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Abstract: Lung cancer is the leading cause of cancer-related mortality worldwide. Historically, cytotoxic
chemotherapy was the primary treatment. Many advances have been made in the treatment of advanced
non-small cell lung cancer (NSCLC) over the past decade, including improved targeted therapies
and the development of immunotherapy. Immune checkpoint inhibitors have emerged as the primary
immunotherapy in NSCLC and have changed the treatment paradigm for advanced disease. These agents
are also starting to be utilized in earlier stages of lung cancer. We review the mechanism of action and

utilization of immune checkpoint inhibitors in the treatment of locally advanced and advanced NSCLC.
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Introduction

Lung cancer is one of the most common and most deadly
malignancies—it accounts for 1.69 million deaths annually
worldwide (1). Non-small cell lung cancer (NSCLC)
accounts for the majority of these cases (80-85%). Although
overall 5-year survival in the United States has changed
little over the last 30 years (from 12% to 18%), recent
treatment advances may improve this dismal trend (2).
Targeted therapies, including vascular endothelial growth
factor (VEGF) inhibitors such as bevacizumab and tyrosine
kinase inhibitors, were the first major advances for NSCLC.
These therapies, however, were limited in scope by either
histology (i.e., bevacizumab is only used in non-squamous
NSCLC) or tumor mutation status (EGFR, ALK, and
BRAF). In contrast, immunotherapy has demonstrated
broad applications across all non-small cell histologies as
well as multiple lines of therapy. Immunotherapy broadly
refers to anti-cancer therapies that utilize a patient’s innate
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immune system to recognize and eliminate malignancy. The
success of immunotherapy in NSCLC has centered on the
development of immune checkpoint inhibitors.

Immune checkpoint inhibitors constitute a new class of
anti-neoplastic agents and have demonstrated promising
clinical efficacy. These immune checkpoint inhibitors
include programmed death-1 (PD-1) inhibitors such as
nivolumab and pembrolizumab, programmed death-ligand 1
(PD-L1) inhibitors such as atezolizumab and durvalumab,
and cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4)
inhibitors such as ipilimumab and tremelimumab. This
review will discuss the mechanism of action and clinical

utility of checkpoint inhibitor immunotherapy in NSCLC.
Immune checkpoint inhibitors—mechanism of

action

Checkpoint inhibitors” mechanism of action impacts the
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complex interaction between tumor cells and the native
immune system. The mutations that transform normal
cells into malignant cells produce neo-antigens that allow
the immune system to recognize cancer as abnormal (3).
PD-1 is a protein marker expressed on activated T-cells
and its ligands—PD-L1 and programmed death-ligand 2
(PD-L2)—are usually expressed on tumor cells. The
interaction between the immune cell PD-1 receptor and the
tumor PD-L1 ligand inhibits T-cell activation, essentially
shielding the tumor from immune surveillance. Although
PD-L1 expression occurs in normal cells to regulate
autoimmunity and prevent abnormal T-cell activation
against normal cells, malignant cells may overexpress PD-L1
as a mechanism to avoid immune detection. Due to this
overexpression, the T-cell PD-1 and malignant cell PD-L1
interaction has been identified as a therapeutic target. PD-1/
PD-L1 checkpoint inhibitors block this interaction, thus
restoring T-cell mediated anti-tumor immune response (4).

Checkpoint inhibitors target both partners in this
interaction: PD-1 and PD-L1. There are subtle differences
in activity between PD-1 and PD-L1 inhibitors based on
the difference in expression as described above. It has been
hypothesized that PD-1 interaction with PD-L2 expressed
on the parenchymal cells of the heart, lung, and kidney
provides negative signaling that prevents autoimmunity (5).
PD-1 inhibitors may thus inadvertently lead to enhanced
autoimmune toxicities by blocking this interaction, whereas
PD-L1 inhibitors may evade some of these immune-
mediated effects by leaving the PD-1/PD-L2 pathway
intact. Clinically, differences in autoimmune toxicities have
not been clearly identified and the drugs are used in similar
treatment settings.

PD-L1 expression based on immunohistochemistry
(IHC) assays is the most frequently studied biomarker for
anti-PD-1/PD-L1 therapies in clinical trials. During early
clinical trials, PD-L1 expression was evaluated but generally
not required for study enrollment. In addition, different
antibodies were utilized: nivolumab trials measured tumor
PD-L1 expression with PD-L1 IHC assay clone 28-8 (6-8),
pembrolizumab trials evaluated tumor PD-L1 expression
using THC 22C3 assay (9), and atezolizumab trials used SP142
PD-L1 assay on tumor cells and tumor-infiltrating immune
cells (10). There are currently several approved assays and
current therapeutic thresholds are based upon tumor cell
PD-L1 IHC expression. However, there are limitations
which may affect result interpretation such as tissue
quality, tumor heterogeneity and dynamic expression (11).
Other potential biomarkers, such as tumor mutation
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burden, are being assessed in other clinical trials in hopes
of identifying specific populations who may derive clinical
benefit from immunotherapy (8).

There are currently four PD-1/PD-L1 inhibitors
commercially available for clinical use. The two available
PD-1 inhibitors are nivolumab and pembrolizumab which
are both humanized immunoglobulin G4 antibodies.
The two commercially available PD-L1 inhibitors—
atezolizumab and durvalumab—are humanized
immunoglobulin G1 monoclonal antibodies.

CTLA-4 is a naturally occurring T-cell regulatory
protein. It is expressed on T-cells and is believed to
downregulate the immune response by binding to CD80
(B7-1) or CD86 (B7-2) on antigen presenting cells.
Inhibition of CTLA-4 enhances T-cell activation, increases
T-cell proliferation, and reduces regulatory T-cell mediated
immunosuppression (12-14). CTLA-4 inhibitors were
the first checkpoint inhibitors available and have been
successfully used in the treatment of melanoma. Ipilimumab
is approved for use in melanoma in the United States; it is
a human immunoglobulin G1 monoclonal antibody which
targets CTLA-4. Tremelimumab is an investigational
selective human immunoglobulin G2 monoclonal antibody
targeting CTLA-4 (13). These agents are not used
commercially for NSCLC but are being combined with
PD-1/PD-L1 inhibitors in clinical trials.

Immunotherapy for advanced NSCLC

The evolution of checkpoint inhibitor therapy has led
to clinical indications for both untreated (first-line) and
previously treated (second-line and later) patients with
metastatic NSCLC. Immunotherapies are also being used
in locally advanced NSCLC as consolidation therapy
following chemoradiation. At this time, anti-PD-1/PD-L1
therapies are only approved as single agents or in
combination with cytotoxic chemotherapy for NSCLC
(summarized in 7able 1). Ongoing areas of investigation

include combination immunotherapies using anti-PD-1/
PD-L1 and anti-CTLA-4 agents together.

First-line immunotherapy in metastatic NSCLC

Immunotherapy single agent

Historically, chemotherapy has been the default first-line
therapy for metastatic NSCLC, however recent trials have
established a role for checkpoint inhibitors in the first-line
setting. In contrast to second-line therapy, single agent
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Table 1 Summary of United States Federal Drug Administration-approved immunotherapy agents in treatment of non-small cell lung cancer

PD-L1
D Histol Dosing/regi Clinical trial
rug istology expression osing/regimen inical tria
Stage Il NSCLC maintenance after chemoradiation
Durvalumab Squamous or Any level  Durvalumab 10 mg/kg vs. placebo every 2 weeks for up to PACIFIC (15)
non-squamous 12 months (phase Ill)

Metastatic NSCLC first-line chemotherapy naive

Pembrolizumab Squamous or >50% Pembrolizumab 200 mg every 3 weeks for 35 cycles vs. KEYNOTE-024 (8)
non-squamous platinum-based chemotherapy (investigator’s choice) forup  (phase )
to 6 cycles with maintenance therapy if indicated
Chemo- Non-squamous  Any level  Pembrolizumab 200 mg + carboplatin AUC (area under the KEYNOTE-021 (12)
immunotherapy; curve) 5 mg/mL per min + pemetrexed 500 mg/m?®every (phase 11)
pembrolizumab + 3 weeks for 4 cycles, followed by pembrolizumab for 2 years
chemotherapy and optional indefinite pemetrexed maintenance therapy
Metastatic NSCLC second-line or later
Nivolumab Squamous Any level  Nivolumab 3 mg/kg every 2 weeks vs. docetaxel 75 mg/m? CheckMate
every 3 weeks 017 (16) (phase IlI)
Nivolumab Non-squamous  Any level  Nivolumab 3 mg/kg every 2 weeks vs. docetaxel 75 mg/m® CheckMate
every 3 weeks 057 (17) (phase IlI)
Pembrolizumab Squamous or >1% Pembrolizumab 2 mg/kg or 10 mg/kg vs. docetaxel KEYNOTE-010 (18)
non-squamous 75 mg/m” every 3 weeks (phase l1/111)
Atezolizumab Squamous or Any level  Atezolizumab 1,200 mg vs. docetaxel 75 mg/m® every POPLAR (19)
non-squamous 3 weeks (phase I1)
Atezolizumab Squamous or Any level  Atezolizumab 1,200 mg vs. docetaxel 75 mg/m’ every OAK (20) (phase IlI)

non-squamous 3 weeks

immune checkpoint inhibitors have demonstrated efficacy
in only a select subset of patients. Two similar trials with
different outcomes have served to define the current role
for single agent immunotherapy: CheckMate 026 (21) and
KEYNOTE-024 (22).

The phase III trial, CheckMate 026, compared
nivolumab [3 milligram/kilogram (mg/kg) every 2 weeks]
with investigator’s choice of platinum doublet chemotherapy
(up to 6 cycles with maintenance therapy, if indicated) in
patients with untreated stage IV or recurrent NSCLC.
This trial included both non-squamous and squamous
histologies and required positive PD-L1 expression (>1%).
Most patients were non-squamous (76%) and most patients
had PD-L1 expression >5% (77% were >5%; 40% were
>50%). Among the 423 patients with PD-L1 expression
>5%, nivolumab did not demonstrate longer progression-
free survival (PFS) than chemotherapy [4.2 vs. 5.9 months;
hazard ratio (HR), 1.15; 95% confidence interval (CI),
0.91-1.45; P=0.25]. Response rate in the nivolumab group
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was 26% vs. 33% in the chemotherapy group. Median
overall survival (OS) in the nivolumab and chemotherapy
groups was similar (14.4 vs. 13.2 months, respectively; HR,
1.02; 95% CI, 0.80-1.30). Grade 3 or 4 treatment-related
adverse events (AEs) were less frequent with nivolumab
(18%) than with chemotherapy (51%) (8). Based on these
negative results, nivolumab is not currently approved as a
single agent in untreated patients.

In contrast, the phase III trial (KEYNOTE-024) which
compared pembrolizumab (200 mg every 3 weeks) with
platinum-based chemotherapy in previously untreated
patients with advanced NSCLC and PD-L1 expression in
>50% of tumor cells (n=305), did demonstrate efficacy for
first-line pembrolizumab. The higher PD-L1 cutoff was
chosen based on an early phase trial which demonstrated
improved efficacy (response rate, PFS, and OS) with
pembrolizumab as first-line therapy in patients with PD-
L1 expression >250% (23,24). Similar to the nivolumab trial,
most patients had non-squamous histology (81-82%). In
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KEYNOTE-024, pembrolizumab resulted in significantly
longer median PFS (10.3 vs. 6.0 months; HR, 0.50; 95%
CI, 0.37-0.68; P<0.001) and OS (HR, 0.60; 95% CI,
0.41-0.89; P=0.005) compared to platinum-based
chemotherapy. Response rate was also higher with
pembrolizumab than with chemotherapy (44.7% wvs.
27.8%). Treatment-related AEs of grade 3 or higher
occurred less often in the pembrolizumab group than in
the chemotherapy group (26.6% vs. 53.3%) (22). Based on
these results, pembrolizumab has been approved as a single
agent in patients with untreated NSCLC and high tumor
PD-L1 expression (defined as >50%).

Atezolizumab has also been evaluated in first-line
therapy, although it is not approved for this indication.
BIRCH was a phase II trial with atezolizumab (1,200 mg
IV every 3 weeks) in patients with advanced or recurrent
NSCLC and PD-L1 expression >5%. This study included
three cohorts, including first-line therapy (n=142). First-
line patients were primarily non-squamous histology (77%)
and included a small cohort of EGFR mutant and ALK
positive patients (11% and 4%—total of 16 patients). For
the first-line cohort, response rate (22%; 95% CI, 15-29),
median PFS (5.4 months; 95% CI, 3.0-6.9) and median OS
(20.1 months; 95% CI, 20.1 to not estimable) were similar
to results observed with nivolumab. The small group of
EGFR mutant NSCLC patients demonstrated similar
response rates to the non-mutated patients (16).

Chemo-immunotherapy
As a follow-up to single agent therapy, chemotherapy and
immunotherapy combinations (chemo-immunotherapy)
have been investigated. The combination of chemotherapy
and pembrolizumab has been approved in the United States;
combinations of chemotherapy and nivolumab are currently
investigational and not approved for routine clinical use.
The approval of chemo-immunotherapy was based
on the KEYNOTE-021 trial. This was a phase II study
evaluating carboplatin and pemetrexed with or without
pembrolizumab in chemotherapy-naive, stage IIIB or IV,
non-squamous NSCLC patients. In contrast to the single
agent pembrolizumab trial, positive PD-L1 expression was
not required for enrollment. In the combination therapy
arm, 35% had PD-L1 expression <1% and 33% had PD-
L1 expression >50% (similar in chemotherapy only arm).
Median PFS was significantly improved with combination
therapy [pembrolizamab plus chemotherapy—13.0 months
(95% CI, 8.3 to not reached)] compared with chemotherapy
only (8.9 months; 95% CI, 4.4-10.3). Objective response
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was 55% (33 of 60 patients) with combination therapy
compared to 29% (18 of 63 patients) with chemotherapy
only. Treatment-related AEs of grade 3 or higher were
similar in both groups (39% with pembrolizumab plus
chemotherapy and 25% with chemotherapy only) (9).
Combination therapy with pembrolizumab and
chemotherapy was approved in the United States based on
this data. There are ongoing phase III studies to confirm
these findings, including KEYNOTE-189 (platinum and
pemetrexed with or without pembrolizumab in patients
with non-squamous NSCLC) (25) and KEYNOTE-407
(carboplatin and paclitaxel or nab-paclitaxel with or without
pembrolizumab in patients with squamous NSCLC) (18).

Combinations of other checkpoint inhibitors and
chemotherapy have also been investigated. A randomized
Phase 11T trial evaluating carboplatin and paclitaxel with
or without ipilimumab in chemotherapy-naive squamous
cell lung cancer demonstrated no survival benefit (OS, 13.4
vs. 12.4 months; P=0.25) and increased toxicity with the
chemo-immunotherapy combination (19). A phase I trial
(CheckMate 012) included several cohorts of combination
therapy: nivolumab plus either gemcitabine and cisplatin
(squamous histology), pemetrexed and cisplatin (non-
squamous histology), or paclitaxel and carboplatin (any
histology). All patients received 4 cycles, and subsequent
nivolumab maintenance therapy until disease progression
or unacceptable toxicity. Results demonstrated objective
response rate (ORR) of 46%, median PFS of 6.0 months
(95% CI, 4.8-8.3), and median OS of 19.2 months (95%
CI, 14.1-23.8). ORR and OS were similar irrespective of
the level of PD-L1 expression (20). CheckMate 012 also
evaluated first-line combination immunotherapy: nivolumab
and ipilimumab. Two dosing schedules were evaluated—
nivolumab 3 mg/kg every 2 weeks plus either ipilimumab
1 mg/kg every 6 weeks or every 12 weeks. Response rate
and PFS were better with the less frequent dosing (47%
vs. 38% response rate and 8.1 vs. 3.9 months PFS—every
12 weeks vs. every 6 weeks) (15).

CheckMate 227 was a follow-up phase III trial with
over 2,500 patients comparing nivolumab single agent,
nivolumab plus ipilimumab, or nivolumab plus platinum
doublet chemotherapy vs. platinum doublet chemotherapy
in patients with chemotherapy naive stage IV or recurrent
NSCLC of any histology. The multi-arm trial stratified
patients by PD-L1 expression. Part la enrolled PD-L1
expressing patients and randomized patients to nivolumab
plus ipilimumab, nivolumab monotherapy, or chemotherapy.
Part 1b enrolled PD-L1 negative patients and randomized
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patients to nivolumab plus ipilimumab, nivolumab plus
chemotherapy, or chemotherapy alone. In addition to
PD-L1 expression, this trial is also evaluating tumor
mutation burden as a potential biomarker but these results
are not yet available (17). Tumor mutation burden has been
previously described as a potential predictor of response (8).

Second-line immunotherapy in metastatic NSCLC

For patients who do not receive immunotherapy as first-
line treatment, there are multiple competing options and
available drugs including nivolumab, pembrolizumab, and
atezolizumab. Several other PD-1/PD-L1 inhibitors have
been evaluated but are not currently utilized for metastatic
NSCLC (including avelumab and durvalumab). This section
will focus on clinical efficacy of nivolumab, pembrolizumab,
and atezolizumab in this treatment setting.

There were two separate phase III trials which evaluated
second-line nivolumab: CheckMate 017 (7) which evaluated
squamous NSCLC and CheckMate 057 (26) which evaluated
non-squamous NSCLC. Both trials compared nivolumab
(3 mg/kg every 2 weeks) with docetaxel (75 mg/m’
every 3 weeks) in patients with stage IIIB/IV NSCLC who
had disease progression during or after one prior platinum-
based regimen. In the squamous trial, median OS (9.2
vs. 6.0 months), 1-year survival rate (42% vs. 24%; HR,
0.59; P<0.001), response rate (20% vs. 9%; P=0.008) and
median PFS (3.5 vs. 2.8 months; HR, 0.62; 95% CI, 0.47-
0.81; P<0.001) were significantly better in the nivolumab
group (7). The non-squamous trial demonstrated similar
positive results favoring nivolumab: median OS (12.2 vs.
9.4 months; HR, 0.73; 95% CI, 0.59-0.89; P=0.002) and
response rate (19% wvs. 12%; P=0.02). In the non-squamous
study, median PFS favored docetaxel over nivolumab (4.2
vs. 2.3 months), but the rate of PFS at 1 year was higher in
the nivolumab group than in the docetaxel group (19% vs.
8%). In the squamous population, PD-L1 expression was
neither prognostic nor predictive of efficacy (7). In contrast,
in the non-squamous population, PD-L1 expression
was associated with better OS in the nivolumab group
suggesting a difference in utility for these patients (6). In
both trials, there were less treatment-related toxicities
(= grade 3) with nivolumab than with docetaxel (6,7).

Pembrolizumab was initially evaluated in a large multi-
cohort phase I trial which included previously treated
patients (KEYNOTE-001) (24). This trial demonstrated
promising results and was followed by the Phase II/IIT trial,
KEYNOTE-010 (27). This study compared pembrolizumab
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(2 and 10 mg/kg) vs. docetaxel (75 mg/m’) every 3 weeks
in patients with previously treated NSCLC with tumor
cell PD-L1 expression >21% (n=1,034). This trial included
both squamous (19-22%) and non-squamous (70-71%)
histologies in all treatment arms. Across treatment arms,
40-44% of patients were high PD-L1 expressers (>50%).
In the overall population (PD-L1 >1%), median PFS was
not significantly different between pembrolizumab (2 or
10 mg/kg) and docetaxel (3.9 vs. 4.0 months). However,
median OS was significantly improved with both doses
of pembrolizumab (2 mg/kg—10.4 months; HR, 0.71;
95% CI, 0.58-0.88; P=0.0008; 10 mg/kg—12.7 months;
HR, 0.61; 95% CI, 0.49-0.75; P<0.0001) compared with
docetaxel (8.5 months) in the total population. In patients
with PD-L1 expression of >50%, median PFS and OS were
significantly longer with pembrolizumab (2 mg/kg—PFS
5.0 months; HR, 0.59; P=0.0001; OS, 14.9 months; HR,
0.54; P=0.0002; 10 mg/kg—PFS 5.2 months; HR, 0.59;
P<0.0001; OS, 17.3 months; HR, 0.50; P<0.0001) than with
docetaxel (PFS, 4.1 months, OS, 8.2 months). In the overall
population (PD-L1 >1%), response rate was significantly
higher in both pembrolizumab groups than in the docetaxel
group (18% wvs. 9% for both pembrolizumab groups wvs.
docetaxel; 2 mg/kg, P=0.0005; 10 mg/kg, P=0.0002). In
patients with PD-L1 expression of >50%, response rate was
also significant higher in both pembrolizumab groups (30%
vs. 8% for pembrolizumab 2 mg/kg vs. docetaxel and 29%
vs. 8% for pembrolizumab 10 mg/kg vs. docetaxel; P<0.0001
for both) than in the docetaxel group. Treatment-related
AEs of grade 3-5 were less frequent in both pembrolizumab
groups (13% with 2 mg/kg and 16% with 10 mg/kg) than
in the docetaxel group (35%). This data established the
use of pembrolizumab (for second-line or later therapy)
in patients with previously treated advanced NSCLC with
PD-L1 expression >1%. This trial also indicated increased
benefit of immunotherapy associated with higher PD-L1
expression (27).

Atezolizumab has been evaluated in a series of trials:
BIRCH (16), POPLAR (28), and OAK (10). BIRCH was
a phase II trial with atezolizumab in patients with stage
IIB/IV or recurrent NSCLC and PD-L1 expression >5%.
As described above, this multi-cohort trial also included
two cohorts for previously treated patients: second-line
and third-line or higher. Results essentially demonstrated
efficacy and safety with single agent atezolizumab in all
lines of therapy in patients with PD-L1 selected advanced
NSCLC (16).

POPLAR was a randomized phase II trial which
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compared atezolizumab (1,200 mg IV) with docetaxel
in patients with NSCLC after progression on platinum-
based chemotherapy (n=287). This trial also enrolled non-
squamous and squamous histologies and stratified patients
according to PD-L1 expression (<1%, >1% and <5%, >5%
and < 50%, and >50%). OS was significantly improved with
atezolizumab compared with docetaxel in the intention-
to-treat (I'T'T) population (12.6 vs. 9.7 months; HR, 0.73;
95% CI, 0.53-0.99; P=0.04). Notably, both squamous and
non-squamous NSCLC patients achieved improvement
in OS with atezolizumab compared with docetaxel. PFS
was similar between the atezolizumab and docetaxel
groups (2.7 vs. 3.0 months; HR, 0.94; 95% CI, 0.72-1.23).
ORR was also similar between the two groups, however,
median response duration was improved with atezolizumab
(14.3 month) compared with docetaxel (7.2 months). As
observed with other checkpoint inhibitors, increasing
PD-L1 expression correlated with increased OS benefit
from atezolizumab. In patients with no PD-L1 expression
(<1%), OS was similar between the atezolizumab and
docetaxel groups (9.7 months; HR, 1.04; 95% CI, 0.62-
1.75). In patients with PD-L1 expression >1%, there was
a significant improvement in survival, accounting for the
overall benefit observed. Grade 3 to 4 treatment-related
AEs were less common with atezolizumab compared with
docetaxel (11% vs. 39%) (28).

OAK was a phase III study to confirm the results of the
POPLAR study—the overall design was very similar. This
trial also compared atezolizumab with docetaxel in patients
with stage IIIB or IV NSCLC who had previously received
at least one prior cytotoxic chemotherapy regimens,
including >1 platinum-based combination therapy (n=850).
This trial also stratified patients by PD-L1 expression.
Median OS in the I'TT population was significantly better
with atezolizumab compared with docetaxel (13.8 vs.
9.6 months; HR, 0.73; 95% CI, 0.62-0.87; P=0.0003). In
contrast to POPLAR, however, there was an improved
median OS with atezolizumab compared with docetaxel in
patients with PD-L1 expression >1% (15.7 vs. 10.3 months;
HR, 0.74; 95% CI, 0.58-0.93; P=0.0102), as well as PD-L1
expression <1% (12.6 vs. 8.9 months; HR, 0.75; 95%
CI, 0.59-0.96). Consistent with prior trials, high PD-
L1 expression (>50%) achieved the greatest median OS
benefit with atezolizumab (20.5 vs. 8.9 months; HR, 0.41;
95% CI, 0.27-0.64; P<0.0001). Median PFS was similar
between both groups in the I'TT population (2.8 months
with atezolizumab and 4.0 months with docetaxel; HR,
0.95; 95% CI, 0.82-1.10). Objective response in the I'TT
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population was also similar between both groups, but the
median duration of response in the I'T'T population was
markedly longer in the atezolizumab group compared
with the docetaxel group (16.3 vs. 6.2 months; HR, 0.34;
95% CI, 0.21-0.55; P<0.0001). Grade 3 or 4 treatment-
related AEs were less frequent with atezolizumab than with
docetaxel (15% vs. 43%) (10).

One notable difference for BIRCH, POPLAR and OAK
was the inclusion of patients with EGFR mutations and
ALK translocations. These patients are specifically excluded
from many immunotherapy trials. For the EGFR-mutant
population, BIRCH included 32 patients receiving second-
line or later (15%) (16), POPLAR included 19 patients (13%
in the atezolizumab arm, 10% in the docetaxel arm) (28), and
OAK included 85 patients (10% in each treatment arm) (10).
ALK-positive patients were much less common—o6 patients
in BIRCH (4%) (16), 3 patients in POPLAR (5%) (28), and
2 patients in OAK (<1%) (10). Given the small number of
patients, conclusions were limited. A subgroup analysis of
EGFR-mutant patients in OAK favored chemotherapy over
atezolizumab (HR, 1.24; 95% CI, 0.21-2.18), suggesting a
lack of benefit for these patients (10).

Immunotherapy in stage 1ll NSCLC

The most recent advancement in checkpoint inhibitor
therapy is an indication for locally advanced, stage III
NSCLC. The current standard of care is combination
therapy with chemotherapy and radiation. Concurrent
chemoradiation is recommended if tolerable, although
sequential therapy is also an option.

PACIFIC was a Phase III trial evaluating durvalumab as
maintenance therapy for 1 year after chemoradiation. All
patients received at least 2 cycles of concurrent platinum-
based chemoradiotherapy. Patients with no disease
progression after chemoradiation were randomized to either
durvalumab (10 mg/kg IV) or placebo every 2 weeks for up
to 12 months (n=709). Durvalumab therapy started within
42 days of completion of chemoradiation. Most patients
achieved at least partial response prior to randomization
(durvalumab 48.7% and placebo 46.8%). Median PFS was
significantly longer with durvalumab than with placebo (16.8
vs. 5.6 months; HR, 0.52; 95% CI, 0.42-0.65; P<0.001).
Notably, PFS benefit with durvalumab was evident
irrespective of PD-L1 expression. Response rate was also
significantly better with durvalumab compared with placebo
(28.4% vs. 16%; P<0.001). Treatment-related AEs of grade
3 or 4 were similar in both the durvalumab and placebo
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Table 2 Ongoing clinical trials in immunotherapy for stages I-I1I non-small cell lung cancer

Treatment setting Stage Trial name

Concurrent with | Phase I/l Study of the Safety, Tolerability, and Efficacy of Stereotactic Body Radiation Therapy (SBRT)

radiation therapy Combined With Concurrent and Adjuvant Avelumab for Definitive Management of Early Stage Non-
Small Cell Lung Cancer (NSCLC)

Concurrent with I-lA Phase Il Randomized Clinical Trials Comparing Immunotherapy (nivolumab) Plus Stereotactic Ablative

radiation therapy Radiotherapy (I-SABR) Versus SABR Alone for Stage |, Selected Stage lla or Isolated Lung Parenchymal
Recurrent Non-Small Cell Lung Cancer: I-SABR

Concurrent with | Ablative STEreotactic RadiOtherapy with Durvalumab (MEDI4736). An Open Label Randomized Phase

radiation therapy Il Trial With Durvalumab Following Stereotactic Body Radiotherapy (SBRT) in Patients With Stage | Non-
small Cell Lung Cancer (NSCLC) - ASTEROID

Adjuvant 1Bl A Phase Il Prospective Double Blind Placebo Controlled Randomized Study of Adjuvant MEDI4736
(durvalumab) In Completely Resected Non-Small Cell Lung Cancer

Neoadjuvant IB-1IA Pembrolizumab Prior to Surgery for Stage 1B, 2 or 3A Non-small Cell Lung Cancer (NSCLC): A Phase |
Study

Neoadjuvant A Neoadjuvant Chemo/Immunotherapy for the treatment of resectable stage IlIA Non-Small Cell Lung
Cancer (NSCLC): A Phase Il Multicenter Exploratory Study

Neoadjuvant IB-1IIA A Single-arm Phase 2 Study of Atezolizumab as Induction Therapy in Stage IB-IIIA Non N2 Resectable
and Untreated Non-small Cell Lung Cancer (NSCLC)

Neoadjuvant A Neoadjuvant Immunoradiation for Stage IlIA Resectable Non-Small Cell Lung (durvalumab and
tremelimumab)

Neoadjuvant IB-IIA Neoadjuvant Nivolumab, or Nivolumab in Combination With Ipilimumab, in Resectable Non-Small-Cell
Lung Cancer

Consolidation INA/IB Phase Il Study of Consolidation Immunotherapy With Nivolumab and Ipilimumab or Nivolumab Alone

therapy
(NSCLC): BTCRC-LUN16-081

Following Concurrent Chemoradiotherapy for Unresectable Stage IlIA/IIIB Non-small Cell Lung Cancer

groups (29.9% wvs. 26.1%), although the incidence of
pneumonitis was higher with durvalumab (all grades: 33.9%
vs. 25.2%) (29). Based on these results, durvalumab has been
approved for treatment after concurrent chemoradiation in
stage III NSCLC in the United States.

Combination therapies and future directions

Ongoing areas of investigation include combination
therapies across multiple lines of therapy. One area of
interest is moving immunotherapy into earlier stages
of disease. Tuble 2 summarizes ongoing clinical trials
for neoadjuvant, adjuvant and chemoradiation therapy
in early stage NSCLC. These trials include evaluating
immunotherapy in combination with stereotactic radiation
for unresectable early stage disease, induction therapy for
potentially resectable disease, and consolidation therapy
for patients receiving chemoradiation for locally advanced
disease.

© Shanghai Chest. All rights reserved.
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Another area of interest is developing combination
therapies to overcome resistance. Although checkpoint
inhibitors have demonstrated promising clinical activity,
most patients do not achieve durable responses and
ultimately die from progressive disease. In addition, as more
patients receive checkpoint inhibitors earlier in the course
of their disease, options are limited to chemotherapy at
progression. Strategies to address this issue have included
combination therapies—immunomodulation by addition
such as combining PD-1/PD-L1 inhibitors with CTLA-4
inhibitors, adding radiation therapy for abscopal effect, or
adding other immune-modulating agents. These trials are
still ongoing but may represent the next generation of anti-
cancer therapies.

Conclusions

Checkpoint inhibitor immunotherapy has changed the
treatment of NSCLC and improved survival for advanced

Shanghai Chest 2018;2:35
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stage patients. In metastatic NSCLC, checkpoint inhibitor
therapy is considered standard of care as first or second-line
treatment. As this therapeutic modality continues to evolve,
it is likely to impact treatment in early stage disease as well.
As we continue to enrich our understanding of mechanisms
of resistance and predictive biomarkers through future areas
of study, we will further hone our use of these novel agents
in the treatment of NSCLC.
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