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Lung cancer remains a leading cause of cancer mortality worldwide, including in
Korea. Systemic therapy including platinum-based chemotherapy and targeted
therapy should be provided to patients with stage IV non-small cell lung cancer
(NSCLC). Applications of targeted therapy, such as an epidermal growth factor re-
ceptor (EGFR) tyrosine kinase inhibitors (TKIs) and anaplastic lymphoma kinase
(ALK) inhibitors, in patients with NSCLC and an EGFR mutation or ALK gene re-
arrangement has enabled dramatic improvements in efficacy and tolerability. De-
spite advances in research and a better understanding of the molecular pathways
of NSCLC, few effective therapeutic options are available for most patients with
NSCLC without druggable targets, especially for patients with squamous cell NS-
CLC. Immune checkpoint inhibitors such as anti-cytotoxic T lymphocyte anti-
gen-4 or anti-programmed death-1 (PD-1) or programmed death-ligand 1 (PD-Lx)
have demonstrated durable response rates across a broad range of solid tumors,
including NSCLC, which has revolutionized the treatment of solid tumors. Here,
we review the current status and future approaches of immune checkpoint inhib-
itors that are being investigated for NSCLC with a focus on pembrolizumab,
nivolumab, atezolizumab, durvalumab, and ipilimumab.
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INTRODUCTION

improves disease-related symptoms compared to best
supportive care [3]. Platinum-containing doublet che-

Lung cancer remains a leading cause of cancer mor-
tality worldwide, including in Korea [1]. Non-small cell
lung cancer (NSCLC) accounts for 85% of lung cancers,
and its 5-year survival rate (18%) is much lower than
that of other cancers, with survival of only 4% for ad-
vanced or metastatic disease [2]. Histology, molecular
pathology, age, performance status (PS), comorbidities,
and patient preferences should be considered before
making decisions regarding a treatment strategy.
Systemic therapy should be provided to patients
with stage IV NSCLC with PS o—2 because chemother-
apy prolongs survival, improves quality of life, and
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motherapy, such as that combined with paclitaxel, gem-
citabine, irinotecan, vinorelbine, or docetaxel, is con-
sidered standard therapy [4]. In contrast, pemetrexed
is preferred to gemcitabine in patients with non-squa-
mous NSCLC based on its improved survival and fewer
side effects [5).

Applications of targeted therapy, such as epidermal
growth factor receptor (EGFR) tyrosine kinase inhib-
itors (TKIs) and anaplastic lymphoma kinase (ALK)
inhibitors, in patients with NSCLC and an EGFR muta-
tion or ALK gene rearrangement has enabled dramatic
improvements in efficacy and tolerability [6]. A number
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of randomized phase III studies comparing EGFR TKI
or ALK TKI with platinum doublet chemotherapy in
patients with advanced NSCLC have shown consistently
high response rates and longer progression free sur-
vival (PFS) along with improved quality of life. These
results have given rise to EGFK TKI and ALK TKI be-
coming the standard of care as first-line therapies in
patients with NSCLC and an EGFR mutation or ALK
gene rearrangement [7-12]. However, most patients de-
velop acquired resistance after g to 11 months of PFS
with EGFR TKI or ALK TKI, even though second- or
third-line TKIs were used [13].

Despite advances in research and a better under-
standing of the molecular pathways in NSCLC, there
are limited effective therapeutic options available for
the majority of patients with NSCLC without druggable
targets, particularly for patients with squamous cell NS-
CLC. Immune checkpoint inhibitors (CPIs), such as an-
ti-cytotoxic T lymphocyte antigen-4 (CTLA-4), anti-pro-
grammed death-1 (PD-1), or programmed death-ligand
1 (PD-L1), demonstrate durable response rates across a
broad range of solid tumors, including NSCLC, which
has revolutionized treatment of solid tumors [14]. Here,
we review the current status and future approaches of
immune checkpoint blockades with a focus on pem-
brolizumab, nivolumab, atezolizumab, durvalumab, and
ipilimumab, which are being investigated for treating
NSCLC.

MECHANISM OF IMMUNE CHECKPOINT
INHIBITORS

Immune checkpoints are orchestrated by a set of
co-stimulatory and co-inhibitory molecules that regu-
late the activation and effector functions of T lympho-
cytes. These regulatory circuits enable self-tolerance
under normal physiological conditions but frequently
become co-opted during malignancy [15]. The most
therapeutically relevant mechanism for immune re-
sistance in NSCLC is considered the expression of
immune inhibitory molecules in the tumor microen-
vironment. Among these inhibitory ligands (so called
checkpoint ligands), PD-L1 has been the most studied
in NSCLC, although PD-L2, By-H3, and By-Hg4 have
also been reported to be upregulated in lung cancer.
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Increased numbers of CD4+ and CD8+ tumor-in-
filtrating T-lymphocytes are associated with a good
prognosis in patients with lung cancer [16]. Immune
checkpoints, represented by the interaction between
the cell surface proteins CTLA-4 and PD-1 and their
respective ligands, produce a negative signal for T-cells.
Thus, immune checkpoint signaling decreases T-cell
function, including proliferation, cytokine release, and
secretion of cytotoxic granules. CTLA-4 binds to its
receptors, By-1 (CD80) or By-2 (CD86), to give rise to a
negative signal between T-cells and antigen presenting
cells (APCs) in central lymph nodes. In contrast, PD-1
binds to its ligands PD-L1 (By-H1) and PD-L2 (B7-DC)
on APCs, tumor cells (T'Cs), and host stromal cells. Tu-
mors grow and progress because tumors provide these
immunoregulatory pathways to circumvent immune
surveillance. Immune surveillance and T-cell function
can be restored by blocking immune checkpoints with
monoclonal antibody antagonists. Ipilimumab, a hu-
manized immunoglobulin G (IgG1) monoclonal anti-
body that blocks CTLA-4 signaling, has been approved
for treatment of malignant melanoma. Pembrolizumab
and nivolumab, which are humanized IgG4 monoclonal
anti-PD-1 antibodies, and atezolizumab, which is a hu-
manized IgG4 monoclonal anti-PD-L1 antibody, have
emerged as standard treatment for NSCLC. In addition,
durvalumab and avelumab are anti-PD-L1 agents that
are being actively investigated in clinical trials.

CHECKPOINT INHIBITORS AS A SALVAGE
TREATMENT IN PATIENTS WITH NSCLC
PREVIOUSLY TREATED WITH PLATINUM-
CONTAINING DOUBLET CHEMOTHERAPY

Several phase 1 studies have revealed that single agent
immune checkpoint blockade, such as anti-PD-1 or
anti-PD-L1, shows efficacy and tolerability in refracto-
ry solid tumors, including NSCLC [17,18]. Therefore,
multiple randomized controlled phase 3 studies were
conducted to clarify the efficacy of CPIs compared with
docetaxel as a salvage treatment in patients with NSCLC
previously treated with platinum-based chemotherapy.

KEYNOTE-o10, a randomized controlled phase
2[3 trial involving 202 academic medical centers in 24
countries, showed significantly prolonged overall sur-
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vival (OS) (14.9 months vs. 8.2 months; hazard ratio [HR],
0.54; 95% confidence interval [CI], 0.38 to 0.77; p < 0.0001)
and PFS (5.0 months vs. 4.1 months; HR, 0.59; 95% CI,
0.44 t0 0.78; p = 0.0001) in patients treated with the an-
ti-PD-1 inhibitor pembrolizumab 2 mg/kg compared
with docetaxel among previously treated patients with
at least 50% of T'Cs expressing PD-L1 [19).

OAK, a randomized, open-label phase 3 trial involv-
ing 194 academic or community oncology centers in 31
countries, reported results of PD-Li-targeted therapy
(atezolizumab) resulting in a clinically relevant im-
provement in OS versus docetaxel (median 12.6 months
vs. 8.9 months; HR, 0.75; 95% CI, 0.59 to 0.96), regardless
of PD-L1 expression or histology with a favorable safety
profile [20].

In CheckMate o017 [21] and CheckMate o57 [22], which
were international, randomized, open-label, phase 3
studies, patients were randomly assigned 1:1 to receive
nivolumab (3 mg/kg every 2 weeks) or docetaxel (75 mg/
m? every 3 weeks). These studies demonstrated that
nivolumab provided long-term clinical benefits regard-
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less of PD-L1 expression [23].

In conclusion, immunotherapy may be an optimal
option for salvage treatment in patients with advanced
NSCLC previously treated with platinum-containing
doublet chemotherapy, especially in those with high
PD-L1 expression, but also in those with no or low PD-
L1 expression (Table 1). However, one treatment is not
favorable over another in this setting because of the ab-
sence of a head-to-head comparison.

CHECKPOINT INHIBITORS AS FIRST-LINE
MONOTHERAPY FOR ADVANCED NSCLC

First-line platinum-based chemotherapy remains the
standard of care for patients with advanced NSCLC
without an EGFR mutation or ALK rearrangement.
However, the efficacy of chemotherapy remains poor,
and new strategies are needed. CPIs show tremendous
and durable responses as a salvage treatment in some
previously treated patients with advanced NSCLC when

Table 1. Immune checkpoint blockades versus chemotherapy (docetaxel 75 mg/m” every 3 weeks) as salvage treatment

Study Drug Histology PD-L1 PD-L1 Median OS, Median PES,
assessment status mon (HR) mon (HR)
KEYNOTE-o10 Pembrolizumab NSCLC 22C3 (Dako) =1% 10.4vs.8.5(071) 3.9 Vs. 4.0 (0.88)
(phase 2/3) 2 mg/kg every 3 weeks
>50%  14.9vs.8.2(0.54)  5.0Vs. 4.1(0.59)
OAK (phase3)  Atezolizumab NSCLC SPi142 (Ventana)  All 13.8v8.9.6(0.73) 2.8 vs. 4.0 (0.95)
1,200 mg every 3 weeks
>1% 15.7vs.103 (0.74) 2.8 vs. 4.1(0.91)
>5%  163vs.10.8(0.67)  4.1vs.3.6(0.76)
>50%  205Vs.8.9(0.41)  4.2vs.33(0.63)
<1% 12.6vs.8.9(0.75) 2.6 Vs. 4.0 (1.00)
CheckMate o017  Nivolumab 3 mg/kg Squamous 28-8 (Dako) All 9.2vs.6.0(0.59)  3.5Vs. 2.8 (0.62)
(phase 3) every 2 weeks NSCLC
CheckMate 057  Nivolumab 3 mg/kg Non-squamous  28-8 (Dako) All 12.28.9.5(0.73) 2.3 s. 4.2 (0.92)
(phase 3) every 2 weeks NSCLC
CheckMate Nivolumab 3 mg/kg NSCLC 28-8 (Dako) All 11.1vs. 8.1 (0.72)
o17/057 every 2 weeks

=1% 13.4 vs. 8.5 (0.67)
>5% 17.2 vs. 7.7 (0.51)
>50%  20.6vs.8.0(0.42)

PD-L1, programmed death-ligand 1; OS, overall survival; HR, hazard ratio; PFS, progression free survival; NSCLC, non-small

cell lung cancer.
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compared to the second-line docetaxel. Therefore, it
was assumed CPIs would produce good responses as a
first-line treatment in patients with previously untreat-
ed advanced NSCLC. The results of several large ran-
domized phase 3 trials are summarized as follows.
CheckMate 026, a randomized controlled phase 3
trial of first-line nivolumab (3 mg/kg every 2 weeks)
compared with platinum-doublet chemotherapy (every
3 weeks for up to six cycles) in PD-Li-positive patients
(PD-L1 = 1%), demonstrated that nivolumab was not
associated with significantly longer PFS (4.2 months

KJIM™

vs. 5.9 months; HR, 1.15; p = 0.25) than chemotherapy
among patients with previously untreated advanced or
recurrent NSCLC with a PD-L1 expression level = 5%.
OS was similar between the groups (14.4 months vs. 13.2
months; HR, 1.02) (Table 2) [24].

In contrast, KEYNOTE-024, a randomized controlled
phase 3 trial of first-line pembrolizumab (200 mg ev-
ery 3 weeks for up to 35 cycles or until documented
progressive disease) compared with four to six cycles
of platinum-based chemotherapy reported that those
treated with pembrolizumab showed significantly lon-

Table 2. First-line immune checkpoint inhibitors in patients with advanced or recurrent NSCLC

Median Median

Study Drug Histology ]:tIZt-tI:sl OS,mon  PFS, mon ;:ém(jiﬁ
(HR) (HR) P
Monotherapy of Immune checkpoint inhibitor
CheckMate 026  Nivolumab vs. NSCLC =1%  14.4VS.13.2  4.2VS.5.9
(phase 3) platinum-based chemotherapy (1.02) (1.15)
KEYNOTE-024 Pembrolizumab vs. NSCLC =50% Not 103 vs. 6.0
(phase 3) platinum-based chemotherapy reached (0:50)
(0.60)
BIRCH (phase 2) Atezolizumab (cohort 1; n = 139) NSCLC >5%  Ongoing  Ongoing ORR
IMpower 110 Atezolizumab vs. platinum-based NSCLC =1% Ongoing  Ongoing (0N}
(phase 3) chemotherapy
IMpower 111 Atezolizumab vs. platinum-based Squamous 21%  Ongoing  Ongoing PES
(phase 3) chemotherapy NSCLC
Immune checkpoint inhibitor plus immune checkpoint inhibitor
CheckMate 227  Nivolumab plus ipilimumab vs. NSCLC All Ongoing  4.9Vs.5.5
(phase 3) platinum-based chemotherapy (0.83)
High  Ongoing 7.2 VS. 5.5
TMB (0.58)
MYSTIC Durvalumab + tremelimumab vs. Non-squamous All Ongoing  Ongoing PES, OS
(phase 3) platinum-based chemotherapy NSCLC
Immune checkpoint inhibitor plus chemotherapy
KEYNOTE-021  Pembrolizumab plus platinum-based Non-squamous All Not 13.0vs. 8.9
(phase 2) chemotherapy vs. chemotherapy NSCLC reached (0.53)
alone (0.90)
KEYNOTE-189  Pembrolizumab plus platinum-based Non-squamous All NRvs.11.3 8.8vs.4.9
(phase 3) chemotherapy vs. chemotherapy NSCLC (0.49) (0.52)
alone
IMpower 150 Atezolizumab/carboplatin/placlitaxel/ Non-squamous All  19.2vs.14.4 83Vs.6.8
(phase 3) bavacizumab (armB) vs. carboplatin/ NSCLC (0.77) (0.61)

paclitaxel/bevacizumab (armC)

NSCLC, non-small cell lung cancer; PD-L1, programmed death-ligand 1; OS, overall survival; HR, hazard ratio; PES, progres-
sion free survival; ORR, objective response rate; TMB, tumor mutation burden.
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ger PFS (10.3 months vs. 6.0 months; HR, 0.50; p < 0.001)
and OS (not reached in either arm; HR, 0.60; p = 0.005)
with fewer adverse events (AEs) than those treated with
chemotherapy in patients with previously untreated
advanced NSCLC with PD-L1 expression on at least
50% of TCs and no sensitizing mutation of the EGFR
gene or translocation of the ALK gene [25]. This robust
finding led to U.S. Food and Drug Administration (FDA)
approval of pembrolizumab as a first-line treatment in
patients with high PD-L1 expression in at least 50% of
TCs.

The KEYNOTE-o042 study (NCT02220894) was a
randomized phase 3 trial comparing single agent
pembrolizumab with platinum-based chemotherapy
for NSCLC with both squamous and non-squamous
histology and PD-L1 expression = 1%. Although this
study demonstrated significant improvement in OS
with pembrolizumab compared to chemotherapy (16.7
months vs. 12.1 months; HR, 0.81) in patients with = 1%
PD-L1 expression, this improvement was mostly driven
by patients with PD-L1 expression = 50%, because there
was no difference in OS in patients with 1% to 40% of
PD-L1 expression. It was recently announced in a press
release that this study met the primary endpoint of OS
[26].

BIRCH], a phase 2 trial, demonstrated clinically sig-
nificant efficacy of atezolizumab monotherapy (1,200
mg intravenously every 3 weeks) in patients with
treatment-naive advanced NSCLC and positive PD-
L1 expression [27]. IMpower 110 (NCT'02409342) and
IMpower 111 (NCT02409355) are ongoing phase 3 trials
comparing atezolizumab with chemotherapy in pa-
tients with PD-L1 positive (= 1% on TC or immune cell
with Ventana SP142 assay) advanced treatment-naive
NSCLC.

CHECKPOINT INHIBITOR-BASED
COMBINATION THERAPIES IN TREATMENT
NAIVE ADVANCED NSCLC

CPIs show benefits for survival as a first-line mono-
therapy in patients with advanced NSCLC, particular-
ly those with high PD-L1 expression, and CPI-based
combination therapies have been actively studied to
obtain durable responses. There are several CPI-based
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combination therapies, such as dual CPI + CPI, CPI +
chemotherapy, CPI + EGFR TKI, or CPI + chemother-
apy + vascular endothelial growth factor (VEGF) mono-
clonal antibody. Herein, we focused on dual CPI + CPI
and CPI + chemotherapy as a first-line treatment for
patients with advanced treatment-naive NSCLC. Two
representative studies to identify the efficacy of dual
CPI + CPI treatment have been conducted.

The Checkmate 227 study, a randomized phase 3 trial
comparing nivolumab plus ipilimumab (Ipi-Nivo) with
standard platinum-based chemotherapy in patients
with NSCLC and at least 1% PD-L1 expression, recently
demonstrated significant improvement in PFS with
nivolumab plus ipilimumab in patients with a high
tumor mutation burden (TMB) of at least 10 mutations
per megabase, as tested by the FoundationOne CDx
assay [28]. The median PFS was 7.2 months (95% CI, 5.5
to 13.2) versus 5.5 months (HR, 0.58; 95% CI, 4.4 to 5.8;
p < o.001). The objective response rate was 45.3% with
nivolumab plus ipilimumab and 26.9% with chemo-
therapy. The incidence of grade 3 or 4 treatment-related
AEs was 31.2% with nivolumab plus ipilimumab versus
36.1% with chemotherapy. In this study, the population
with at least 1% PD-L1 expression received nivolumab
monotherapy. No significant difference in PFS was
observed between those treated with nivolumab mono-
therapy and those treated with chemotherapy; median
PFES was 4.2 months (95% CI, 2.7 to 8.3) with nivolumab
and 5.6 months (95% CI, 4.5 to 7.0) with chemotherapy
(HR, 0.95; 95% CI, 0.61 to 1.48; p = 0.78). Although OS
data are not yet complete, these results indicate that
TMB is an independent predictor for selected patients
who would most likely benefit from the combination of
nivolumab and ipilimumab. In contrast, the MYSTIC
study, which compared durvalumab plus tremelimum-
ab with platinum-based chemotherapy, did not meet
the primary endpoint of PES. The final OS analysis is
pending [29].

Preclinical data show that chemotherapy induces PD-
L1 expression on TCs [30]. Therefore, a CPI in combi-
nation with chemotherapy shows promising efficacy as
a first-line treatment in patients with advanced NSCLC.
Unlike previous dual CPI + CPI treatment, the CPI +
chemotherapy combination showed remarkable results.

KEYNOTE-o21, a randomized, open-label, phase 2
cohort of a multicohort study, investigated the efficacy
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of the adding pembrolizumab (200 mg every 3 weeks for
2 years) to platinum-doublet chemotherapy (carboplatin
and pemetrexed for four cycles followed by pemetrexed
maintenance) in patients with advanced NSCLC with-
out targetable EGFR or ALK genetic aberrations [31].
Although at least 32% of patients in the chemotherapy
arm crossed over to receive pembrolizumab monother-
apy with progression, as allowed by the study protocol,
the combination arm showed an improved response
rate (55% vs. 29%; p = 0.0016) and PFS (13 months vs. 8.9
months; HR, 0.53; p = 0.0102) compared to chemother-
apy alone. However, grade 3 to 4 treatment-related AEs
were higher in the combination arm (39% vs. 26%), but
treatment-related AEs were similar in both arms (10%
vs. 13%). Furthermore, the proportion of patients who
achieved an objective response was similar in patients
with PD-L1 expression < 1% and those with a score of
= 1%. Despite the small randomized phase II trial, this
combination therapy was approved by the FDA given
its robust results. The confirmatory randomized phase
3 KEYNOTE-189 (NCT02578680) has been published
[32]. In this study, 616 patients with metastatic NSCLC
without EGFR or ALK mutations who have not received
previous treatment were randomized in a 2:1 ratio to
receive pemetrexed and a platinum-based drug plus
either 200 mg of pembrolizumab or placebo every 3
weeks for four cycles. This was followed by pembroli-
zumab or placebo for up to 35 cycles plus pemetrexed
maintenance therapy. This study met the primary end-
point of OS. The estimated OS rate at 12 months was
69.2% (95% CI, 64.1 to 73.8) in the pembrolizumab arm
versus 49.4% (95% CI, 42.1 to 56.2) in the placebo arm
(HR, 0.49; p < o.001). Of note, OS improved regardless of
PD-L1 expression. Median PFS was 8.8 months (95% CI,
7.6 to 9.2) in the pembrolizumab arm versus 4.9 months
(95% CI, 4.7 to 5.5) in the placebo arm (HR, 0.52; p < 0.001).
No significant difference in AEs was observed. These
results are remarkable and confirmed the results of a
previous phase II study, resulting in a new standard of
care first-line therapy to treat NSCLC. KEYNOTE-407
(NCTo02775435), 2 randomized double-blind phase 3
study of carboplatin-paclitaxel/Nab-paclitaxel chemo-
therapy with or without pembrolizumab for first-line
metastatic squamous NSCLC also showed a significant
improvement in OS in patients treated with the pem-
brolizumab combination (15.9 months vs. 11.3 months;
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HR, 0.64).

The IMpower 150 study is a randomized phase 3 trial
comparing atezolizumab/carboplatin/paclitaxel ver-
sus atezolizumab/carboplatin/paclitaxel/bevacizumab
versus carboplatin/paclitaxel/bevacizumab as first-line
therapy in patients with non-squamous NSCLC [33].
An interim analysis of the two arms (atezolizumab/
carboplatin/paclitaxel/bevacizumab vs. carboplatin/
paclitaxel/bevacizumab) demonstrated a median PFS
of 8.3 months (95% CI, 7.7 to 9.8) in the atezolizumab/
carboplatin/paclitaxel/bevacizumab arm versus 6.8
months (95% CI, 6.0 to 7.1) in the carboplatin/pacl-
itaxel/bevacizumab arm (HR, 0.617; p < o.0001). The
preliminary OS was 19.2 months (95% CI, 16.8 to 26.1)
in the atezolizumab/carboplatin/paclitaxel/bevacizum-
ab arm versus 14.4 months (95% CI, 12.8 to 17.1) in the
carboplatin/paclitaxel/bevacizumab arm (HR, 0.775; p =
0.0262). More interestingly, the subgroup of patients
with an EGFR/ALK mutation or liver metastasis showed
more benefit from the atezolizumab/carboplatin/pa-
clitaxel/bevacizumab combination (OS [not reached
vs. 17.5 months for an EGFR/ALK mutation; HR, 0.54]
[13.2 months vs. 9.1 months for liver metastasis; HR,
0.54]). Other combination trials, including IMpower
132 (NCT02657434), IMpower 130 (NCT'02367781), and
IMpower 131 (NCT'02367794) are ongoing and awaiting
final results [34]. The use of immune CPIs as first-line
therapy in NSCLC will evolve rapidly in the coming
months and years as new trial results are released.

ADJUVANT/CONSOLIDATION TREATMENT

Adjuvant chemotherapy is currently recommended for
patients with resected stages II and III. However, the
absolute 5-year benefit is only 5% [35]. Therefore, prom-
ising new strategies to improve the outcome of adju-
vant chemotherapy are needed. Immune checkpoint
inhibitors may be a good option as adjuvant, neoadju-
vant, or consolidative treatments for patients with early
stage NSCLC because, hypothetically, they may work
optimally in the context of minimal residual disease.
PEARLS (NCTo2504372) is a currently ongoing ran-
domized phase 3 trial to assess the benefit of pem-
brolizumab for patients with completely resected stage
IB-IITA NSCLC [36]. Eligible patients received pem-
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brolizumab (200 mg every 3 weeks for a maximum of
18 doses) or placebo after complete resection, followed
by standard adjuvant chemotherapy. The co-primary
endpoints are disease free survival in the PD-L1 strong
positive subgroup and in the overall population. ANVIL
(NCT02595944) is the newest of the Adjuvant Lung Can-
cer Enrichment Marker Identification and Sequencing
Trial (ALCHEMIST) studies investigating adjuvant
nivolumab (240 mg intravenously every 2 weeks for up
to 1 year) either before or after surgical resection in
patients with pathologically confirmed stage IB-IITA
NSCLC [37]- Adjuvant therapy is allowed but not re-
quired. Patients are stratified by PD-L1 status (= 1% or
< 1%). Co-primary endpoints are OS and disease free
survival. In the TOP1201 trial, a prospective phase 2
study, the safety and feasibility of using neoadjuvant
chemotherapy plus ipilimumab followed by surgery as
a treatment strategy for stage II-IITA NSCLC was prov-
en [38]. Among 13 patients treated with preoperative
chemotherapy and ipilimumab followed by surgery,
the most frequent complications were prolonged air
leak (15%) and a urinary tract infection (15%). There was
no apparent increased occurrence of adverse surgical
outcomes for patients who also were administered ip-
ilimumab compared to patients receiving standard of
care neoadjuvant chemotherapy alone. Although the
role of adjuvant treatment has not yet been proven and
it is unclear whether there are differences in efficacy
according to expression of biomarkers, such as PD-Lz,
immune checkpoint inhibitor is expected to bring clin-
ical benefits with few toxicities.

The results of consolidation therapy in patients with
locally advanced, unresectable NSCLC are interesting.
In the PACIFIC (NCTo02125461) trial [39], 709 patients
with stage III NSCLC who did not have disease pro-
gression after two or more cycles of platinum-based
chemoradiotherapy received consolidation therapy (473
received durvalumab and 236 received placebo). The
median PFS was 16.8 months (95% CI, 13.0 to 18.0) with
durvalumab versus 5.6 months (95% CI, 4.6 to 7.8) with
placebo (HR, 0.52; 95% CI, 0.42 to 0.65; p < 0.001). The
median time to death or distant metastasis was also sig-
nificantly longer in patients treated with durvalumab
than in patients treated with placebo (23.2 months vs.
14.6 months; p < 0.001), and safety was similar between
the groups. Immune checkpoint inhibitor are expected
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to improve disease free survival of patients with locally
advanced stage II and III NSCLC, as shown in patients
with advanced or recurrent NSCLC.

CONCLUSIONS

Several CPIs, such as nivolumab, pembrolizumab, and
atezolizumab, are recommended as second- or third-
line therapy in patients with advanced NSCLC who fail
platinum-based chemotherapy. Given the OS advantage
and fewer side effects related to CPIs, it is reasonable
to treat patients with CPIs. Four treatment options can
be considered as first-line treatments for NSCLC. Pem-
brolizumab monotherapy in patients with NSCLC with
at least = 50% PD-L1 expression; pembrolizumab plus
pemetrexed/platinum chemotherapy regardless of PD-
L1 expression for non-squamous NSCLC; atezolizumab
in combination with carboplatin, paclitaxel, and beva-
cizumab regardless of PD-L1 expression for non-squa-
mous NSCLC; and pembrolizumab plus carboplatin/
paclitaxel or nab-paclitaxel in squamous NSCLC. How-
ever, it remains unknown whether pembrolizumab
plus chemotherapy is always better than pembrolizum-
ab monotherapy in patients who express high levels of
PD-Li1. Therefore, we need additional biomarkers to
select patients who can benefit from pembrolizumab
monotherapy and avoid cytotoxic chemotherapy as
well as to reduce side effects related to chemotherapy
and treatment cost. Based on the IMpower 150 study, a
greater benefit was observed in patients with an EGFR/
ALK mutation or liver metastasis treated with atezoli-
zumab in combination with carboplatin, paclitaxel, and
bevacizumab compared to those treated with carbopla-
tin, paclitaxel, and bevacizumab. A confirmatory phase
3 trial is warranted given the subgroup analysis results.
The combination of ipilimumab plus nivolumab in
patients with a high TMB is another option as a first-
line therapy. Patients with high TMB but low PD-L1
when treated with a combination of ipilimumab plus
nivolumab achieved more than 40% PFS at 12 months
and the response was quite durable, which is encour-
aging. This combination might be tolerable consid-
ering that the discontinuation rate due to AEs in the
ipilimumab plus nivolumab combination arm was
17%. However, only PFS data are currently available;
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thus, complete OS results are awaited. Furthermore,
the Kaplan-Meier PFS curves still crossed in the first
3 to 6 months even in patients with high TMB treated
with ipilimumab plus nivolumab compared to chemo-
therapy, suggesting that an additional novel approach
is needed to improve treatment outcomes of patients
with early progression. Although the results are quite
promising, several issues remain unresolved for practi-
cal use of TMB as a biomarker in clinical practice. The
platform to analyze TMB varies and the high/low cut-
off value of TMB has not been standardized. The tissue
availability for the TMB test might be another issue
and turn-around time should also be improved.

PD-L1 expression and TMB are considered useful
biomarkers to select patients who are most likely to
benefit from CPIs, but other biomarkers, such as im-
mune gene signatures, non-invasive biomarkers, and
the gut microbiome, should be further investigated,
but are not within the scope of this review. Consolida-
tion of durvalumab after concurrent chemoradiother-
apy significantly improved OS in patients with locally
advanced NSCLC. Treatment duration in this study
was only 12 months; thus, it is still unknown whether
a longer duration of treatment > 12 months provides
additional benefit. In addition, concurrent treatment
of CPIs with chemoradiotherapy might be better than
consolidation therapy, but may increase AEs from the
concurrent approach. Ongoing clinical trials will pro-
vide evidence in the near future.

A number of immunotherapy trials are ongoing. As
the options for patients increase, our understanding
of how best to integrate immunotherapy into lung
cancer treatment will continue to evolve in the next g
to 10 years with new trial results. Although immune
check point inhibitors have significantly improved OS
and showed a durable response, several issues remain,
including identifying predictive biomarkers and resis-
tance mechanisms, determining treatment strategies
to overcome resistance, and identifying combination
strategies to maximize efficacy. Further collaboration
between clinicians and basic scientists is needed to
solve these issues.
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