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Abstract: Non-small-cell lung cancer (NSCLC) is a major health burden, and novel therapeutic options are needed to help solve this
problem. One such option is immunotherapy, which targets immune checkpoint molecules that inhibit cancer cells, decreasing immune
system activation, for example, immunotherapies target PD-1, its ligand PD-L1, and CTLA-4. There have been major advances in the
development of agents that inhibit these molecules, called immune checkpoint inhibitors, and several of them are already approved for
usage in NSCLC patients, especially in advanced stages. In this review, the reasons why immune checkpoint inhibitors could be
beneficial and the clinical results of studies using these drugs for advanced or recurrent NSCLC patients are discussed, as is the safety
profile of the drugs.
Keywords: non-small cell lung cancer, immune checkpoint inhibitors, PD-1, PD-L1, CTLA-4

Introduction
Lung cancer is one of the most prominent causes of mortality and morbidity in the world; in 2018, there were estimated to be
more than 2 million new cases and 1.7 million deaths caused by lung cancer alone, showing how much of a burden this
terminal condition remains.1 One of the main forms of lung cancer is non-small-cell lung cancer (NSCLC), which accounts
for approximately 85% of all lung cancer cases and is classified by the WHO into three different classes: adenocarcinoma,
squamous cell carcinoma, and large-cell cancer.2,3 Current treatment options for NSCLC consist of resection with adjuvant/
neoadjuvant chemotherapy in the early stages, while treatment options are more limited in the later stages.4 Importantly,
novel therapeutic options for this condition have emerged in the past decade. For example, immunotherapy targets immune
checkpoints that regulate proper immune responses to pathogenic agents such as cancer cells.5 In this review, we will
discuss the molecular mechanisms of available immunotherapies and the rationale for their use in NSCLC. Furthermore, we
will detail each of the immunotherapy drugs and discuss their efficacy and potential side effects in various clinical studies
already conducted throughout the world. Finally, we will also mention other possible immune checkpoint inhibitors
currently undergoing clinical development, as well as other potential therapeutic targets in the future.

Immune Checkpoints in Cancers
As an important system protecting the human body from pathogens and/or malignancies, the immune system plays an
important role in preventing malignancies from spreading and affecting various locations.6,7 However, the ability of
cancer cells to evade and/or limit immune responses, even though the immune system considers the cells foreign to the
body, has been a major challenge in devising a treatment strategy.8 This immune evasion mechanism in cancer cells could
be even more problematic, due to the fact that aberrant immune system activity can also lead to a direct increase in the
growth capacity of cancer cells and modification of the tumor microenvironment, both of which can contribute to worse
tumor malignancy.8,9 Several possible explanations that could cause this phenomenon include downregulation of antigen-
presenting mechanisms, development of tumor tolerance in tumor-specific T cells, and immune checkpoint upregulation
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in the tumor microenvironment that enables the uncontrolled and exponential growth of cancer cells.9,10 The concept of
immune checkpoints and its inhibitors are summarized in Figure 1.

Immune checkpoints have recently gained considerable popularity as therapeutic targets in various form of cancers,
including those in the lung.11,12 These immune checkpoints work to limit the duration and level of the responses of T cells that
are dependent on T cell receptor (TCR) signaling during pathological conditions such as infection.13 However, this
phenomenon can also paradoxically benefit cancer cell growth and development because it can limit the anticancer responses
of T cells.13 Two major molecules have been identified as immune checkpoint regulators during T cell activation: PD-1
(programmed cell death protein 1), a type-I transmembrane receptor expressed in T cells; and CTLA-4 (cytotoxic
T lymphocyte-associated protein 4), a receptor protein widely expressed in T cells and B cells.13 The activation of naïve
T cells in lymphoid tissue requires two events to occur; the first is the presentation of major histocompatibility complex-bound
antigenic peptide by antigen-presenting cells (APCs) to the TCRs of naïve T cells. The second event is a costimulatory signal
in the form of the binding of CD28 on T cells with CD80/86 on APCs.14 To limit the overactivation of T cells, CTLA-4, also
known as CD152, becomes upregulated on the activated T cell surface and binds to CD80/86, acting as a means to switch off
the interaction and subsequent signaling of APCs and T cells while inhibiting the secretion of IL-2.15 This process is possible
because CTLA-4 has homology with CD28 but greater affinity and avidity for CD80 and CD86, as such, it can compete with
CD28 for binding CD80/86 and induce activation of a myriad of intrinsic and extrinsic pathways that lead to cell cycle arrest
(related to the previously mentioned inhibition of activation and proliferation of T cells).15,16 CTLA-4 can also be found in
regulatory T cells (Tregs), in which it exerts inhibitory effects that are similar to those it induced in other T cells.17

Whereas CTLA-4 inhibits the early activation and proliferation of T cells, PD-1, also known as CD279, is upregulated
in the later phase of T cell activation. Similar to CTLA-4, PD-1 also has a homology with CD28, but it will instead bind
to a specific ligand called PD-L1 (CD274), which is highly expressed on the surface of cancer cells and is cleverly
utilized by these cells to evade and inhibit antitumor immune responses.18,19 Of note, the PD-L1 expression level has also
been used as a biomarker in various cancers, including NSCLC.20 In addition, another ligand for PD-1, called PD-L2
(CD273), also exists in several types of tumor cells, although until now its exact role has not been studied as well as the
role of PD-L1 has been.21 Stimulation of PD-1 inhibits further T cell responses via activation of protein tyrosine
phosphatases, more specifically, SH2-containing phosphatase 2 (SHP2).22 This signaling is first mediated by the
phosphorylation of PD-1 at the immune receptor tyrosine-based inhibitory motif (ITIM) and immune receptor tyrosine-
based switch motif (ITSM), which subsequently bind to the Src homology 2 (SH2) domains of SHP2. This signaling
cascade will result in the inactivation of T cells.22,23 Furthermore, since PD-1 is also expressed to a certain degree in
various other immune cells, such as B cells and macrophages, it has been suggested that PD-1 has a broad negative effect
on immune responses in general, and its effect might not be limited to T cells only.24 These important findings regarding
the mechanisms surrounding immune checkpoints in cancer, as illustrated in Figure 1, led to the increased interest in
targeting the aforementioned checkpoint molecules as a novel treatment strategy.

Immunotherapy Targeting Immune Checkpoints in Advanced NSCLC
Many major clinical trials have been conducted for immune checkpoint inhibitors (ICIs) that target major immune
checkpoint molecules previously mentioned, such as PD-1, PD-L1, and CTLA-4. From these trials, there have fortu-
nately been numerous encouraging results that have resulted in some of the ICIs already receiving approval for use in
NSCLC by the FDA and EMA. The list of ICI agents that have been studied for use and their current status in NSCLC
and/or other cancers are briefly summarized in Table 1, and the list of Phase III trials conducted for ICIs in advanced
NSCLC patients is summarized in Table 2. The inhibitors studied will be explained in detail in the sections below. Of
note, this review will specifically discuss inhibitor agents that have been approved for usage in advanced NSCLC or are
currently undergoing clinical trials for NSCLC treatment.

PD-1 Inhibitor for Advanced NSCLC
The PD-1 protein is a very popular research topic, and there is currently an exponential growth in the number of studies
geared at developing inhibitors of the PD-1 pathway.11,12 Several agents inhibiting either PD-1 or its known ligand PD-L1
have been approved as a therapeutic option for NSCLC treatment by the FDA or EMA. However, an important point to
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Figure 1 Schematic overview of immune checkpoints in NSCLC and ICI agents targeting specific immune checkpoint molecules. APC, antigen-presenting cell; TCR, T cell
receptor; MHC, major histocompatibility complex; PD-1, programmed cell death protein-1; PD-L1, programmed cell death protein ligand 1; CTLA-4, cytotoxic
T lymphocyte-associated protein 4.
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consider when analyzing the result of PD-1 inhibitor agents’ clinical trials is that many of these trials did not include
patients with known EGFR or ALK alterations in their study besides IMpower-130 and IMpower-150. One prominent
example of a widely studied ICI is the PD-1-targeting agent nivolumab. Nivolumab is a humanized immunoglobulin G4/
IgG4 monoclonal antibody against PD-1 that inhibits its interaction with its ligands PD-L1 and PD-L2.25 Several clinical
trials have assessed the efficacy and safety profile of nivolumab in NSCLC with varying degrees of success. One of the first
phase III trials that assessed the efficacy of nivolumab in NSCLC was the CheckMate-026 phase III trial, which analyzed
the efficacy of nivolumab administered as monotherapy in stage IVor recurrent NSCLC patients with PD-L1 levels ≥1%.26

Unfortunately, the initial results for nivolumab were not promising, where there was no difference in the progression-free
survival rate and overall survival rate between the nivolumab-treated group and platinum-based chemotherapy group.
Regardless, there was a considerably lower rate of treatment-related adverse events in the nivolumab-treated group than in
the chemotherapy group, especially the rate of serious adverse events (17% in the nivolumab group compared to 50.6% in
the chemotherapy group).26 Furthermore, the progression-free survival rate in the nivolumab-treated patient population

Table 1 Currently Available Immune Checkpoint Inhibitors and Its Current Clinical Status

Drug Description Status

Anti PD-1

Nivolumab IgG4 monoclonal antibody anti PD-1 Approved by FDA and EMA

Pembrolizumab IgG4 monoclonal antibody anti PD-1 Approved by FDA and EMA

Cemiplimab Human IgG4 monoclonal antibody anti PD-1 Approved by FDA and EMA for NSCLC with PD-L1 TPS (Tumor Proportion Score) level ≥50%

Sintilimab Monoclonal antibody anti PD-1 Completed phase 3 Clinical Trial for NSCLC

Tislelizumab IgG4 monoclonal antibody anti PD-1 Completed phase 3 Clinical Trial for NSCLC

Camrelizumab IgG4 monoclonal antibody anti PD-1 Completed phase 3 Clinical Trial for NSCLC

Toripalimab Humanized anti PD-L1 monoclonal antibody Ongoing phase 3 Clinical Trial for NSCLC; other cancer.

Retifanlimab Humanized anti PD-L1 monoclonal antibody Ongoing phase 3 Clinical Trial for NSCLC; metastatic non-squamous NSCLC/squamous NSCLC

Spartalizumab IgG4k monoclonal antibody anti PD-1 Completed phase 2 Clinical Trial for NSCLC; Ongoing phase 3 in Melanomas

Dostarlimab IgG4 monoclonal antibody anti PD-1 Ongoing phase 2 Clinical Trial for NSCLC; SCLC; Stage III Lung Cancer AJCC

CT-001 Humanized monoclonal antibody anti PD-1 Ongoing phase 2 for Multiple myeloma; Completed phase 2 on Lymphoma, etc.

MEDI0680 IgG4 monoclonal antibody anti PD-1 Completed Phase 1 and 2 Clinical Trial for Relapsed/refractory aggressive B-cell lymphomas; clear

cell renal cell carcinoma; renal cancer

Zimberilimab

(AB122)

Monoclonal antibody anti PD-1 Ongoing phase 1 and 2 on NSCLC PD-L1 positive

AMP-224 IgG4 monoclonal antibody anti PD-1 Completed phase 1 Clinical Trial for colorectal carcinoma

SSI-361 IgG4 monoclonal antibody anti PD-1 Completed pre-clinical research step

Anti PDL-1

Atezolizumab IgG1 humanized anti PD-L1 monoclonal

antibody

Approved by FDA and EMA

Durvalumab IgG1k monoclonal antibody anti PD-L1 Approved by FDA and EMA

Avelumab Human IgG1 monoclonal antibody anti

PD-L1

Approved by EMA

Envafolimab anti PD-L1 Ongoing phase 2 and 3 for other cancer than NSCLC

Cosibelimab anti PD-L1 Ongoing phase 3 for metastatic NSCLC

AUNP-12 anti PD-L1 Unknown

CA-170 Selective small molecul anti PD-L1 Completed phase 1 on Advanced Solid Tumor Lymphomas

LY3300054 Fully human IgG1λ monoclonal antibody anti
PD-L1

Ongoing phase 1 Solid Tumor

Anti-Cytotoxic T-lymphocyte Antigen 4 (CTLA-4)

Ipilimumab Fully humanized IgG1 monoclonal antibody

anti CTLA-4

Approved by FDA and EMA

Tremelimumab Monoclonal antibody anti CTLA-4 Completed phase 3 Clincal Trial for NSCLC; Small Cell Lung Carcinoma Extended Disease
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with a high tumor mutation burden was higher than that in the chemotherapy group, indicating that there is an important
place for nivolumab monotherapy in NSCLC treatment.26,27

Nivolumab alone has not been approved as a first-line therapy, but the combination of this drug and ipilimumab
(an agent targeting another immune checkpoint, CTLA-4, which will be discussed later) has shown good effects and
this combination therapy is currently being used in the clinical setting.28 An important trial that confirmed the
efficacy of nivolumab combined with ipilimumab is the CheckMate-227, where NSCLC patients (notably including
squamous NSCLC) nivolumab and ipilimumab combination was compared with nivolumab-only (in PD-L1 ≥1%
group) or nivolumab + chemotherapy (in PD-L1 <1% group) and chemotherapy-only treatment regimens. Overall
survival and duration of response was significantly improved in the nivolumab + ipilimumab treatment arm in the two
different PD-L1 level groups that were analyzed, with comparable grade 3 or 4 adverse effect occurrence rate with
the chemotherapy-only group.28 In addition, in another CheckMate trial, the CheckMate-9LA, patients were rando-
mized to a nivolumab and ipilimumab treatment with additional two cycles of histology-based platinum doublet
chemotherapy or four cycles of chemotherapy only, and this trial found significant improvements in overall survival,
progression-free survival, and objective response rates.29 Further, 2-year follow-up data confirmed the effect of this
combination therapy, with a 2-year overall survival rate of 38% in the nivolumab + ipilimumab + chemotherapy
group compared to 26% in chemotherapy. Similar improvement could also be found in 2-year progression-free
survival rate (20% in nivolumab + ipilimumab + chemotherapy vs 8.8% in chemotherapy only) and 2-year objective
response rates (38% nivolumab + ipilimumab + chemotherapy vs 25% in chemotherapy only).30 The Nivolumab and
ipilimumab combination will also be discussed further in the ipilimumab section.

Table 2 Major Phase III Clinical Trials Conducted for the First ICIs in Advanced NSCLC (Selected)

Trial Name Therapy Regimen PD-L1 TPS Cases OS (Months) PFS (Months)

IMpower110 Atezolizumab vs platinum-based chemotherapy Any 527 (205

in high

PD-L1

group)

20.2 vs 14.7 (high PD-L1

group)

8.1 vs 5.0 (high PD-L1

group)

IMpower130 Atezolizumab+Nab-Paclitaxel+Carboplatin vs Nab-

Paclitaxel+Carboplatin

Any 723 18.6 vs 13.9 7.0 vs 5.5

IMpower131 Atezolizumab+Nab-Paclitaxel+Carboplatin vs

Atezolizumab+Paclitaxel+Carboplatin vs Nab-Paclitaxel

+Carboplatin

Any 1021 14.2 vs 12.6 vs 13.5 6.5 vs 5.6 vs 5.7

IMpower150 Atezolizumab + bevacizumab + carboplatin + paclitaxel

vs atezolizumab + carboplatin + paclitaxel vs

bevacizumab + carboplatin + paclitaxel

Any 1202 19.5 vs 19.0 vs 14.7 8.4 vs 6.3 vs 6.8

KEYNOTE-010 Pembrolizumab 2 mg/kg vs pembrolizumab 10 mg/kg vs

docetaxel

≥1% 1034 10.4 vs 12.7 vs 8.5 3.9 vs 4.0 vs 4.0

KEYNOTE-024 Pembrolizumab vs platinum-based chemotherapy ≥50% 305 26.3 vs 13.4 10.3 vs 6.0

KEYNOTE-042 Pembrolizumab vs chemotherapy ≥1% 1274 TPS≥50%: 20.0 vs 12.2,

TPS≥20%: 18.0 vs 13.0,

TPS≥1%: 16.4 vs 12.1

TPS≥50%: 6.5 vs 6.5,

TPS≥20%: 6.2 vs 6.8,

TPS≥1%: 5.5vs 6.8

KEYNOTE-189 Pembrolizumab + cisplatin/carboplatin + pemetrexed vs

Placebo + cisplatin/carboplatin + pemetrexed

Any 965 22.0 vs 10.6 9.0 vs 4.9

KEYNOTE-407 Pembrolizumab + paclitaxel/nab-paclitaxel vs Placebo +

paclitaxel/nab-paclitaxel

Any 779 17.2 vs 11.6 8.0 vs 5.1

KEYNOTE-598 Pembrolizumab + ipilumab vs pembrolizumab ≥50% 568 21.4 vs 21.9 8.2 vs 8.4

CheckMate 026 Nivolumab vs chemotherapy ≥5% 423 14.4 vs 13.2 4.2 vs 5.9

CheckMate 227 Nivolumab + Ipilumab vs chemotherapy Any 2876 PD-L1 ≥1%: 17.1 vs 14.9,

PD-L1 ŀ≤1%: 17.2 vs 12.2
PD-L1 ≥1%: 5.1 vs 5.6,

PD-L1 ŀ≤1%: 5.1 vs 4.7
CheckMate 9LA Nivolumab + Ipilumab + chemotherapy vs chemotherapy Any 1150 15.8 vs 11.0 6.7 vs 5.3

POSEIDON Durvalumab + tremelimumab + chemotherapy vs

Durvalumab +chemotherapy vs chemotherapy

Any 1013 14.0 vs 13.3 vs 11.7 6.2 vs 5.5 vs 4.8
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Another PD-1 inhibitor already approved by the FDA and EMA for the treatment of advanced or metastatic
NSCLC with positive PD-L1 expression is pembrolizumab. Mounting evidence stemming from the KEYNOTE
family of clinical trials has successfully proven the efficacy of pembrolizumab. The first notable trial of the
KEYNOTE trials, which is the phase Ib KEYNOTE-001 trial, showed that the overall survival after treatment with
pembrolizumab in the initial follow-up period was 12.0 months, with progression-free survival of 3.7 months and
objective response rate of 19.4%. A higher progression-free survival of 6.3 months and objective response rate of
45.2% could be seen in the PD-L1-high expression group (PD-L1 ≥50%).31 Encouragingly, there the 5-year overall
survival rate in the previously untreated NSCLC patient group after treatment with pembrolizumab was 23%, with
even higher result (29.6%) in the PD-L1-high expression arm.32 The subsequent phase III KEYNOTE-024 trial
revealed that there was a significant improvement in the overall survival, progression-free survival, and overall
response rates in the group of advanced NSCLC patients without any previous treatment with high PD-L1 expression
treated with pembrolizumab in comparison to the platinum-based chemotherapy group.33 Of note, there were
significantly fewer treatment-related adverse effects: the rate in the pembrolizumab-treated group (26.6%) was half
that in the chemotherapy group (53.3%). The 5-year survival rate from this trial in a follow-up data presentation
indicated a significantly prolonged median overall survival length, which doubled from 13.4 months to 26.3 months;
there was also a higher 5-year overall survival rate (31.9% in the pembrolizumab group vs 16.3% in chemotherapy
group) without notable increase in toxicity in the pembrolizumab group.34 This study, alongside other similar
previous studies, led to the approval of pembrolizumab as a monotherapy for advanced NSCLC. Building from
previous positive results found in earlier KEYNOTE studies, KEYNOTE-042 tried to explore whether it is possible to
expand the population of patients that could benefit from pembrolizumab monotherapy.35 Whereas previous studies
showed that pembrolizumab is especially effective in tumors with high PD-L1 expression, KEYNOTE-042 added
exploratory ≥50%, ≥20%, ≥1%, and ≥1–49% PD-L1 expression groups; the study found that the overall survival rate
was improved in all the groups except the ≥1–49% PD-L1 TPS group. It also found that there were fewer adverse
effects occurring in the pembrolizumab monotherapy arm compared to the chemotherapy arm (18% vs 41%).35

In addition to its efficacy as a monotherapy in NSCLC, pembrolizumab has also shown efficacy when combined with
chemotherapy. KEYNOTE-189 trial analyzed whether pembrolizumab in combination with pemetrexed and platinum-
based drugs could be beneficial for non-squamous NSCLC in comparison to chemotherapy alone.36 The study found that
the addition of pembrolizumab to the chemotherapy regimen significantly improved the overall 12-month survival rate
(69.2% for pembrolizumab-combination group vs 49.4% for placebo-combination group), median progression-free survi-
val (8.8 months for pembrolizumab-combination group vs 4.9 months for placebo-combination group), and overall survival
across various PD-L1 categories analyzed, with comparable grade III adverse event occurrence rates. This study further
confirms the overall benefit of pembrolizumab as a first-line treatment in NSCLC patients.36 The efficacy of pembrolizumab
treatment in addition to chemotherapy is further shown in its 4-year follow-up updated analysis. There, a significant
improvement in the overall survival could be seen for the pembrolizumab-combination group, where it was 22.0 months
compared to 10.6 months for the placebo group.37 Progression-free survival was also improved in the pembrolizumab-
combination group, similar to the initial analysis (9.0 months vs 4.9 months in the placebo-combination group).

KEYNOTE-407 trial provided important evidence for the use of pembrolizumab in combination with chemotherapy in
squamous NSCLC condition. In this trial, previously untreated metastatic squamous NSCLC patients were randomized to
either pembrolizumab or placebo for up to 35 cycles, with additional carboplatin and paclitaxel/nab-paclitaxel for the first
four cycles. It was found that both overall survival (15.9 months in pembrolizumab group vs 11.3 in placebo group) and
progression-free survival (6.4 months in pembrolizumab group vs 4.8 months in placebo group) were significantly improved
in the pembrolizumab-treated group.38 It should be noted that discontinuation of treatment due to adverse effect was higher in
the pembrolizumab group, although overall grade 3 or higher adverse effect occurrence rate was rather comparable between
the two groups (69.8% in pembrolizumab group vs 68.2% in placebo group).38 Further, its 3-year follow-up updated analysis
showed significant improvement in both overall survival (17.2 months vs 11.6 months) and progression-free survival (8.0
months vs 5.1 months), consistent with the initial analysis. It is notable that immune-mediated adverse event and infusion
reaction rates were higher in pembrolizumab group compared to the placebo (35.6% vs 9.3%).39
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Lastly, KEYNOTE-598 trial showed the results of combining pembrolizumab with ipilimumab in NSCLC patients
expressing high level of PD-L1 (TPS ≥50%). However, compared to the pembrolizumab-only group, the investigators did
not find significant benefit of additional ipilimumab in both overall survival (21.4 months in pembrolizumab +
ipilimumab group vs 21.9 months in pembrolizumab-only group) and progression-free survival (8.2 months in pem-
brolizumab + ipilimumab group vs 8.4 months in pembrolizumab-only group).40 Furthermore, there is an increase in
treatment-related adverse event rate in the combination group (76.2% vs 68.3%, with 35.1% vs 19.6% for grade 3–5
adverse effects).40

Given the results of the various clinical trials comparing nivolumab and pembrolizumab presented above, it is clear that
there are differences in the efficacy of PD-1 inhibitors as monotherapies. Whereas nivolumab is not significantly effective in
advanced NSCLC patients with high PD-L1 expression, inconsistent efficacy of pembrolizumab in treating NSCLC with
high PD-L1 expression has been observed. An explanation for this unique phenomenon remains to be identified, but
interestingly, several studies have not found any significant difference in progression-free survival between nivolumab and
pembrolizumab, although in one study, there was a higher overall response rate in the pembrolizumab group.41 However, in
the combination therapy setting, when comparing between the results of KEYNOTE-598 and CheckMate 9LAwhich both
in similar PD-L1 TPS ≥50% but with different combination (nivolumab + ipilimumab for CheckMate 9LA and pembro-
lizumab + ipilimumab for KEYNOTE-598) showed differing effects, where the nivolumab + ipilimumab combination
showed efficacy in treating the high PD-L1 NSCLC patient population. This result was not achieved by the pembrolizumab
+ ipilimumab combination in KEYNOTE-598, thus furthering the controversy in the choice between the two PD-1
inhibitors.29,40 Thus, it is still unclear whether anti-CTLA4 antibody should be used in combination with PD-1 inhibitor
for patients with high levels of PD-L1 considering the risks and benefits. The use of an approved predictive biomarker such
as the widely used PD-L1 level is important in determining which patients could benefit the most from the addition of
immunotherapy and which patients might not achieve desirable responses to therapy.20,42

Agents that are currently in clinical trials as PD-1 inhibitors for advanced NSCLC treatment include pidilizumab/CT-
011 (anti-PD-1 IgG1 monoclonal antibody), the Phase II trial of which has been completed; spartalizumab (humanized
anti-PD-1 IgG4 monoclonal antibody), the phase II trial in NSCLC of which has been completed; dostarlimab (anti-PD-1
IgG4 monoclonal antibody), which is being tested in an ongoing phase II trial; camrelizumab (a high-affinity, humanized,
anti-PD-1 IgG4-κ mAb), the phase III trial in NSCLC of which has been completed; sintilimab (human IgG4 monoclonal
antibody against PD-1), which has finished its phase III trial; and tislelizumab, which also have been tested in similar
phase III trials, among other agents.43–45 It is hoped that with the rapid development of various agents to inhibit PD-1,
there will be a wide range of patient populations that can receive beneficial effects from this treatment option.

PD-L1 Inhibitors in Advanced NSCLC
In addition to targeting PD-1, agents that target the ligand PD-L1 have also been approved for treatment in advanced
NSCLC. An example of a PD-L1 inhibitor that has been approved for use in NSCLC is atezolizumab, which was
supported by the success of the phase II BIRCH and POPLAR trials, in addition to the phase III OAK trial results in
previously treated advanced NSCLC and IMpower series of trials that established atezolizumab as a first-line treatment
for advanced NSCLC. The results of these trials showed varying degrees of improvement in progression-free survival
and overall survival rate, among other factors, with favorable serious adverse event occurrence rates between the
atezolizumab-treated and nontreated groups.46–49 Adverse effects of atezolizumab include anemia, hyponatremia and
hyperkalemia. As with other ICIs, atezolizumab can be used not only as a monotherapy but also in combination with
chemotherapy.50 IMpower130 trial, among other trials, has shown that when combined with carboplatin and nab-
paclitaxel chemotherapy treatment regimens, atezolizumab shows a superior overall survival rate (18.6 months with
atezolizumab compared to 13.9 months without) and median progression-free survival (7 months with atezolizumab vs
5.5 months without).50 However, there was an increase in treatment-related adverse effects in the atezolizumab-treated
group (24% vs 13% without atezolizumab), with the most common high-grade adverse effect being neutropenia. Another
important atezolizumab trial to mention is the IMpower-150, which in its final analysis showed a significant improvement
of overall survival when additional atezolizumab treatment was administered in addition to bevacizumab and chemother-
apy in metastatic non-squamous NSCLC.51 IMpower 150 is a trial that incorporated sensitizing EGFR mutation patients,
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and in this exploratory group, this trial revealed that improved overall survival in the atezolizumab + bevacizumab +
chemotherapy arm compared to bevacizumab + chemotherapy group (29.4 months vs 18.1 months). However, a similar
improvement could not be observed when patients were treated with atezolizumab alone (19.0 months in atezolizumab +
chemotherapy group vs 18.1 months in bevacizumab + chemotherapy group).52 These findings show that atezolizumab
has efficacy in treating advanced NSCLC in a combination setting with bevacizumab + chemotherapy.

Another example is durvalumab, a human IgG1 monoclonal antibody targeting PD-L1.53 Durvalumab is currently
approved by the FDA and EMA in stage III NSCLC at a dose of 10 mg/kg every 2 weeks or 1500 mg every 4 weeks. The
PACIFIC trial confirmed the efficacy of durvalumab in NSCLC, showing a significantly increased survival rate in the
treatment arm with comparable stage 3 or 4 adverse effect rates in the treatment and placebo groups.53 Durvalumab has
also been studied in combination with the CTLA-4 inhibitor tremelimumab, which has already received approval by the
FDA and EMA. This combination will also be discussed later in the CTLA-4 inhibitor section.54 An important trial that
analyzed the importance of durvalumab is the POSEIDON trial, which examined the effect of Durvalumab in combina-
tion with chemotherapy compared to chemotherapy alone or when durvalumab + chemotherapy were additionally
combined with tremelimumab. In the trial that enrolled both squamous and non-squamous NSCLC patients, it was
found that the durvalumab + tremelimumab combination in addition to chemotherapy had superior overall survival (14.0
months vs 11.7 months in chemotherapy-only) and progression-free survival (6.2 months vs 4.8 months in chemotherapy-
only) compared to chemotherapy alone. This trial showed the efficacy of durvalumab when combined with tremelimu-
mab in advanced NSCLC.

Another agent inhibiting PD-L1 is avelumab. Avelumab is a human monoclonal antibody against PD-L1 already
approved for the treatment of Merkel cell carcinoma, renal cell carcinoma and urothelial carcinoma, among other
cancers.55 In the treatment of NSCLC, avelumab has shown its efficacy in the phase III JAVELIN Lung 200 trial, an
open-label, randomized trial involving 792 advanced-stage NSCLC patients already receiving platinum-based therapy
who were evenly divided into avelumab treatment and docetaxel treatment groups.56 The mean overall survival rate in
the group that received a 10 mg/kg dose of avelumab every 2 weeks was not significantly improved compared with that
in the docetaxel group (11.4 months in avelumab group vs 10.3 in docetaxel group); however, favorable results were
obtained with avelumab in terms of its favorable safety profile in comparison to docetaxel: serious treatment-related
adverse events only occurred in approximately 9% of the avelumab-treated patients in comparison to 21% of the
docetaxel-treated patients.56 Adverse events of avelumab treatment include infusion-related reactions and increased
lipase. Overall, more studies are warranted to confirm the efficacy of avelumab in NSCLC and to establish its usefulness
as a treatment option.

Similar to the wealth of PD-1 inhibitors currently undergoing clinical trials, several PD-L1 inhibitors are currently
being studied in clinical trials for use in NSCLC treatment. These agents include cosibelimab, which is currently being
tested in phase III trials for metastatic NSCLC and LY3300054, a fully human IgG1λ monoclonal anti-PD-L1 antibody
currently being tested in Phase I trials for solid tumors. Future advances in PD-L1 inhibitor development are eagerly
awaited to enrich the treatment options for NSCLC. One last important point to note is that there is a striking difference
in the incidence of severe adverse events between PD-1 and PD-L1 inhibitors: several PD-L1 inhibitors have shown
significantly lower rates of severe adverse events, most notably immune-related adverse events such as pneumonitis, in
comparison to PD-1 inhibitors. This phenomenon is yet another important aspect to consider when choosing between
these two types of ICIs in the clinical setting.57,58

CTLA-4 Inhibitors in Advanced NSCLC
As mentioned previously, targeting CTLA-4 can prevent the activation and proliferation of T cells in the early stages of
their activation via its prevention of CD28 binding to the CD80/CD86 ligands in addition to preventing IL-2 secretion;
this is theoretically a very promising strategy to ensure the availability of active immune cells for fighting cancer cells
and preventing cancer progression.16 However, in comparison to the high numbers of PD-1 and PD-L1 inhibitors, the
number of agents targeting CTLA-4 and its signaling pathway is limited. Two drugs that are known to act on CTLA-4,
ipilimumab and tremelimumab, are currently being tested in various clinical trials to confirm its efficacy in NSCLC
patients.57 These two drugs have previously been approved by the FDA for the treatment of metastatic melanoma and, in
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the case of ipilimumab, are also approved by the FDA and EMA for the treatment of NSCLC in combination with the
aforementioned nivolumab. In general, it is thought that by inhibiting CTLA-4, it could act as a brake that prevents the
activation of Tregs, and as a consequence, conventional T cells will be released via blockade of the CTLA-4−B7
interaction. Additionally, it could also induce the depletion of target CTLA-4-expressing cells (such as the aforemen-
tioned Tregs) via antibody-dependent cell-mediated cytotoxicity and complement-dependent cytotoxicity.17 It is widely
thought that ipilimumab and tremelimumab exhibit their clinical effects via these signaling pathways.59

A notable CTLA-4 inhibiting agent currently approved for clinical use is ipilimumab. Ipilimumab is a well-known
inhibitor of CTLA-4 and has been approved for use in combination with the anti-PD-1 agent nivolumab in NSCLC.28

Ipilimumab is a recombinant human IgG1κ monoclonal antibody capable of binding to CTLA-4 to prevent its interaction
with CD80 and CD86 in inhibiting T cell activation and proliferation.60 Ipilimumab was originally analyzed in
unresectable or metastatic melanoma with progression after treatment with standard therapy, in which 3 mg/kg
intravenous infusion administered every 3 weeks for four doses showed efficacy in increasing the overall survival
rate.60 Ipilimumab has been approved by the FDA and EMA for the treatment of NSCLC in combination with the PD-1
inhibitor nivolumab at a 1 mg/kg dose every 6 weeks. As previously mentioned, CheckMate-227 compared the
ipilimumab plus nivolumab dual ICI treatment combination, nivolumab monotherapy, and chemotherapy (with patients
divided evenly into subgroups with PD-L1 expression >1% and <1%) found that the dual ICI treatment combination with
ipilimumab and nivolumab effectively improved the mean overall survival duration of the patients (17.1 months in the
ipilimumab and nivolumab-treated group vs 14.9 months in the chemotherapy group in the PD-L1-high subgroup; 17.2
months in the ipilimumab and nivolumab-treated group vs 12.2 months in chemotherapy group in the PD-L1-low
subgroup).28 Of note, this efficacy is found regardless of the PD-L1 expression level. In updated data, the 4-year overall
survival rate was also improved in the dual ICI group compared with the chemotherapy group (37.0% vs 20.0%).28 In
CheckMate-9LA study, among patients with brain metastasis, intracranial efficacy was improved with ipilimumab +
nivolumab + chemotherapy vs chemotherapy, consistent with systemic efficacy. Overall, there is a real hope that targeting
both major immune checkpoint pathways (the PD-1 and CTLA-4 pathways) could serve as a promising strategy for
future therapies, although an increase in the risk of pneumonitis, skin rash, hypothyroidism and colitis in the ipilimumab
combined with the PD-1 inhibitor group compared to the PD-1 inhibitor monotherapy was also found.28,40

Another recently developed CTLA-4 inhibitors is the novel agent tremelimumab. Similar to ipilimumab, which is also
an IgG2 monoclonal anti-CTLA-4 antibody that binds to CTLA-4 to prevent its binding to CD86 and CD80, it is
currently being tested in a Phase 3 trial for use in NSCLC, and it has also been studied in combination with the anti-PD-
L1 antibody durvalumab, as mentioned previously.54 With linear clearance and no reported pharmacokinetic interaction
between the two inhibitors, tremelimumab is an ideal dual-checkpoint inhibitor combination agent that can be used in
a similar way to nivolumab/ipilimumab combination treatment. With that advantage in mind, the investigators of the
MYSTIC phase III trial tried to evaluate the safety and efficacy of the combination of durvalumab and tremelimumab and
compared the values with those of durvalumab or chemotherapy alone in their clinical study.54 As a result, although the
overall survival rate was not significantly improved in the general analysis of the trial, a further exploratory analysis
showed that there was a benefit of the dual-inhibitor therapy combination in patients with blood tumor mutational burden
or bMTB of ≥20 mutations per megabase, with an improvement in the overall survival rate compared to that in the
chemotherapy-only group. The most frequent adverse effects of the combination therapy included nausea, fatigue,
diarrhea, pruritus, and rash. In conclusion, although there is promise, more trials are needed to ascertain the efficacy
of tremelimumab treatment in NSCLC patients.

In addition to the obvious difference in isotype between ipilimumab (IgG1) and tremelimumab (IgG2), there are
reported differences in efficacy between ipilimumab and tremelimumab in several different types of tumors, not only in
NSCLC but also in melanoma and others. One study compared the binding properties of the two agents and found that
although the two agents have similar binding affinities, their paratopes are distinct, indicating the possible utility of
monoclonal antibodies targeting CTLA-4 in regard to its therapeutic efficacy, although more studies are needed to
confirm this finding.57 Due to the current relative dearth of anti-CTLA-4 agents in comparison to PD-1 and PD-L1
inhibitors, the development of drugs targeting this promising pathway is sorely needed to further add to the clinical
variety of immunotherapies for NSCLC treatment.
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Conclusion
Immunotherapy for non-small cell lung cancer has a central role as a therapeutic option with two clear target immune
checkpoint pathways (PD-1 and CTLA-4) that can affect the activity of the immune system in fighting cancer cells. The
strategy of inhibiting immune checkpoints using immune checkpoint inhibitors has been tested in various clinical trials
and has been shown to produce major benefits in NSCLC patients, especially those with advanced stages of disease. The
currently mentioned drugs are only the beginning for the field of ICI development. As listed in Table 1, there are many
more novel targets that are being developed with promise, such as chimeric antigen receptor (CAR) T cell therapy and
agents targeting LAG-3, TIM-3, TIGIT, B7-H3, VISTA, a PD-1 homolog, BTLA, and so on. Further basic and clinical
studies of ICIs are warranted to confirm the efficacy of the newer ICI agents as well as novel combinations of ICIs and
other therapeutic options, such as chemotherapies, in addition to confirming their safety profile in patients. The hope is
that future studies can also reveal targets for inhibiting immune checkpoints.
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