
����������
�������

Citation: Tang, S.; Qin, C.; Hu, H.;

Liu, T.; He, Y.; Guo, H.; Yan, H.;

Zhang, J.; Tang, S.; Zhou, H. Immune

Checkpoint Inhibitors in Non-Small

Cell Lung Cancer: Progress,

Challenges, and Prospects. Cells 2022,

11, 320. https://doi.org/10.3390/

cells11030320

Academic Editors: Fabrizio Marcucci

and Alessandro Poggi

Received: 19 November 2021

Accepted: 14 January 2022

Published: 19 January 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

cells

Review

Immune Checkpoint Inhibitors in Non-Small Cell Lung Cancer:
Progress, Challenges, and Prospects
Shengjie Tang 1,† , Chao Qin 1,2,† , Haiyang Hu 1,2,†, Tao Liu 1,2, Yiwei He 1, Haiyang Guo 1,3, Hang Yan 1,2,
Jun Zhang 1,2, Shoujun Tang 1,* and Haining Zhou 1,2,3,*

1 Department of Thoracic Surgery, Suining Central Hospital, An Affiliated Hospital of Chongqing Medical
University, Suining 629099, China; tsj12345tsj@gmail.com (S.T.); snchqc@gmail.com (C.Q.);
wujieyang19941010@gmail.com (H.H.); liutao521618@gmail.com (T.L.); heyiwei1232021@gmail.com (Y.H.);
haiyangguo@stu.cdutcm.edu.cn (H.G.); 15808588088yh@gmail.com (H.Y.); zhangjun202103@gmail.com (J.Z.)

2 Institute of Surgery, Graduate School, Zunyi Medical University, Zunyi 563002, China
3 Institute of Surgery, Graduate School, Chengdu University of TCM, Chengdu 610075, China
* Correspondence: shoujun_tang@nsmc.edu.cn (S.T.); haining_zhou@zmu.edu.cn (H.Z.)
† These authors contributed equally to this work.

Abstract: Non-small cell lung cancer is one of the most common types of malignances worldwide
and the main cause of cancer-related deaths. Current treatment for NSCLC is based on surgical
resection, chemotherapy, radiotherapy, and targeted therapy, with poor therapeutic effectiveness. In
recent years, immune checkpoint inhibitors have applied in NSCLC treatment. A large number of
experimental studies have shown that immune checkpoint inhibitors are safer and more effective
than traditional therapeutic modalities and have allowed for the development of better guidance in
the clinical treatment of advanced NSCLC patients. In this review, we describe clinical trials using
ICI immunotherapies for NSCLC treatment, the available data on clinical efficacy, and the emerging
evidence regarding biomarkers.

Keywords: non-small cell lung cancer; immune checkpoint inhibitors; PD-1/PD-L1; CTLA-4;
immunotherapy; biomarkers

1. Non-Small Cell Lung Cancer

Lung cancer is one of the most common malignances—annual morbidity and mortality
rates are still rising, and patient is often diagnosed at advanced stage, that the reason for the
poor progression as treatment options are limited. The International Agency for Research
on Cancer reported that the five-year survival rate of patients with lung cancers was
only 17.7% [1]. With regard to the pathological types, lung cancer can be divided into
two main subtypes: small cell lung cancer (SCLC) and non-small cell lung cancer (NSCLC).
NSCLC is further divided into several subgroups, including squamous cell carcinoma,
adenocarcinoma large cell carcinoma, and sarcomatoid neoplasms (Figure 1). Since 2004,
lung adenocarcinoma has become the most common histological cancer type diagnosed
worldwide [2], despite the incidence of lung cancer varying across different countries,
regions, and races [3]. Epidemiological studies have found that squamous cell carcinoma is
more common in men while adenocarcinoma is more common in women [4]. Therefore, it
is important to know the risk factors and mechanism of NSCLC progression and explore
better treatment options for NSCLC.

There are many risk factors in lung cancers, such as smoking, air pollution, radon
and asbestos, occupational exposure, hereditary susceptibility, hormonal and viral factors,
aging, radiation, and diet [5]. Smoking is considered as the highest risk associated with
lung cancer developing. Not only SCLC and squamous cell lung cancer are closely related
to smoking, increasing evidence shows that adenocarcinoma is also closely related to
smoking [6]. In addition, Lung cancer is related to aging to some extent. However, no
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single risk factor appears to be dominant [7]. The diversity of risk factors suggests that
people should be able to address multiple aspects in preventing lung cancer.

Figure 1. Pathological classification of lung cancer and its corresponding prevalence.

2. Tumor Immune Escape

The growth and spread of malignant tumors are a complex process that depends not
only on the characteristics of the tumor cells but is also influenced by the immune system [8],
and the occurring of immune escape is a very important step for tumorigenesis. Tumor
immune escape means tumor cells can evade immune surveillance by reprogramming
the biology of immune cells, a process also known as immune editing. The mechanism
of tumor immune escape is complex, including the involvement of multiple cells and
molecules. Among them, immune checkpoints PD-1/PD-L1, CTLA-4 play an important
role. The nature of PD-1/PD-L1, CTLA-4 is a ligand or receptor for the interaction between
tumor cells and immune cells, which serves as immunomodulatory role (Figure 2).

CTLA-4 is highly homologous to CD28 and its ligand is also CD80/CD86. The
affinity of CTLA-4 to CD80/CD86 is 20 times higher than that of CD28 to CD80/CD86.
Apparently, CTLA-4 can compete with CD28 for binding to CD80/CD86 and is more
dominant. Generally, CTLA-4 is expressed after T cell activation and its effect, so its role
is to downregulate or stop T cell activation [9]. The main reason is that the cytoplasmic
region of CTLA-4 includes an immunoreceptor tyrosine-based inhibitory motif (ITIM) that
transmits inhibitory signals. This effect weakens the immune response and contributes to
the escape of tumor cells.

PD-1, which ligands are PD-L1 and PD-L2, is expressed on the surface of T cells
shortly after their activation [10]. Binding of PD-1 on the surface of T cells to PD-L1 on
tumor cells inhibits T cell-associated kinases and prevents the development of cytotoxic
T cell responses to tumors. Thus, T cells cannot identify and kill tumor cells, leading to
the failure of cytotoxic T lymphocytes (CTLs) and causing immune avoidance [11,12]. In
addition, PD-1 binding with its ligand can inhibit the proliferation of T lymphocytes and
the production of cytokines such as IL-2 and IFN-Y, as well as inhibit the proliferation and
differentiation of B lymphocytes and the secretion of Ig, thus weakening the immune effect
of effector cells. PD-L1 is also expressed in normal tissues, but its expression is limited.
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High expression of PD-L1 results in immune escape, as in lung cancer, where PD-L1 is
expressed in 35–95% of NSCLC patients [13]. Studies have shown that the expression of
PD-L1 in NSCLC is associated with shorter survival and poor prognosis of patients [14].
Meanwhile, high expression of PD-L1 in lung cancer tissues is often accompanied by high
levels of T cell infiltration, which often means depletion of T cells and their antitumor
effects. This is the strategy used by lung cancer cells to avoid detection by immune system
surveillance and, thus, elimination [15]. Overall, the immune checkpoints PD-1/PD-L1
and CTLA-4 often weaken the efficacy of immune cells when modulating tumor immunity,
ultimately leading to tumor cell escape.

In recent years, despite the increasing number of treatment strategies for lung cancer,
almost no treatment option has limitations. For example, the more emerging targeted
agents, such as KRAS, HER2, and NTRK as targets for NSCLC, but resistance to targeted
agents in patients with advanced NSCLC remains a challenge [16]. Fortunately, the immune
checkpoints PD-1/PD-L1 and CTLA-4 provide a new and promising therapeutic strategy
for the treatment of NSCLC. In the following sections, we discuss the clinical efficacy, safety,
therapeutic strategies, challenges, and expectations of drugs related to the treatment of
NSCLC with PD-1/PD-L1 and CTLA-4 as targets.

Figure 2. Tumor immune mechanism. T cells express PD-1 and CTLA-4 on their surface. Interaction
with its ligands, PD-L1 and CD80/CD86, respectively, results in negative regulation of T cells.
Therefore, anti-PD-1/PD-L1 and anti-CTLA-4 pathway antibodies would induce an upregulation of
T cell activity.

3. ICIs Monotherapy

The immune system appears to have both tumor-suppressive and antitumor effects,
which depends on the interaction between the tumor microenvironment and the immune
system. Tumor immunotherapy is mainly based on enhancing the recognition of tumor
antigens by antigen-presenting cells (APCs) and T lymphocytes, enhancing the immune
response, relieving the inhibitory effect of immune cells, and promoting the antitumor
immune response [17]. ICIs (immune checkpoint inhibitors) are committed to relieving the
inhibitory effect of tumors on T lymphocytes, thereby enhancing the activation, prolifer-



Cells 2022, 11, 320 4 of 27

ation, and differentiation of T lymphocytes and enhancing immune function, increasing
the abundance of proteins involved in the immune response. ICIs have certain advantages
in terms of efficacy and safety and bring new hope for NSCLC treatment [18]. In the next
section, we discuss the current status of monotherapy or combination therapy based on
ICIs for the treatment of NSCLC, and we summarized important clinical trials in the field
of immune monotherapy.

3.1. Nivolumab

Nivolumab is an all-human IgG4 monoclonal antibody that targets PD-1. Nivolumab
inhibits the expression of PD-1 receptor on activated T cells by eliminating the inhibitory
signal, and the number of effector T cells is increased via induction or expansion [19].
Nivolumab is the first humanized monoclonal antibody against the PD-1 receptor approved
for marketing by the FDA, and it is also the first antibody in this class to undergo NSCLC-
related clinical trials. In July 2014, it was approved by the regulatory agency in Japan for
the treatment of unresectable melanoma. This was the first time that a PD-1 inhibitor was
approved for clinical use across the world [20].

In a randomized, open-label, international phase III study (CheckMate 057) [21],
researchers assigned patients with non-squamous non-small cell lung cancer (NS-NSCLC)
that had progressed during or after platinum-based doublet chemotherapy to receive
nivolumab at a dose of 3 mg/kg of body weight every two weeks or docetaxel at a dose
of 75 mg/m2 of body-surface area every three weeks. The results indicated that OS was
longer in the nivolumab group than in the docetaxel group. Nivolumab had a higher
one-year PFS rate than docetaxel. Grade 3 or 4 treatment-related adverse events occurred
in 10% of patients in the nivolumab group, compared to 54% in the docetaxel group. The
experimental results suggest that in patients with advanced NS-NSCLC who progressed
during or after platinum chemotherapy, the nivolumab group had a longer OS and a better
safety profile than the docetaxel group.

Similarly, another study evaluated the efficacy and safety of nivolumab versus do-
cetaxel in the patient population (CheckMate 017) [22]. The results showed that, after
patients with squamous advanced NSCLC had received preliminary treatment, regardless
of the PD-L1 expression level, the OS, response rate, and PFS were significantly increased
in the nivolumab group compared with the docetaxel group. Specifically, the median OS
was 9.2 months with nivolumab versus 6.0 months with docetaxel, the risk of death was
41% lower with nivolumab than with docetaxel.

Furthermore, another study showed that nivolumab was not significantly associated
with increased PFS (4.2 vs. 5.9 months) compared to chemotherapy in patients with
previously untreated stage IV or recurrent NSCLC with 5% or more PD-L1 expression. OS
was similar between the two groups (14.4 vs. 13.2 months). However, nivolumab has a
good safety profile compared to chemotherapy [23].

A pooled analysis of CheckMate 017 and CheckMate 057 studies showed that the
two-year OS rates with nivolumab versus docetaxel were 23% versus 8% in squamous
NSCLC and 29% versus 16% in NS-NSCLC [24]. Sustained responses were observed with
nivolumab; 10 (37%) of 27 confirmed responders with squamous NSCLC and 19 (34%) of
56 with NS-NSCLC had ongoing responses at the two-year follow-up. No patient in either
docetaxel group had an ongoing response. In the pooled analysis, the risk of death with
nivolumab versus docetaxel was lower by 28%, and the rates of treatment-related adverse
events were lower with nivolumab than with docetaxel.

Nivolumab is undoubtedly pioneering in the research of NSCLC immune monother-
apy. These data, when compared to those of previously treated patients with advanced
NSCLC, suggest that nivolumab has long-term clinical benefits and is well tolerated. There-
fore, nivolumab was proven to be effective and safe in patients with advanced NSCLC.
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3.2. Pembrolizumab

Pembrolizumab is a humanized monoclonal IgG4-κ isotype antibody that binds to the
PD-1 receptor, preventing interaction with PD-L1 and PD-L2.

KEYNOTE-001 served as the prelude to the series of pembrolizumab studies. This
study enrolled 101 treatment-naive and 449 previously treated patients, and the median
follow-up was 60.6 months. Up to the point data cutoff on 5 November 2018, 450 patients
(82%) had died, and the median OS was 22.3 months in treatment-naive patients and
10.5 months in previously treated patients. The estimated five-year OS was 23.2% for
treatment-naive patients and 15.5% for previously treated patients [25]. Pembrolizumab
monotherapy provided durable antitumor activity and high five-year OS rates in treatment-
naive patients or patients previously treated for advanced NSCLC. Notably, the five-year OS
rate exceeded 25% among patients with a PD-L1 tumor proportion score of 50% or greater.
Pembrolizumab demonstrated a tolerable long-term safety profile with little evidence of
late onset or new toxicity.

After KEYNOTE-001, a new study rewrote the NSCLC treatment landscape. KEYNOTE-
024 is the first phase III study to report the five-year efficacy of first-line immunotherapy for
advanced NSCLC. This study recently achieved breakthrough progress; after five years of
follow-up, it determined that pembrolizumab is an effective first-line treatment for patients
with PD-L1 TPS ≥ 50% of advanced NSCLC [26]. The results of the KEYNOTE-024 study
showed that in patients with PD-L1 TPS ≥ 50%, pembrolizumab first-line monotherapy
significantly improved patients PFS and reduced their disease progression by 50% as well
as significantly improved the objective response rate (ORR) (44.8% vs. 27.8%) compared to
chemotherapy. Based on the results of the KEYNOTE-024 study, the FDA approved use
of pembrolizumab for newly diagnosed advanced NSCLC patients with a ≥50% PD-L1
expression rate and no clear driver gene mutation. KEYNOTE-024 is the first monotherapy
study demonstrating the improved OS of patients with advanced NSCLC. In the past,
two-drug chemotherapy regimens or even three-drug combination regimens combined
with bevacizumab were used for this population of patients, but they failed to achieve a
boost in OS similar to that of the KEYNOTE-024 study.

Based on the research of KEYNOTE-024, KEYNOTE-042 further expanded upon the
population deemed to benefit from pembrolizumab monotherapy [27]. In KEYNOTE-042,
a randomized, open-label, controlled, phase III trial, 1274 patients with a PD-L1 TPS of
1% or greater were enrolled and either allocated to receive pembrolizumab (n = 637) or
chemotherapy (n = 637), and included in addition to an intention-to-treat population. Of
the patients, 599 (47%) had a TPS of 50% or greater and 818 patients (64%) had a TPS of
20% or greater. As of 26 February 2018, the median follow-up was 12.8 months. OS was
significantly longer in the pembrolizumab group than in the chemotherapy group in all
three TPS populations. This research shows that pembrolizumab monotherapy can be
extended as a first-line therapy to patients with locally advanced or metastatic non-small
cell lung cancer without sensitizing EGFR or ALK alterations and with low PD-L1 TPS.

Although the above studies have confirmed that people with high PD-L1 expression
can benefit from immune monotherapy, this group of patients accounts for a low percentage
of NSCLC, and how to expand the population benefiting from immunotherapy and obtain
longer survival will be the focus of future research.

3.3. Atezolizumab

Atezolizumab is a humanized IgG1 monoclonal antibody targeting PD-L1 that inhibits
PD-L1 and PD-L1 and B7-1 interactions. Atezolizumab has no antibody-dependent cell-
mediated cytotoxicity (ADCC) and can theoretically avoid killing T cells directly activated
by tumors.

In an open phase II trial (POPLAR), 287 patients with advanced NSCLC who had
progressed after platinum-based chemotherapy were divided into two groups that received
either atezolizumab or docetaxel [28]. Patients receiving platinum-based chemotherapy
and atezolizumab had significantly improved OS, with a median of 12.6 months compared
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to 9.7 months in NSCLC, and higher PD-L1 tumor cell expression as well as higher tumor
filtration cell expression observed in in patients receiving docetaxel.

In addition, a randomized, open-label, phase III trial (OAK) evaluated the efficacy and
safety of atezolizumab versus docetaxel in previously treated NSCLC patients [29]. The
median OS was 13.8 months in the atezolizumab group and 9.6 months in the docetaxel
group, respectively, and the improvement in median OS was more significant in strong
PD-L1-positive patients, suggesting that PD-L1 expression can effectively predict the effect
of anti-PD-L1 treatment. Fewer patients had treatment-related grade 3 or 4 adverse events
with atezolizumab versus docetaxel. The results demonstrate that atezolizumab therapy
led to clinically relevant improvements in OS regardless of PD-L1 expression or histology,
with a good safety profile.

In May 2016, based on the POPLAR and OAK studies, atezolizumab was approved by
the FDA for use in NSCLC after platinum-based chemotherapy has progressed.

Almost all clinical studies of drugs are pushed from the second line to the first line,
and atezolizumab is no exception. IMpower110 evaluated the efficacy and safety of ate-
zolizumab as a first-line therapy in NSCLC patients with PD-L1 expression [30]. This
study involved patients with non-squamous or squamous NSCLC who had not previously
received chemotherapy. The results showed that the median OS of the atezolizumab group
was 7.1 months longer than that of chemotherapy (20.2 vs. 13.1 months). Adverse events
occurred in 90.2% of patients in the atezolizumab group and 94.7% in the chemotherapy
group among all patients who could be assessed for safety. Atezolizumab was shown to
result in a significantly longer OS than platinum-based chemotherapy in NSCLC patients
with high PD-L1 expression, regardless of histological type.

In May 2020, the FDA approved atezolizumab monotherapy as a first-line treatment
for patients with metastatic NSCLC with EGFR/ALK-negative and high PD-L1 expression.

3.4. Avelumab

Avelumab is a human Ig-G1 monoclonal antibody that targets PD-L1.
The safety of and tolerability for avelumab in expressing its antitumor activity were

demonstrated based on its use in first-line treatment of patients with advanced NSCLC [31].
In this study, 10 mg/kg avelumab was intravenously administered every two weeks to
patients with untreated, metastatic, or relapsed NSCLC. The objective response rate was
19.9%, including a complete response in three and a partial response in 28 cases. The median
PFS was 4.0 months, while the six-month PFS rate was 38.5%. Meanwhile, the median OS
was 14.1 months and the 12-month OS rate was 56.6%. Immune-related adverse events and
infusion-related reactions occurred in 31 (19.9%) and 40 (25.6%) patients, respectively.

Recently, Keunchil et al. reported the two-year follow-up results from the JAVELIN
Lung 200 phase III trial [32]. In 792 patients, 529 had PD-L1-positive tumors. As of 4 March
2019, the median duration of follow-up for OS in the PD-L1+ population was 35.4 months
in the avelumab arm and 34.7 months in the docetaxel arm. In the PD-L1+ population, the
two-year OS rates with avelumab versus docetaxel were 29.9% and 20.5%, respectively;
in the population with greater than or equal to 50% PD-L1+ expression, the two-year OS
rates were 36.4% versus 17.7%, while in the subgroup with greater than or equal to 80%
expression were 40.2% versus 20.3%, respectively. The safety profiles for both arms were
consistent with the primary analysis.

Although the JAVELIN Lung 200 primary analysis revealed that avelumab did not
significantly prolong OS versus docetaxel in patients with platinum-treated PD-L1 positive
NSCLC, post-hoc analyses after two years of follow-up revealed that the two-year OS rates
were doubled with avelumab in subgroups with higher PD-L1 expression. Although the
JAVELIN study did not achieve the expected results, the latest two-year follow-up results
indicate the potential of avelumab in NSCLC immunotherapy.
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3.5. Durvalumab

Durvalumab is a humanized IgG1κ monoclonal antibody that targets PD-L1 with high
affinity and selectively blocks PD-L1 binding to PD-1.

In a study of OS associated with durvalumab treatment after chemoradiotherapy in
stage III NSCLC (PACIFIC study) [33], 713 patients were enrolled. The results indicate that
the 24-month OS rate was 66.3% in the durvalumab group, compared to 55.6% in the placebo
group. Durvalumab significantly prolonged the OS, compared to the placebo. This trial
reconfirms that durvalumab consolidation therapy after deterministic chemoradiotherapy
(CRT) improves overall and progression-free survival (PFS).

The applicable population of the PACIFIC study is non-resectable stage III NSCLC,
pioneering the immunotherapy of stage III NSCLC. In February 2018, the FDA announced
the approval of durvalumab for patients with stage III NSCLC whose tumors cannot be
removed by surgery but whose condition has not progressed under the existing chemother-
apy and radiotherapy protocols.

Recently, Corinne et al. report updated analyses of OS and PFS, approximately four
years after the last patient was randomized. As of 20 March 2020, updated OS and PFS
remained consistent with the primary analyses. The median OS for durvalumab was
reached (47.5 months; placebo, 29.1 months). The estimated four-year OS rates were 49.6%
and 36.3% for durvalumab versus the placebo, while the four-year PFS rates were 35.3%
and 19.5%, respectively [34]. These updated exploratory analyses demonstrate durable PFS
and sustained OS benefits with durvalumab after chemoradiotherapy.

3.6. Cemiplimab

Cemiplimab is an antibody immunotherapy that stimulates an anticancer response
via programmed cell death PD-1 blockade. It is the first approved treatment in the US and
EU for patients with locally advanced or metastatic cutaneous squamous cell carcinoma
who are not candidates for curative surgery or curative radiotherapy [35].

Recently, in the EMPOWER-Lung 1 study, the PD-1 inhibitor cemiplimab was com-
pared with first-line chemotherapy in the treatment of stage IV NSCLC patients. In the
population with PD-L1 expression of at least 50%, which consisted of 563 patients, median
OS was not reached with cemiplimab (n = 283), while it was 14.2 months in the population
that received chemotherapy (n = 280). The median PFS was 8.2 months with cemiplimab
versus 5.7 months with chemotherapy. Significant improvements in OS and PFS were also
observed with cemiplimab in the intention-to-treat population, despite a high crossover
rate (74%) [36].

The EMPOWER-Lung 1 study implies that cemiplimab monotherapy significantly
improved OS and PFS compared to chemotherapy in patients with advanced NSCLC with
PD-L1 expression of at least 50%, providing a potential new treatment option for this patient
population. Although ICIs present a significant survival benefit for the majority of patients
with advanced NSCLC, the ORR is approximately 20%, and the majority of patients do not
respond to these therapies, especially monotherapy in NSCLC immunotherapy [37].

We summarized important clinical trials in the field of NSCLC immune monotherapy
(Table 1).

Table 1. Current immune monotherapy trials in NSCLC.

Drugs Target Trials Pathological Type Details Endpoint Ref.

Nivolumab PD-1

CheckMate 057 NS-NSCLC Nivolumab
vs. Docetaxel

Median
OS: 12.2 months
vs. 9.4 months

[21]

CheckMate 017 Squamous
NSCLC

Nivolumab
vs. Docetaxel

Median
OS: 9.2 months
vs. 6.0 months

[22]
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Table 1. Cont.

Drugs Target Trials Pathological Type Details Endpoint Ref.

Pembrolizumab PD-1

KEYNOTE-001 NSCLC Treatment-naive vs.
Previously treated

Median OS:
22.3 months vs.

10.5 months
[25]

KEYNOTE-024 NSCLC
Pembrolizumab vs.

Platinum-based
chemotherapy

Median
OS: 26.3 months
vs. 13.4 months

[26]

Atezolizumab PD-L1

POPLAR NSCLC Atezolizumab
vs. Docetaxel

Median
OS: 12.6 months
vs. 9.7 months

[28]

OAK NSCLC Atezolizumab
vs. Docetaxel

Median
OS: 13.3 months
vs. 9.8 months

[29]

IMpower110 NSCLC with
PD-L1- positive

Atezolizumab vs.
Platinum-based
chemotherapy

Median
OS: 20.2 months
vs. 13.1 months

[30]

Avelumab PD-L1
JAVELIN Lung 100 NSCLC Avelumab Median

OS: 14.1 months [31]

JAVELIN Lung 200 NSCLC Avelumab
vs. Docetaxel

Two-year OS rates:
29.9% vs. 20.5% [32]

Durvalumab PD-L1 PACIFIC
NSCLC Durvalumab

vs. Placebo
Two-year OS rates:

66.3% vs. 55.6% [33]

NSCLC Durvalumab
vs. Placebo

Four-year OS rates:
49.6% vs. 36.3% [34]

Cemiplimab PD-1 EMPOWER-Lung 1 NSCLC with
PD-L1 > 50%

Cemiplimab
vs. Platinum-based

chemotherapy

Median PFS:
8.2 months vs

5.7 months
[36]

Abbreviations: NSCLC, non-small cell lung cancer; NS-NSCLC, non-squamous non-small cell lung cancer;
PD-1, programmed cell death receptor-1; PD-L1, programmed cell death ligand 1; OS, overall survival; PFS,
progression-free survival.

4. Combination Therapy

Research on immunotherapy for NSCLC has made great progress in the past few years.
However, the low ORR of immunotherapy is its shortcoming. The ORR of the first-line
monotherapy selection population was 45% (PD-L1 ≥ 50%, approximately 20%), and the
ORR of the second-line treatment was only 20%. Moreover, immunotherapy also carries
the risk for super-progression (6–29%) and pseudo-progression (4.5%). Therefore, clinical
oncologists have always expected to combine conventional treatments with immunotherapy
in order to improve efficacy, which we will discuss in this section, and we summarized
important clinical trials in the field of combination therapy.

4.1. Immunotherapy Combined with Chemotherapy

Immunotherapy research has made great progress in the past few years, and im-
munotherapy strategies have gradually shifted from second-line monotherapy to first-line
and combination therapies, mainly due to the success of multiple studies on combining
immunotherapy with chemotherapy.

The breakthrough for immunotherapy combined with chemotherapy in advanced
NSCLC first came from the treatment of NS-NSCLC. In a randomized, open-label, phase
II cohort of a multicohort study (KEYNOTE-021G), 123 patients were enrolled. Of the
60 patients in the pembrolizumab plus chemotherapy group, 33 (55%) achieved an ob-
jective response compared to 18 (29%) of the 63 patients in the chemotherapy alone
group [38]. Subsequently, the FDA approved the indication of pembrolizumab combined
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with chemotherapy for the first-line treatment of advanced non-squamous NSCLC. In 2018,
as a confirmatory study of KEYNOTE-021G, the phase III KEYNOTE-189 study with PFS
and OS as the primary endpoints once again confirmed the above conclusions [39]. Based
on the above research, in August 2018, the FDA approved pembrolizumab in combination
with pemetrexed and platinum as first-line treatment of patients with metastatic NS-NSCLC
and without EGFR or ALK genomic tumor aberrations. This is the first approved immune
combination chemotherapy regimen. The latest KEYNOTE-407 demonstrated that in the
first-line treatment of metastatic SCC, pembrolizumab combined with carboplatin and
taxane chemotherapy, when compared to chemotherapy alone and regardless of which
type of taxane chemotherapy the patient receives, can significantly improve OS, PFS, and
ORR, and that it is tolerated by patients [40].

IMpower130 aimed to assess the efficacy and safety of atezolizumab plus carboplatin
plus nab-paclitaxel (ACnP) versus chemotherapy (ACnP) alone as a first-line therapy for
NS-NSCLC. IMpower130 showed a significant and clinically meaningful improvement in
OS and a significant improvement in PFS with atezolizumab plus chemotherapy versus
chemotherapy as a first-line treatment for patients with stage IV NS-NSCLC and no ALK or
EGFR mutations [41]. This study supports the benefit of atezolizumab, in combination with
platinum-based chemotherapy, as a first-line treatment of metastatic NSCLC. Based on this
result, ACnP was approved by the EU FDA for the first-line treatment of non-squamous
cell carcinoma NSCLC patients without EGFR/ALK changes and was included in the
NCCN and ESMO guidelines. The IMpower131 study found that the median PFS of nab-
paclitaxel plus carboplatin chemotherapy combined with atezolizumab reached 6.3 months,
which was significantly better than that of the chemotherapy group [42]. Subsequently,
IMpower132 evaluated the effect of atezolizumab plus carboplatin or cisplatin plus peme-
trexed in patients with non-squamous NSCLC. Makoto et al. reported the PFS and ORR
of the chemotherapy combined with atezolizumab group as being better than those of the
chemotherapy group: The PFS was 7.6 and 5.2 months, respectively [43]. The results of the
PFS subgroup analysis showed that most of the subgroups of the combination treatment
group showed survival benefits, especially the Asian population, who demonstrated more
obvious benefits in terms of PFS.

The application of durvalumab in NSCLC monotherapy was widely investigated in
the PACIFIC study. Recently, Sacha et al. studied the effect of durvalumab combined
with chemotherapy in NSCLC (SAKK 16/14) [44]; the results showed that the addition of
perioperative durvalumab to neoadjuvant chemotherapy in patients with stage IIIA(N2)
NSCLC is safe and exceeds the historical data of chemotherapy alone, with a high MPR and
an encouraging one-year EFS rate of 73%. Several prospective clinical studies, including this
study, have confirmed the good efficacy of neoadjuvant immune combined chemotherapy
in patients with stage III NSCLC. However, SAKK 16/14 demonstrated a relatively high
rate of adverse events of grade ≥ 3. This may be related to the studies’ neoadjuvant
regimen (chemo-sequential PD-L1 monoclonal antibody), which prolonged the neoadjuvant
treatment time.

As a new ICI, sintilimab has also received widespread attention in recent years.
Yang et al. explored the effect of sintilimab plus pemetrexed and platinum as a first-line
treatment for locally advanced or metastatic NS-NSCLC. The results showed that in Chi-
nese patients with previously untreated, locally advanced, or metastatic NS-NSCLC, the
addition of sintilimab to chemotherapy with pemetrexed and platinum resulted in a con-
siderably longer PFS than with chemotherapy alone, with manageable safety profiles [45].
This study further expanded the application of ICIs combined with chemotherapy.

With the extensive development of studies on ICIs combined with chemotherapy in
NSCLC, people have a deeper understanding of the application of ICIs in NSCLC, and a
large number of combined treatment options have been included in the guidelines and
expert consensus. In the coming period, a large number of studies of ICIs in combination
with chemotherapy will reach their endpoints, and we expect more NSCLC patients to
benefit from combined therapy.
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4.2. Immunotherapy Combined with Radiotherapy

Radiotherapy (RT) is widely used in tumor therapy and is the most effective cytotoxic
therapy for solid tumor patients [46]. For patients with locally advanced unresectable
disease, RT can be combined with chemotherapy for palliative treatment, which can not only
kill tumor cells directly but also release tumor-associated antigen and a series of positive
immune stimulation signals in addition to activating cytotoxic T cells to enhance the killing
effect of tumor cells [47]. Moreover, radiotherapy can also induce antigenic modulation and
immunosuppressive molecule upregulation, weaken the immunogenicity of tumor cells,
and promote the inactivation of immune effector cells, finally resulting in the occurrence
of immune escape and tolerance [48]. Therefore, it can be speculated that patients with
poor clinical radiotherapy may be related to immune escape. As a double-edged sword,
the immune activation ability of radiotherapy alone is limited. As previously stated, the
mechanism of immunotherapy is to improve the immune microenvironment and to remove
the inhibitory effect of the immunosuppressive microenvironment on immune effector cells.
Therefore, the effect of radiotherapy plus immunotherapy is worth investigating.

A phase II clinical trial reported that ipilimumab alone or in combination with
chemotherapy did not show significant efficacy in patients with chemotherapy-refractory
metastatic NSCLC, while ipilimumab in combination with RT increased the immune re-
sponse [49]. Ipilimumab was associated with an increase in in vitro effects in radiotherapy,
suggesting that activation of the immune system led to a non-irradiated response. In
another phase III NSCLC study, 709 received the assigned intervention [33]. The results
showed that durvalumab had a 24-month OS rate of 66.3%, compared to 55.6%. Dur-
valumab significantly extended OS compared to the placebo, establishing a standard
treatment status of concurrent chemoradiotherapy plus durvalumab adjuvant therapy
in locally advanced NSCLC. Willemijn et al. conducted a pooled analysis of two ran-
domized trials—pembrolizumab with or without radiotherapy in metastatic NSCLC—to
determine whether radiotherapy improves the immunotherapeutic response in patients
with metastatic NSCLC [50]. These promising results indicate that the addition of ra-
diotherapy to pembrolizumab immunotherapy significantly improved treatment efficacy
and prognosis for patients with metastatic NSCLC. Recently, Nasser et al., reported a
single-center, open-label, randomized, controlled phase II trial, comparing neoadjuvant
durvalumab alone with neoadjuvant durvalumab plus stereotactic radiotherapy in patients
with early-stage NSCLC [51]. The results show that neoadjuvant durvalumab combined
with stereotactic body radiotherapy is well tolerated, safe, and associated with a high
major pathological response rate. PD-L1 monoclonal antibody combined with SBRT brings
new neoadjuvant treatment options for early resectable NSCLC, especially for stage IIIA
patients; its benefits in stage I–II NSCLC may redefine the applicability of neoadjuvant
therapy patient. However, it is slightly inferior to the neoadjuvant immune combined
chemotherapy regimen. We look forward to the results of subsequent phase III clinical
trials as well as to studies exploring the feasibility of immunotherapy combined with
radiotherapy strategies in more types of immunological drugs.

In recent years, although radiotherapy combined with immunotherapy has made
great progress—it is more effective than radiotherapy alone in clinical practice, although
challenges still remain. For example, we also need in-depth research on the contradictory
effects caused by radiation therapy to explore the best efficacy and minimal side effects.
The toxic effects of combined immunotherapy require further evaluation. For instance,
the incidence of radiation or immune-related pneumonia and myocarditis may increase
when chest radiotherapy is combined with immunotherapy. Preclinically, excess cardiac
mortality has been found in mice treated with cardiac irradiation and PD-1 blockade [52].

Therefore, the radiation method, radiation dose, dose of drug, and other factors should
be further considered. Moreover, the best strategy for treatment should be explored. In ad-
dition, special considerations are needed for tumor metastasis to certain specific areas, such
as the brain, such as addressing whether radiotherapy combined immunotherapy will have
stronger toxicity on local tissue through further study. This includes determining whether
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the specialized tissues or organs could even endure this kind of treatment. Thus, the efficacy
and safety of radiotherapy combined with immunotherapy needs to be comprehensively
assessed, and more evidence is needed before it can be used in clinical practice.

4.3. Dual Immunotherapy

The effectiveness and safety of ICI monotherapy and combination chemotherapy for
NSCLC have been confirmed in a large number of trials, and the effectiveness and safety of
ICI combination therapy have gradually attracted attention.

It has been found that CTLA-4 and PD-1 ligands block CD3/CD28-mediated glucose
metabolism and inhibit the upregulation of Akt activity through different mechanisms [53].
In addition, researchers have also found that anti-PD-1 mainly improves the effector T cell
function in the tumor microenvironment, while anti-CTLA-4 mainly inhibits the T cell acti-
vation in peripheral lymph nodes and PD-1/PD-L1 and CTLA-4 act on T cells in different
stages of cellular activation. Thus, simultaneous targeting of these two immune check-
points may obtain superpositions or synergies [54]. Preclinical studies have shown that
the combination of anti-PD-L1 and anti-CTLA-4 antibodies produces a stronger antitumor
effect in mouse models than monotherapy [55].

At present, several studies have been carried out on dual immunotherapy with exciting
results [56]. The CheckMate 012 phase I trial randomized 77 patients with advanced
NSCLC to receive 3 mg/kg of nivolumab every two weeks in combination with 1 mg/kg of
ipilimumab every 12 weeks (n = 38) or once every six weeks (n = 39) as a first-line treatment.
The ORR of the two groups was 47% versus 38%, and the incidence of grade 3–4 adverse
reactions was 37% and 33%, respectively. The ORR of patients with PD-L1 ≥ 1% was
57%. These results show that nivolumab plus ipilimumab has a tolerable safety profile
as a first-line treatment for advanced NSCLC, with a high response rate and a sustained
response that is superior to nivolumab alone. CheckMate 568, an open-label phase II trial,
evaluated the efficacy and safety of nivolumab in combination with low-dose ipilimumab
as a first-line treatment for advanced/metastatic NSCLC [57]. This trial reconfirmed that
nivolumab in combination with low-dose ipilimumab is effective and well tolerated as a
first-line treatment for advanced/metastatic NSCLC. Based on this study, Matthew et al.
further confirmed that first-line treatment with nivolumab plus ipilimumab resulted in a
longer duration of OS than did chemotherapy in NSCLC patients, independent of their
PD-L1 expression level (CheckMate 227) [58]. Subsequently, the FDA approved nivolumab
(3 mg/kg) combined with ipilimumab (1 mg/kg) for first-line use in advanced NSCLC
with PD-L1 ≥ 1%.

Luis et al. further explored the effect of nivolumab plus ipilimumab combined with
two cycles of chemotherapy in NSCLC patients (CheckMate 9LA) [59]. The results showed
that nivolumab plus ipilimumab with two cycles of chemotherapy provided a significant
improvement in OS versus chemotherapy alone and had a favorable risk–benefit profile.
These data support use of this regimen as a new first-line treatment option for patients with
advanced NSCLC. Based on this study, the FDA approved nivolumab plus ipilimumab
combined with two cycles of chemotherapy for first-line use in advanced or relapsed
NSCLC [60].

The effect of nivolumab plus ipilimumab in advanced NSCLC has been confirmed,
and the latest NEOSTAR study explored the effect of nivolumab plus ipilimumab in the
neoadjuvant treatment of operable NSCLC. This phase II randomized study indicates that
neoadjuvant nivolumab plus ipilimumab-based therapy enhances pathologic responses,
tumor immune infiltrates, and immunologic memory, thus meriting further investigation
for used in cases of operable NSCLC [61].

While dual immunotherapy can enhance antitumor effects, it also presents many
challenges. There is evidence that blocking the PD-1 pathway alone or in combination
with anti-CTLA-4 can produce antitumor effects in NSCLC or SCLC, and combination
therapy seems to provide a larger tumor response [62], but treatment-related toxicity is
also increased. Therefore, for drug combinations, we should not only focus on its strong
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efficacy, but also pay attention to the additive effect of drug toxicity. Therefore, the strategy
of drug combination needs to be further studied (such as drug dose, individualized drug,
and continuous duration), and we need more clinical evidence to guide clinical practice.

4.4. Immunotherapy Combined with Targeted Therapy

Targeted therapy can rapidly reduce tumor load, release a large number of tumor anti-
gens, and regulate immunity through a variety of direct or indirect effects [63]. Preclinical
evidence shows that the activation of the EGFR signaling pathway may promote tumor cell
PD-L1 expression [64]; theoretically, targeted therapy combined with immunotherapy can
help enhance antitumor activity. Targeted therapy and immunotherapy are emerging tumor
treatment methods, and their combined application in NSCLC has been widely studied.

Zhou et al., explored the effectiveness of different doses of apatinib (250 or 375 mg/day)
combined with carrelizumab (200 mg, q2w) for advanced NS-NSCLC patients who have
previously received second-line chemotherapy [65]. Compared to carrelizumab or apatinib
alone, the combination of the two showed a significant effect in the treatment of advanced
NSCLC, indicating that the median PFS of different types of patients can be extended to six
to seven months. In terms of safety, the combined program also performed well. Not only
did it have fewer adverse events, but it also significantly reduced the reactive capillary
hyperplasia (15.6%) caused by carrelizumab. Patients with STK11/KEAP1 mutation might
derive more benefits from this combination. This study provides a chemotherapy-free
treatment option for patients with advanced lung cancer. The combination of carrelizumab
and apatinib is superior to the existing second-line standard chemotherapy in terms of
ORR and PFS. Currently, the phase III trial of this study is underway (NCT04203485).

Matthew et al. reported the results from the dose-finding and initial phase II expan-
sion of a phase Ib/II study of lenvatinib plus pembrolizumab in patients with selected
advanced NSCLC [66]. The results show that lenvatinib plus pembrolizumab demonstrated
a manageable safety profile and promising antitumor activity in NSCLC patients. How-
ever, considering the small number of NSCLC patients included in the study, the drawn
conclusions need to be verified in further multicenter large-sample clinical trials.

In addition, the role of ICIs in the clinical treatment of EGFR-mutant NSCLC patients
remains controversial. A phase III open-label CAURAL trial (NCT02454933) investigated
osimertinib plus durvalumab versus osimertinib monotherapy in patients with sensitizing
EGFR-TKI and EGFR T790M mutation-positive advanced NSCLC and disease progression
after EGFR-TKI therapy [67]. The results of this trial did not show an enhanced effect
of targeting EGFR-TKI in combination with ICIs in NSCLC. Instead, grade 3 or higher
toxicity occurs.

Moreover, a retrospective analysis—through the FDA adverse event reporting system
database—found a higher proportion of interstitial pneumonitis for nivolumab in combina-
tion with EGFR-TKI (25.7%) compared to either drug alone, which were less than 5%, with
an odds ratio of 5.09 [68].

4.5. Combined Anti-Angiogenic Therapy

Tumors are characterized by poor organization, vascular abnormalities, and perme-
ability changes. Angiogenesis is essential for primary tumor growth and has a complex
relationship with the immune system [69]. Vascular endothelial growth factor (VEGF) is a
key driver of tumor angiogenesis, which is an important process of solid tumor prolifera-
tion [70]. Although anti-angiogenic drugs generally do not directly kill tumor cells, they
can weaken or prevent the formation of blood vessels in tumors, thereby inhibiting the
growth of tumor cells. In fact, studies have found that the VEGF/VEGFR pathway interacts
with the immune system [71,72]. By upregulating PD-1 expression in CD8+ T lymphocytes,
VEGF binding to VEGFR2 on effector T cells directly inhibits proliferation and cytotoxic-
ity [73]. Therefore, anti-angiogenic therapy combined with ICIs could be promising for the
treatment of NSCLC.
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Anlotinib is an oral multitarget tyrosine kinase receptor inhibitor (TKI) that selectively
inhibits VEGFR 1-3 [74]. Anlotinib has been shown to prolong PFS and OS in patients with
refractory advanced NSCLC [75,76]. Anlotinib enhances the role of innate immune cells
in the tumor microenvironment, as well as the potential synergistic antitumor efficacy of
combined ICIs.

Although the interaction between the tumor immune microenvironment and angio-
genesis has been well established, evidence supporting the chemo-free combination of ICIs
plus antiangiogenic tyrosine kinase inhibitors in treatment-naive patients with advanced
NSCLC is insufficient. Chu et al., reported the efficacy and safety of sintilimab combined
with anlotinib as a first-line therapy for advanced NSCLC from a phase 1b trial [77]. A total
of 22 patients received sintilimab and anlotinib, and the median follow-up was 15.8 months.
Sixteen patients achieved a confirmed partial response with an objective response rate of
72.7% and a disease control rate of 100%. The median PFS was 15 months, and the 12-month
PFS rate was 71.4%. This is the first study that assessed an anti-programmed cell death
protein 1 antibody combined with a multitarget antiangiogenic tyrosine kinase inhibitor in
the first-line setting for NSCLC patients. In view of its encouraging efficacy, durability, and
safety profile, sintilimab plus anlotinib represents a novel chemotherapy-free regimen in
this patient population.

Bevacizumab is a completely humanized monoclonal antibody that blocksVEGFR1
and VEGFR2 interaction, receiving FDA approval on 26 February 2004, meaning that it
is the first approved inhibitor of tumor angiogenesis. Bevacizumab can induce tumor
vascular normalization and promote T cell tumor invasion [78,79].

At present, among the relevant studies of bevacizumab in the treatment of NSCLC,
the IMpower150 series of studies is one of the most important. In 2018, Socinski et al.,
demonstrated that atezolizumab plus bevacizumab significantly improved PFS and OS in
patients with metastatic NS-NSCLC, regardless of PD-L1 expression and EGFR or ALK
gene alteration status [80]. Based on this study, Martin et al. subsequently reported the
efficacy of ABCP or atezolizumab plus carboplatin and paclitaxel (ACP) versus BCP in
key patient subgroups. The results show that improved survival was achieved in patients
treated with ABCP compared to those given BCP in the intention-to-treat population or
those with baseline liver metastases [81]. Recently, final OS analyses were presented for
EGFR mutations and liver or brain metastases subgroups in the phase III IMpower150
study evaluating ABCP or ACP versus BCP [82]. This final exploratory analysis showed
OS benefits for ABCP versus BCP in patients with sensitizing EGFR mutations, including
those with prior TKI failures, and with liver metastases, although these results should
be interpreted with caution. The impact of ABCP on delaying the development of new
brain lesions requires further investigation. According to the IMpower150 study, the
FDA approved ABCP for the first-line treatment of non-squamous cell carcinoma patients
without EGFR/ALK mutations. In the EU, ABCP was approved for the first-line treatment
of non-squamous cancer patients (patients with EGFR/ALK mutations need to undergo
targeted therapy), as well as in Japan [83].

In conclusion, the available data provide a strong theoretical basis for the use of combi-
nation therapy in treating patients with NSCLC (Table 2). However, there are no additional
data for evaluating the safety and efficacy of antiangiogenic agents combined with ICIs in
the treatment of NSCLC. Moreover, the therapeutic dose of antiangiogenic therapy in clini-
cal practice varies with tumor type and clinical setting, and further preclinical and clinical
studies are needed to optimize antiangiogenic therapy in the age of tumor immunotherapy.
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Table 2. Current immune combination therapy trials in NSCLC.

Drugs Trials Pathological
Type Details Endpoint Ref.

Immunotherapy +
Chemotherapy

KEYNOTE-021G NSCLC

Pembrolizumab +
Platinum-doublet chemotherapy

vs. Platinum-doublet
chemotherapy

ORR: 55% vs. 29% [38]

KEYNOTE-189 NS-NSCLC

Pembrolizumab +
Pemetrexed-platinum

vs. Placebo +
Pemetrexed-platinum

Two-year Median
OS: 22.0 months
vs. 10.7 months

[39]

KEYNOTE-407 Squamous
NSCLC

Pembrolizumab + Carboplatin
and paclitaxel vs Placebo +

Carboplatin
and paclitaxel

Two-year Median
OS: 17.1 months
vs. 11.6 months

[40]

IMpower130 NS-NSCLC
Atezolizumab + Carboplatin plus
nab-paclitaxel vs Carboplatin plus

nab-paclitaxel

Median OS:
18.6 months

vs. 13.9 months
[41]

IMpower131 Squamous
NSCLC

Atezolizumab + Carboplatin plus
nab-paclitaxel vs. Carboplatin

plus nab-paclitaxel

Median PFS:
6.3 months vs.

5.6 months
[42]

IMpower132 NS-NSCLC Atezolizumab + Pemetrexed
vs. Pemetrexed

Median PFS:
7.6 months vs.

5.2 months
[43]

SAKK 16/14 NSCLC Durvalumab plus Cisplatin
and docetaxel

One-year EFS
rate: 73% [44]

NCT03607539 NS-NSCLC
Sintilimab plus Pemetrexed and

platinum vs. Placebo plus
Pemetrexed and platinum

Median
PFS: 8.9 months
vs. 5.0 months

[45]

Immunotherapy +
Radiotherapy

NCT02221739 NSCLC Ipilimumab and Radiotherapy ORR: 18% [49]

NCT02125461 NSCLC
Durvalumab +

Chemoradiotherapy
vs. Chemoradiotherapy

Two-year OS rates:
66.3% vs. 55.6% [33]

NCT02492568 and
NCT02444741 NSCLC Pembrolizumab + Radiotherapy

vs. Pembrolizumab

Two-year Median
OS: 19.2 months
vs. 8.7 months

[50]

Dual
Immunotherapy

CheckMate 012 NSCLC

Nivolumab (every 2 week) +
Ipilimumab (every 12 week) vs.

Nivolumab (every 2 week) +
Ipilimumab (every 6 week)

ORR: 47% vs. 38% [56]

CheckMate 568 NSCLC Nivolumab + Ipilimumab ORR: 30% [57]

NCT02477826 NSCLC
Nivolumab + Ipilimumab

vs. Platinum doublet
chemotherapy

Median
OS:17.1 months
vs. 13.9 months

[58]

CheckMate 9LA NSCLC
Nivolumab + Ipilimumab

vs. Platinum doublet
chemotherapy

Median
OS:14.1 months
vs. 10.7 months

[59]

Immunotherapy
+ Targeted therapy

NCT04203485 NS-NSCLC Camrelizumab + Apatinib ORR: 30.9% [65]

NCT02501096 NSCLC Pembrolizumab + Lenvatinib ORR: 33.0% [66]
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Table 2. Cont.

Drugs Trials Pathological
Type Details Endpoint Ref.

Immunotherapy
+ Anti-Angiogenic

Therapy

NCT03628521 NSCLC Sintilimab + Anlotinib ORR: 72.7% [77]

IMpower150 NS-NSCLC ABCP vs BCP
Median OS:

19.2 months vs.
14.7 months

[80]

Abbreviations: NSCLC, non-small cell lung cancer; NS-NSCLC, non-squamous non-small cell lung cancer;
OS, overall survival; PFS, progression-free survival; EFS, event-free survival; ORR, objective response rate;
BCP, bevacizumab plus carboplatin plus paclitaxel; ABCP, atezolizumab plus bevacizumab plus carboplatin
plus paclitaxel.

5. Biomarkers for Predicting the Efficacy of Immunotherapy

In recent years, immunotherapy based on ICIs has significantly improved the ORR
and OS of NSCLC patients and has become an indispensable part of NSCLC treatment.
However, the efficacy of monotherapy is limited. Finding specific biomarkers and screening
out populations with advantages in immunotherapy before treatment is key to achieving
precise treatment. At present, a variety of tissue-based biomarkers have been proven
to be effective in predicting the efficacy of NSCLC immunotherapy, mainly including
the PD-L1 expression level, tumor mutational burden (TMB), microsatellite instability
(MSI), mismatch repair (MMR) gene defects, CD8+ tumor-infiltrating lymphocytes (TILs),
T cell inflammatory gene expression profile and driver genes (such as epidermal growth
factor receptor (EGFR)), anaplastic lymphoma kinase (ALK), STK11/LKB1 mutation, K-
RAS/TP53 co-mutation, murine double minute 2, MDM2/MDM4 amplification, and EGFR
amplification [84]. Among them, the high-level evidence is supported by the expression
level of PD-L1 and the TMB in tumor tissues. In the next section, we summarized important
biomarkers in immunotherapy.

5.1. PD-L1

PD-L1 expression is the preferred biomarker for predicting the efficacy of ICIs. Be-
cause the high positive rate of PD-L1 is often accompanied by high levels of T lymphocyte
infiltration [85], detection of the PD-L1 expression level in tumor tissues is the most direct
method for predicting the patient response to PD-1/PD-L1 inhibitors. A systematic review
collected 19 studies that evaluated the effect of PD-L1 expression in patients on the effec-
tiveness of ICIs during the treatment of advanced NSCLC. Most of the evidence shows
that compared to patients with low PD-L1 expression, patients with high expression who
received anti-PD-1/PD-L1 drugs (nivolumab, pembrolizumab, duvalizumab, atilizumab,
and avelumab) benefitted more when they were treated as single agents [86]. The PD-L1
expression level is relatively mature in predicting the efficacy of ICIs, and it has become an
important basis for clinicians to formulate immunotherapy programs for NSCLC patients.

Notably, a proportion of patients with negative PD-L1 expression can also benefit
from PD-1/PD-L1 inhibitor therapy [87]. As mentioned before, PD-L1 has biological
heterogeneity; it can be expressed not only by tumor cells, but also by immune cells and
some inflammatory cells. Studies have shown that PD-L1 expression also differs between
inter- and intratumoral tissues and even changes with treatment [88]. Similarly, it has been
reported that the expression of PD-L1 may be inconsistent in sections of the same tissue,
and the expression of PD-L1 varies up to 4 times in different regions of the same tissue [89].

Furthermore, the corresponding threshold of PD-L1 in different tumors has been
reported differently [90]. CheckMate 017 reported that PD-L1 expression was not associated
with the efficacy of anti-PD-1/PD-L1 inhibitors in lung squamous cell carcinoma. In
the OAK study, the improvement in the survival of the atezolizumab immunotherapy
group was superior to that in the docetaxel chemotherapy group regardless of the PD-L1
expression level [29]. This result reflects that the correlation between PD-L1 expression
and therapeutic effect is not completely consistent. A recent study linked TPS for PD-L1
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expression with rates of disease control (DCR, partial response, and disease stability) and
PFS after treatment with nivolumab or pembrolizumab. The results show that high PD-L1
expression was associated with significantly increased DCR and prolonged PFS in NSCLC
patients treated with nivolumab or pembrolizumab. Although the sample size was small in
this small retrospective study, the results once again confirm the potential of PD-L1 as a
predictive biomarker [91].

Although it is controversial that PD-L1 is the best predictor of immunotherapy efficacy
due to the occurrence of some special conditions, PD-L1 detection is still of great guiding
significance for patients undergoing immunotherapy. On the one hand, clinicians must
understand the guiding significance of the PD-L1 test in the treatment of NSCLC, be
familiar with the difference between concomitant and complementary diagnosis and be
able to skillfully interpret PD-L1 test reports. On the other hand, for pathologists, the
quality and source of PD-L1 tissue specimens must be strictly monitored during PD-L1
detection, and a more appropriate and systematic diagnosis and reporting process should
be established. This system can not only be used for extensive PD-L1 detection but can
also be combined with other biological detection materials for comprehensive analysis.
In addition, PD-L1 expression is regulated by multiple mechanisms [92], including the
MAPK and PI3K or Akt pathways, transcription factors HIF1, STAT3, and NFkB, and
epigenetic factors [93]. Meanwhile, the changes in PD-L1 before and after treatment should
be considered in clinical application. Whether patients have positive or negative PD-L1
expression should be taken into consideration because the immunohistochemical analysis
of PD-L1 is also different, which also affects the detection of PD-L1 expression. Therefore,
the detection method of PD-L1 also needs to be optimized and standardized.

5.2. TMB

Tumor mutation burden (TMB) refers to the relative number of mutations in given
tumor tissue; if more nonsynonymous mutations are present in the tumor, more neoantigens
emerge, and the PD-1/PD-L1 axis becomes involved in blocking the immune response,
thus affecting the response of tumor cells to ICIs.

Rizvi et al. found that an elevated nonsynonymous mutation burden, including
DNA repair mutations, a molecular smoking signature, and a high neoantigen load, was
significantly associated with the clinical activity of pembrolizumab in NSCLC patients. The
proportion of mutations in NSCLC patients who responded to pembrolizumab treatment
was much higher than in patients who did not respond to pembrolizumab treatment.
Moreover, in the same study, it was concluded that the genomic landscape of lung cancers
shapes the response to anti-PD-1 therapy [94]. In 2017, a retrospective study assessed the
objective response rate between the TMB and PD-1 inhibition. The results showed that the
ORR was positively correlated with the TMB levels in 27 types of tumors treated with PD-1
or PD-L1 inhibitors [95].

Since then, the results of the CheckMate-227 clinical trial have shown that regardless of
the PD-L1 expression status of NSCLC patients with a high TMB (≥10 mutations/Mb), the
combination of nivolumab and ipilimumab as a first-line treatment significantly prolongs
the patient’s PFS [96]. Based on the results of this study, the NCCN-NSCLC expert group
listed the TMB as a biomarker in the first edition of the 2019 NCCN guidelines, which is
believed to help screen patients with metastatic NSCLC suitable for the first-line treatment
of nivolumab with ipilimumab, but also stated that there is currently no standard TMB mea-
surement method [97]. More importantly, many studies have demonstrated that PD-L1 and
the TMB are biomarkers associated with the tumor response to combined ICIs [23,94,95,98].
Therefore, the combination of PD-L1 expression and the TMB is considered a promising
biomarker for assessing patient survival and response to precise immunotherapy.

Taken together, many studies have suggested that the TMB is a reliable biomarker
for immunotherapy; however, clinical challenges are inevitable. Currently, the method
used to detect the TMB is genome analysis, including whole-genome sequencing, whole-
exon sequencing, and selective gene sequencing. The biggest disadvantage of the TMB
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precluding its use as an excellent marker of the immunotherapy response rate is that it
is difficult to be quantified and standardized. Moreover, gene mutations are different
in different tumors, and the critical value of the TMB in different tumors is not clear.
Therefore, it is necessary to explore and determine a relatively reliable quantification
method and standard for the TMB in different tumors to test its predictive significance
in immunotherapy.

5.3. TILs

Tumor-infiltrating lymphocytes (TILs) comprise one of the components of the tumor
microenvironment—specifically, the heterogeneous group of immune inflammatory cells
expressing various activated antigens [99]. The importance of TILs is gaining increas-
ing recognition, especially for their predictive role in cancer treatment. Cancer cells can
inactivate TILs in a variety of ways to evade immune surveillance and further develop
tumor tissues [100,101]. Evidently, this phenomenon adversely affects the effectiveness of
antitumor therapy.

At present, there is considerable evidence that TILs can predict the treatment and prog-
nosis of tumors. For example, CD8+ T cell tumor-infiltrating lymphocytes show satisfactory
predictive efficacy in immunotherapy [102]. Evidence shows that the concentration of CD8+
and FOXP3+ Treg TIL in the tumor background can be regarded as predictive markers
of the platinum-based neoadjuvant chemotherapy response in patients with advanced
NSCLC [103,104]. Chen et al. studied the TILs in the baseline tumor tissues of 25 patients
with early stage and 35 patients with advanced NSCLC and discovered a new subgroup
accumulating in the TME, namely, CD8+ TILs. They believed that CD8+ TILs in the baseline
tumor tissues of NSCLC patients and the corresponding abundance of ICIs is related to
resistance to ICI treatment [105]. This study suggested a strategy to overcome resistance to
ICIs: the abundance of CD8+ TILs in the baseline tumor tissues of NSCLC patients may
be used as a potential marker to predict the efficacy of ICIs. Markers for NSCLC patients
treated with ICIs. The 2020 AACR annual meeting announced the research data of a phase
I clinical trial based on TILs for the treatment of advanced NSCLC. The study included
12 patients with advanced NSCLC who received nivolumab treatment and whose disease
progressed. The researchers extracted the tumor lesions from these patients, in which
TILs were amplified in vitro and then infused back into the patient. After receiving the
treatment, most patients underwent an average reduction of 38% in the diameter of the
tumor upon the first reexamination of the chest CT [106]. The results of this study imply
that TILs not only provide a promising treatment model for NSCLC patients with resistance
after ICI treatment but also confirm the value of TILs as predictive biomarkers. The above
results show that TILs, as a new marker for predicting the efficacy of ICIs, may be of great
significance for guiding immunotherapy.

Although TILs have been poorly studied as a predictive marker in NSCLC, the avail-
able evidence suggests that they are a promising biomarker. The current TIL subpop-
ulation techniques mainly include immunohistochemistry or flow cytometry, but these
two techniques have limitations. Therefore, the next challenge to overcome is to develop
standardized, repeatable, and effective methods, as TIL scoring in large-scale clinical trials
and routine histopathological practice is of great significance in predicting prognosis and
treatment response.

5.4. Driver Gene Mutations

At present, it is known that NSCLC patients with positive driver genes have a very low
response to immunotherapy, and some driver gene mutations have been the key exclusion
criteria for the clinical application of ICIs. Carrying EGFR mutations or ALK rearrangement
is significantly correlated with the low response of NSCLC patients to ICIs [107–109]. In
the 2020 NCCN guidelines, the NSCLC expert group proposed that NSCLC patients with
PD-1 expression levels ≥1% but with driver gene mutations should first choose targeted
therapies instead of ICIs. Before using PD-1 or PD-L1 inhibitors, the status of EGFR and
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ALK should at least be determined. It would be more ideal if it can be supplemented
with negative testing of “ROS1 fusion” and “BRAF mutation” as a criterion [97]. Other
mutated genes that are not clearly indicated in the guidelines may also be related to the
response level of ICIs. Some rare tumor gene mutations may also predict the response level
of NSCLC patients to ICIs. Among NSCLC patients, phosphatidylinositol-4,5-bisphosphate
3-kinase catalytic subunit alpha (PIK3CA), EGFR, or STK11 mutations do not respond
to ICIs, while KRAS, tumor protein P53 (TP53) mutants, and mesenchymal-to-epithelial
transition factor (MET) gene exon 14 skipping mutations respond well to ICIs [110]. In the
future, more research is needed to explore the potential biomarkers of many tumor driver
genes that can be used to predict the efficacy of ICIs.

5.5. Other Biomarkers

Peripheral blood analysis is a non-invasive method with rich components and impor-
tant clinical values, such as a variety of inflammatory indicators. In addition, this method
has good potential to predict treatment outcomes after immunotherapy. Peripheral blood
lymphocyte absolute count (ALC) has good predictive significance [111]. The applicability
of LDH as a predictive biomarker has also been confirmed. Despite limited evidence,
the results show that patients with elevated LDH levels also responded to ICIs [112]. In
addition, the predictive value of microRNA, neoantigens, MSI, extracellular vesicles, gut
metabolism, etc., for the efficacy of ICIs has also been widely studied, and some biomarkers
perform well in predicting efficacy when used in combination [113].

To conclude, actively looking for predictive biomarkers in immunotherapy is the pur-
pose of the screening of beneficiaries, which is not only the connotation of the targeted bio-
logical model in addition to promoting the development of an accurate medical model. Due
to the immune system being too complex to be explained by a single biomarker, researchers
should not only focus on a single prediction significance of biomarkers—integrated think-
ing is also very critical. Therefore, the value of the combined prediction of biomolecules
and specific cell populations is worth pondering, such as inflammatory factors in the TME,
Tregs, and some special genes. More importantly, practice is the only way to test whether
this hypothesis is correct. Thus, whether the combined use of biomarkers is better than
single biomarkers also needs to be considered and confirmed. Finally, we have to look at
the clinical efficacy of biomarkers, as well as the practical difficulty and associated cost. In
recent years, the American Society of Clinical Oncology has increasingly focused on the
value of cancer treatments, mentioning their benefit/cost ratio [114], because the ultimate
goal is to provide a higher level of care for patients and determine what is best for the
majority of patients (Table 3).

Table 3. NSCLC immunotherapy efficacy prediction biomarkers.

Biomarkers Details Ref.

PD-L1 expression

NCCN-NSCLC guidelines have been recommended for PD-L1 testing from 2A to
Category 1 since 2019. Using immunohistochemical methods, PD-L1 has ≥1% tumors in
60% of advanced NSCLC Cell expression, high level expression in 25–30% of patients

(≥50% tumor cells).

[115,116]

TMB
NCCN-NSCLC expert group listed the TMB as a biomarker in the first edition of the
2019 NCCN guidelines. In 2020, TMB was approved by the FDA as a biomarker for

pan-solid tumor immunotherapy.
[96]

TILs
TILs provide a promising treatment model for NSCLC patients with resistance after ICI
treatment and confirm the value of TILs as predictive biomarkers, but its application

value needs further exploration.
[104–106]

Driver gene
mutations

Carrying EGFR mutations or ALK rearrangement is significantly correlated with the
low response of NSCLC patients to ICIs. PIK3CA, EGFR, or STK11 mutations do not

respond to ICIs, KRAS, TP53 mutants, and MET gene exon 14 skipping mutations
respond well to ICIs.

[107–110]
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Table 3. Cont.

Biomarkers Details Ref.

Other biomarkers
The predictive value of microRNA, neoantigens, MSI, extracellular vesicles, gut
metabolism, etc., for the efficacy of ICIs has also been widely studied, and some

biomarkers perform well in predicting efficacy when used in combination.
[111–113]

Abbreviations: NSCLC, non-small cell lung cancer; NCCN, National Comprehensive Cancer Network; PD-1, pro-
grammed cell death receptor-1; PD-L1, programmed cell death ligand 1; TMB, tumor mutation burden; FDA, Food
and Drug Administration; TILs, tumor-infiltrating lymphocytes; ICI, immune checkpoint inhibitor; EGFR, epider-
mal growth factor receptor; ALK, anaplastic lymphoma kinase; PIK3CA, phosphatidylinositol-4,5-bisphosphate
3-kinase catalytic subunit alpha; MET, mesenchymal-to-epithelial transition factor; MSI, microsatellite instability.

6. Challenges and Prospects of NSCLC Immunotherapy

Although breakthroughs have been made in the treatment of tumors such as NSCLC,
checkpoint suppression-mediated immunotherapy still has shortcomings and deficiencies.
On the one hand, the beneficiaries are still in the minority—only 20–30% of cancer patients
respond to ICIs treatment [117]. On the other hand, toxicity superposition, economic
burden, special crowd of NSCLC, and drug resistance have always existed.

6.1. Drug Toxicity

ICIs are a double-edged sword. While killing tumors, ICIs can also cause a series of
immune-related adverse events (irAEs). Multiple studies have shown that irAEs associated
with anti-PD-1 and anti-PD-L1 may include fatigue, rashes, diarrhea, pruritus, decreased
appetite, nausea, colitis, hepatitis, thyroiditis, neuropathy, nephritis, myocarditis, and
inflammatory arthritis [118–120]. CheckMate 568, a study about first-line nivolumab plus
ipilimumab treatment in advanced NSCLC, showed that 29% of patients had grade 3 or
4 treatment-related adverse events, and the causes of treatment-related death included
immune-mediated hepatitis associated toxicity with the progression of tumor liver metasta-
sis, grade 4 bilirubin elevation, grade 1 aspartate aminotransferase elevation, and grade 2
alanine aminotransferase elevation [57]. In addition, checkpoint inhibitor pneumonia
(CIP) is a growing concern. The clinical presentation of CIP patients is nonspecific and
is characterized by dyspnea, cough, fever, chest pain, and a gradual decrease in exercise
tolerance [121]. The previous clinical incidence of CIP in trials has been reported to be
3–5% [122,123]. Subsequently, the results of another study showed a 19% incidence of CIP.
The data also suggested that tumor histological type and ICIs therapy may be risk factors
associated with CIP [124]. Corticosteroids have been shown to improve symptoms in CIP
patients [119,125].

Steroid hormones can treat most irAEs, especially mild irAEs, but there are indeed
some refractory irAEs that are resistant to steroids or that cannot be dealt with by steroids
alone. The application of other immunosuppressive agents, especially specific immunosup-
pression, is needed.

6.2. Drug Resistance

The drug resistance of ICIs is one of the great challenges facing tumor immunotherapy
at present. Tumor immunotherapy resistance is the result of the interaction of host, tumor
cells and the immune microenvironment. Treg cells, myeloid-derived suppressor cells
(MDSCs), M2 macrophages, and other inhibitory factors in the tumor microenvironment
can also lead to immunotherapy resistance. Treg cells can secrete inhibitory cytokines,
including IL-10, IL-35, and TGF-β. Animal experiments have confirmed that the elimination
of Treg cells in the tumor microenvironment can enhance antitumor immunity [126]. The
associated filtration of hypoxia and immunosuppressive cells in tumors appears to be the
main cause of angiogenesis recurrence and drug resistance [127].

At present, a combination therapy strategy is the most important and effective mea-
sure to delay or reverse immune resistance. Various combination therapies, such as the
combination of other types of immunotherapy drugs, chemotherapy, anti-angiogenic ther-
apy drugs, and radiotherapy, can also eliminate the cause of drug resistance through the
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combined regulation of intestinal flora, thus improving the efficacy of ICIs. However, other
problems arise under various combinations of therapies, namely, patient tolerance and
financial burden.

With the continuous promotion and application of immunotherapy, single-drug re-
sistance has become an unavoidable problem. The increasingly in-depth research on the
mechanism of immune resistance also provides new ideas for the selection of immunother-
apy populations and strategies for reversing immune resistance. Targeting strategies based
on the type of drug resistance of patients can improve treatment efficiency, reduce treatment
costs, and bring about long-term practical benefits to cancer patients. At the same time, it is
undeniable that there are still deficiencies in the research of immunological resistance. How
to predict immunological resistance and the timing of restarting immunotherapy have not
been properly answered, and further exploration is needed.

All of above indicate that doctors should not only be concerned about the strong antitu-
mor effect of combined immunotherapy but should also pay attention to the superposition
of drug toxicity, drug resistance, and special populations. There is evidence that blocking
the PD-1 pathway alone or in combination with anti-CTLA-4 monoclonal antibody can
produce antitumor effects in either NSCLC or SCLC, and combination therapy provides
a larger tumor response; however, therapy-related toxicity also increases [62]. Therefore,
challenges associated with immunotherapy such as toxicity, including in combination with
other drugs, need to be addressed urgently. To explore the optimal drug dose, continuous
effective time, individual drug use, drug resistance mechanism, and other aspects are the
directions of future research. We need more clinical evidence to guide clinical practice.

6.3. Special Crowd of NSCLC

In general, ICI treatment in most patients is well tolerated, and even some adverse
events can be resolved with timely management. However, there is a lack of reliable evi-
dence for specific populations, especially patients with pre-existing autoimmune diseases,
organ transplants, or chronic viral infections. No age-appropriate safety data have been
published for immunotherapy or combination immunotherapy, hindering the wider clinical
application of ICIs. ICIs may increase the risk of irAEs in the elderly due to impaired organ
function and immune system function, and earlier immunotherapy is not better for this
group of people [128]. Therefore, the safety of immunotherapy needs to be demonstrated
through more supporting data, and the indications and contraindications for each drug and
treatment strategy need to be explained in detail. Some subgroups, such as patients with
negative PD-L1 expression and low TMB, benefit little from immunotherapy combinations
based on current clinical evidence. For them, standard platinum chemotherapy may still be
the treatment of choice.

In the age of immunotherapy, most clinical studies have not paid attention to the
immunotherapy options of special populations such as elderly patients, smoking status,
hormone use, liver metastasis, and brain metastasis, and even those who are excluded due
to having sensitive mutations in driver genes and/or special diseases. However, in the real
world, these special populations are not high in number, and population characteristics are
not only a supplement to biomarkers but also help to further accurately select the dominant
populations for immunotherapy. We believe that it is necessary to strengthen the research
on the efficacy and side effects of immunotherapy for special populations.

7. Conclusions

Numerous clinical and experimental studies have found the efficacy and safety of
immunotherapy to be positive. The immunotherapy of NSCLC is undergoing an important
shift from the traditional immune enhancement method based on activating the systemic
immune response to a tumor-induced immune escape mechanism and a more effective and
less toxic immune normal against the tumor microenvironment. Great progress has been
made in the research of immune monotherapy and combination therapy. Combined therapy
plays a particularly important role in improving the effectiveness of immunotherapy,
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expanding the beneficiary population, and overcoming drug resistance. The era of NSCLC
immunotherapy seems to have come, but the choice of combination therapy, combination
mechanism, and choice of biomarkers need to be further explored. Immunotherapy still
has problems such as limited application range, non-standard measurement methods,
and reliability to be solved. In addition, the high cost of ICI is also a current problem.
We believe that future NSCLC immunotherapy should not only aim at improving anti-
tumor immunity, but also understand the specific deficiencies of tumor immunity, and
then standardize them to selectively modify specific types of tumor immunity and carry
out anti-tumor immunity in the right place, rather than exacerbating systemic immune
responses, thus increasing the risk of irAE. In the future, biomarkers for predicting the
efficacy of ICI should be determined through whole-genome sequencing and epigenetic
analysis, and a comprehensive prediction model of multiple biomarkers and multiple
monitoring technologies should be constructed to comprehensively evaluate the patient’s
tumor immune status and formulate a personalized precise combined treatment strategy.
In addition, we should continue to explore the drug resistance mechanism and new targets
of ICIs and develop new drugs to achieve precise immunotherapy for NSCLC patients.
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