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Abstract: Tremendous progress has been achieved in the field of immune checkpoint
inhibitors (ICIs) therapy in lung cancer in recent years. To generate robust, long-lasting
anti-tumor immune responses in lung cancer patients, combinational ICI therapies have been
explored deeply. Conventionally, chemotherapy was considered as immunosuppressive. It is
now recognized that chemotherapy could also reinstate cancer cell immune-surveillance and
enable the perception of cancer cells as dangerous. That is to say that chemotherapeutic drugs
are not only a source of direct cytotoxic effects but also an adjuvant for anti-tumor immunity.
Recently, multiple clinical studies of ICIs combined with chemotherapeutic drugs have been
explored and proved effective. However, there are still crucial questions that are not well
addressed, such as the optimal dose and schedule for a given combination may differ across
disease indications, and the appropriate strategy of selecting patient population that can
benefit from ICIs remains unclear. To facilitate more rational lung cancer ICIs therapy
development, this review summarizes the immune-regulatory effects and related mechanisms
of chemotherapeutic drugs and the clinical progress of ICIs and their combination with
chemotherapies in lung cancer treatment.
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Introduction
Lung cancer is the leading cause of cancer death worldwide in men and women.
More than 2 million people are diagnosed with lung cancer every year, of which
nearly 1.8 million died from the disease.! Lung cancer is subdivided into two major
types: non-small cell lung cancer (NSCLC) accounts for approximately 85% of
lung cancer while small cell lung cancer (SCLC) accounts for 15%.” Traditional
treatment approaches including surgery, chemotherapy, radiotherapy, and targeted
therapy are unsatisfactory. The 5-year survival rate of lung cancer remains merely
16%.> With the discovery of immune checkpoint molecules such as programmed
death protein-1 (PD-1), programmed cell death-Ligand 1 (PD-L1), and cytotoxic T
lymphocyte-associated antigen-4 (CTLA-4), immune checkpoint inhibitors (ICIs)
have recently revolutionized treatment of multiple types of cancers, including lung
cancer. PD-1 targeted antibodies were approved for second-line treatment of meta-
static NSCLC and non-squamous NSCLC in 2015.*° Subsequently, a variety of
ICIs have been approved for the treatment of lung cancer because of the consis-
tently observed clinical benefits.

However, only a small subset of lung cancer patients can benefit from ICIs.%’
This limitation has pushed immunotherapy researchers toward the exploration of
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immunotherapy in combination with other treatment regi-
mens, such as chemotherapy, radiotherapy, and targeted
therapy. For a long time, platinum-based chemotherapy
has been the main option for first-line treatment for lung
cancer patients. Chemotherapeutic drugs take effect by not
only kill tumor cells but also regulate anti-tumor T cell
response through increasing tumor antigenicity, inducing
immunogenic cell death, disrupting immune suppressive
pathways, and enhancing effector T-cell response.®’ A
series of combinational strategies for chemotherapy with
ICIs have been explored, and the clinical outcomes were
promising.'®'! The goal of this study was to review the
immune-regulatory effects of chemotherapeutic drugs and
their clinical applications in combination with ICIs.

Mechanism of ICls Therapy

T cells play a central role in cell-mediated immunity
against cancers.'? The activation of specific anti-tumor T
cells requires dual signals, the first is the combination of T-
cell receptor (TCR) with major histocompatibility complex
(MHC)-tumor-associated antigens (TAAs) complex, the
second is the combination of costimulatory molecules
(CD80/86, also known as B7-1 and B7-2) expressed by
antigen-presenting cells (APCs) or tumor cells with the
ligand (CD28) on the surface of T cells."* Co-inhibitory

Anti-CTLA-4
antibody

T cells

Tumor cells

molecules can hinder T cell signal transduction processes
and restrain T cell functions.'* These molecules are called
immune checkpoints.'> Immune checkpoint is an impor-
tant inhibitory pathway in the immune system, which can
inhibit the excessive activation of the immune cells, so as
to avoid damage to the physiological function of normal
tissue. However, the suppression caused by immune
checkpoints would make the infiltrating T cells in the
tumor tend to be exhausted and unresponsive.'®!”
Multiple studies have shown that immune checkpoint
molecules are overexpressed in a variety of cancers and
positively correlated with cancer progression and poor
prognosis.' ¥4

Cytotoxic T lymphocyte-associated antigen-4 (CTLA-4)
is a member of the immunoglobulin superfamily, which is
expressed on the surface of T cells. CTLA-4 competes with
CD-28 to bind with B7 and causes immune evasion of tumor
cells via inhibitory immune checkpoint pathway.”> CTLA-4
targeted antibody can block the CTLA-4-mediated co-inhi-
bitory signal pathway, and subsequently induce the activation
and proliferation of T cells to recover the function of killing
tumor cells**?’ (Figure 1).

Programmed cell death-1 (PD-1), another inhibitory
regulatory molecule of T cells, which is mainly expressed
(DCs), and

dendritic cells

in activated T cells,

Anti-PD-1
antibody

Anti-PD-L1
antibody

Figure | The mechanism of CTLA-4 and PD-1/PD-LI targeted antibodies. The activation of specific anti-tumor T cells required dual signals: the first signal, T cells recognize
TAAs presented by MHC of tumor cells via TCR, the second signal, combination of costimulatory molecule (B7/CD28). CTLA-4/B7 and PD-I/PD-LI inhibitory immune
checkpoint pathways induce immune evasion of tumor cells. CTLA-4 and PD-1/PD-LI targeted antibodies could promote T cell functionality though blocking inhibitory

signals.

Abbreviations: TAAs, tumor-associated antigens; MHC, major histocompatibility complex; TCR, T-cell receptor.
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monocytes.”® Programmed cell death receptor ligand 1
(PD-L1) expresses on the surface of tumor cells. The
PD-L1/PD-1 interaction leads to inactivation and silencing
of activated T cells, and eventually enable cancer cells to
escape immune surveillance.””** Antibodies of PD-1 or
PD-L1 could promote the proliferation of effector T cells
and re-activate the exhausted T cells via blocking the
inhibitory signal pathway.>'~*

Except for T cells, natural killer cells (NK cells) are
another powerful weapon for eliminating cancer cells.
Many studies demonstrated that the infiltration degree of
NK cells in tumor tissue is positively correlated with the
prognosis of patients. NK cells may play an important role
in controlling tumor progression.*> NK cells, as the most
well-characterized cytotoxic innate lymphoid cells (ILCs),
are considered as the first line of defense in cancer cells
before the specific anti-tumor immune response is trig-
gered. There are both activatory receptors (such as
NKG2D) in charge of prompting “kill” signal and inhibi-
tory receptors (such as PD-1, T-cell immunoreceptor with
Ig and ITIM domains protein-TIGIT, natural killer group 2
member A-NKG2A) in charge of overriding the “kill”
signal on the surface of NK cells. The enhanced expres-
sion of activatory receptors of tumor cells would activate
NK cells, which would perform an immune surveillance
role to trigger the release of perforin and granzyme, and
also activate other immune cells by secreting cytokines.>*
Therefore, we can enhance the killing effect of NK cells
by blocking the inhibitory signal produced by immune
checkpoint molecules. Studies have shown that anti-PD-1
therapy could activate NK cells against the tumor, espe-
cially in the case of T cell-mediated tumor resistance.’
Zhang et al found that blockade of TIGIT prevented NK
cell exhaustion and promoted NK cell-dependent tumor
immunity in several tumor-bearing mouse models.*®

Efficacy and Strategy of ICls in Lung

Cancer
In 2011, US FDA approved a monoclonal antibody to
CTLA-4 for the treatment of metastatic melanoma, mark-
ing the beginning of the new era for cancer
irnmunotherapy.37 The preclinical and clinical success of
ICIs soon promoted the development of immunotherapy in
lung cancer treatment. ICI monotherapy has made remark-
able achievements in the treatment of lung cancer.

In 2015, based on the result of KEYNOTE-001 trial,

PD-1 targeted antibody (pembrolizumab) was approved by

US FDA for second-line treatment of advanced NSCLC
(including non-squamous cell carcinoma and lung squa-
mous cell carcinoma).® The subsequent Phase II/III
KEYNOTE-010 study evaluated the efficacy of pembroli-
zumab compared with docetaxel in the second-line treat-
ment of PD-Ll-positive (TPS>1%) advanced NSCLC.
This was also the first trial to evaluate the relationship
between the level of PD-L1 expression and benefit from
PD-1 targeted antibody of lung cancer patients.’®
Subsequently, anti-PD-1 antibody nivolumab and anti-
PD-L1 antibody atezolizumab were also approved as the
second-line treatment of advanced NSCLC (including non-
squamous cell carcinoma and lung squamous cell carci-
noma) based on the results of Checkmate-017/057 and
POPLAR trials.***° The objective response rate (ORR),
progression-free survival (PFS), and overall survival (OS)
of the above ICls in the second-line treatment of advanced
NSCLC were 14-20%, 3.4-4.2 months, and 9.2-13.8
months, respectively. In 2018, the FDA granted anti-PD-
L1 antibody durvalumab a breakthrough therapy designa-
tion to treat patients with locally advanced, unresectable
NSCLC whose disease has not progressed following pla-
tinum-based chemoradiation. Compared with the placebo
group, the PFS was prolonged for 11 months (16.8 months
vs. 5.6 months), and the ORR was significantly improved
(28.4% vs. 16%) in the durvalumab group.*!

Due to the success of second-line treatment, ICIs
started entering to the field of first-line treatment of
advanced NSCLC. In 2016, based on the result of the
KEYNOTE-024 trial, FDA first approved PD-1 inhibitor
monotherapy for first-line treatment of advanced NSCLC
with PD-L1 expression on at least 50% of tumor cells and
no sensitizing mutation of epidermal growth factor recep-
tor (EGFR) and anaplastic lymphoma kinase (ALK). The
trial results showed that the median PFS was 10.3 months
vs 6.0 months, median OS was 30.0 months vs. 14.2
months, ORR was 44.8% vs. 27.8% in the pembrolizumab
group and in the chemotherapy group, respectively.*? PD-1
inhibitor monotherapy was proved effective in advanced
NSCLC patients with PD-L1>50%, whether it be benefited
in a wider range of lung cancer patients? Clinical result of
KEYNOTE-042 was presented at the 2018 American
Society of Clinical Oncology (ASCO) annual meeting.
The study included 1274 diagnosed NSCLC patients with
PD-L1>1% without EGFR/ALK mutation. The results
showed that the significant benefit of OS observed in
PD-1 targeted antibody (pembrolizumab) group compared
with chemotherapy in patients with PD-L1>1%, >20%, or

OncoTargets and Therapy 2020:13

submit your manuscript

7231

Dove


http://www.dovepress.com
http://www.dovepress.com

Liu et al

Dove

>50%. However, the results of sub-studies analysis
demonstrated that among the patients with PD-L1 expres-
sion between 1-49%, pembrolizumab group did not benefit
significantly compared with chemotherapy, while the
patients with PD-L1>50% benefited more.* Although
the feasibility of PD-1 inhibitor monotherapy as the first-
line standard treatment for patients with PD-L1-positive
tumors is confirmed again, it does not change the status
that the drug is only recommended for first-line treatment
in patients with high PD-L1 expression.

In the case of SCLC, Platinum-based doublets che-
motherapy was the standard treatment, and the OS has
not been improved significantly for decades. ICIs mono-
therapy had made a breakthrough in SCLC second-line
therapy. In 2018, US FDA approved PD-1 targeted anti-
body nivolumab for the treatment of metastatic SCLC
treated with platinum chemotherapy and at least one
other therapy (CheckMate-032). This was the first
approved novel treatment of SCLC in nearly 20 years. In
2019, the FDA approved another PD-1 targeted antibody
pembrolizumab as monotherapy for patients with SCLC
with disease progression on or after platinum-based che-
motherapy and at least one other prior line of therapy
(KEYNOTE-158 and KEYNOTE-028).%+43

Despite the impressive results obtained with ICIs, only a
small subset of patients have a durable clinical benefit from
such therapies. Moreover, ICIs therapy could also trigger
hyper-progression disease (6%-29%) and pseudo-progres-
sion (4.5%).* Numerous clinical trials have shown that
combinational therapies might enhance and augment the
anti-tumor activity of ICIs. A number of combinations with
IClIs therapy are currently being investigated including che-
motherapy, radiation therapy, and targeted therapy: (a) ICIs
therapy combined with chemotherapy gradually changed the
mode of first-line treatment of lung cancer. Phase II of
KEYNOTE-021, Phase III of KEYNOTE-189, and phase
I of KEYNOTE-407 trials performed in NSCLC patients
and IMpower133 and phase III of CASPIAN trials in SCLC
patients suggested that ICIs combined with chemotherapeu-
tic drugs could significantly improve PFS, ORR, and OS.
Chemotherapy combined with ICIs therapy as a first-line
treatment strategy for driver oncogenes-negative advanced
NSCLC has been included in the upgraded NCCN

guidelines;*" !

(b) The combination of radiotherapy and
ICIs therapy provides a new model for the treatment of
lung cancer. Radiotherapy induces tumor cells to release
antigens and trigger local or systemic anti-tumor immune

responses.”” The phase III of PACIFIC evaluated the efficacy

of PD-L1 targeted antibody (durvalumab) consolidation ther-
apy or placebo therapy in patients with stage IIl NSCLC after
chemoradiotherapy showed that combination therapy could
significantly improve the median PFS, OS, and ORR. Based
on this, durvalumab was approved by the US FDA for
patients with unresectable stage III NSCLC who did not
progress after radiotherapy and chemotherapy;*' (c) Double
IClIs therapy has also been explored in the treatment of lung
cancer. Phase III of CheckMate-227 showed that compared
with platinum double chemotherapy, PD-L1 targeted anti-
body (nivolumab) combined with CTLA-4 targeted antibody
(ipilimumab) first-line treatment of advanced NSCLC sig-
nificantly prolonged the PFS of patients with high tumor
mutation load (>10 mut/mb), which was not related to the
expression level of PD-L1.” In May 2020, US FDA
approved nivolumab combined with ipilimumab as a first-
line treatment for metastatic NSCLC with PD-L1 expression
(>1%) and no EGFR or ALK mutation, the results showed
that median OS of the combination group was significantly
improved compared with the platinum-doublet chemother-
apy group (17.1 months vs. 14.9 months). The breakthrough
of the treatment is that both squamous lung cancer and non-
squamous lung cancer could benefit from the treatment;>* (d)
Anti-EGFR agents are standard treatments for patients with
EGFR-mutant advanced NSCLC. In the advanced NSCLC
population, although more than half of patients carry driving
mutations that would respond to targeted therapy,”> most of
the patients will develop acquired resistance, but immu-
notherapy generally maintained the curative effect.
KEYNOTE-021 revealed that PD-1 targeted antibody (pem-
brolizumab) combined with EGFR inhibitor (erlotinib) could
nearly double the median PFS of patients with untreated
stage IIIB/IV EGFR-mutant NSCLC compared with single
targeted agent, and the patients were well tolerated.’® In
addition, it was observed that nivolumab combined with
erlotinib strategy (CHECKMATE-021) produced positive
effects and long-term benefits as a second-line treatment.”’
Clinical studies have shown that the combination of ICIs
therapy and chemotherapy can alleviate immune tolerance
and enhance the efficacy (Table 1).

Immunomodulation Mechanisms of
Chemotherapy

Chemotherapy is one of the most common approaches for
improving the survival rate of cancer patients.
Chemotherapeutic drugs can eliminate cancer cells by

provoking inter- or intra-strand DNA crosslinks that
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Table 1 Summary of US FDA-Approved ICls Combined Immunotherapeutic Drugs for Lung Cancer
IClIs Chemotherapeutic Drugs Study Date Indication Efficacy Outcomes
Approved
ORR | mPFS mOS
(%) (months) | (months)
Pembrolizumab | Carboplatin, pemetrexed KEYNOTE-021 | 5/10/2017 Advanced or 55.0 13.0 NR
metastatic NSCLC
Pemetrexed, platinum KEYNOTE-189 48.0 9.0 22.0
Pembrolizumab | Carboplatin, paclitaxel/nab- KEYNOTE-407 | 10/31/2018 | Metastatic squamous 579 6.4 15.9
paclitaxel NSCLC
Atezolizumab Carboplatin, etoposide IMpowerl33 3/18/2019 ES-SCLC 60.2 5.2 12.3
Atezolizumab Carboplatin, paclitaxel IMpower150 12/6/2018 Stage IV non- 69.3 83 19.2
squamous NSCLC
Atezolizumab Carboplatin,nab-paclitaxel IMpowerl30 12/3/2019 Stage IV non- 49.2 7.2 18.6
squamous NSCLC
Durvalumab Platinum based chemotherapy | CASPIAN 7/12/2019 ES-SCLC 79.0 5.1 13.0
Nivolumab, Carboplatin, paclitaxel, CheckMate 5/26/2020 Stage IV NSCLC NR NR 15.6
Ipilimumab pemetrexed, cisplatin —9LA

Abbreviations: ES-SCLC, extensive-stage small cell lung cancer; ORR, objective response rate; mPF, median progression-free survival; mOS, median overall survival; NR,

no report.

destabilize DNA (alkylating agents), inhibition of DNA
replication (antimetabolites), chemical damaging of
DNA, inhibition of the function of crucial enzymes
required for DNA synthesis (topoisomerase inhibitors),
or prevention of mitosis (microtubular poisons).’®
Chemotherapy has conventionally been believed to
directly kill tumor cells through their cytotoxic effects
and trigger tumor cell death. Chemotherapeutic drugs can
affect the immunogenicity of tumor cells in a variety of
ways. After the death of tumor cells induced by che-
motherapeutic drugs, immunogenic components in
tumor cells are released, which activate the antigen-pre-
senting cell (APC)-mediated antigen presentation pro-
cess, leading to the anti-tumor immune response. A
study found that a large number of genes were signifi-
cantly up-regulated after tumor cells were treated with
cisplatin, and the APC stimulated by these substances can
significantly enhance the proliferation and functional
level of CD8" T cells, suggesting that the antigen release
induced by chemotherapeutic drugs can significantly acti-
vate the anti-tumor immune response through antigen
presentation.”® Immunogenic cell death (ICD) is a pro-
cess where apoptotic cells elicit an immunogenic
response through the induction of damage-associated
molecular patterns (DAMPs), which can be recognized
by various immune cells.®® ICD has the following char-

acteristics: (1) “eat me” signal-calreticulin membrane

translocation. Calreticulin is the molecular chaperone in
endoplasmic reticulum, acting as a phagocytic signal
molecule when it translocates on the cell surface.®!
Calreticulin interacts with a variety of receptors on the
surface of innate immune cells, including pattern recog-
nition receptors (Toll-like receptors, TLRs), endocytosis
receptors (CD91), and purine receptors (nod-like recep-
tors, NLRs), thereby stimulating the phagocytosis of
immune cells against tumor cells;®* (2) “Active” signal-
high mobility group box 1 (HMGBI) release. Among the
DAMPs released by tumor cells after death, HMGBI is
considered to be closely related to ICD and plays an
important role in the activation of antigen-presenting
cells. Several studies reported that HMGBI is up-regu-
lated in tumor tissues of breast cancer patients receiving
chemotherapy.®®> The released HMGB1 works as cyto-
kines, which can activate the TLR4 and advanced glyca-
tion end-products (RAGE) receptors of macrophages and
DC cells, and then activate the immune response of APC
and induce the release of TNF-0.°* Chemotherapeutic
drugs can remodel the immunogenicity of tumor cells
by up-regulating the expression of MHC 1. Other studies
have found that cisplatin can up-regulate MHC I, enhance
tumor antigen presentation, and promote the recognition
and activation of CTL against head and neck cancer
cells.®>*%® Similar results were confirmed in vivo, where
plasmacytoma cells pretreated with cisplatin in vitro were
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inoculated subcutaneously, and the tumor cells were not
conducive to tumor formation compared with the control
group.®” When the cell damage reaches a certain limit,
the cell stops proliferating and shows the phenotype of
senescence, which is an important mechanism preventing
the proliferation of damaged cells.”® Although the pro-
liferation has stopped, the senescent cells are active in the
expression of a series of inflammatory cytokines (such as
IL-1 and IL-6), which is called senescence-associated
secretory phenotype (SASP).®® Studies have found that
the senescence of tumor cells caused by DNA damage
treated by cisplatin can further trigger SASP, inducing the
release of inflammatory factors.”® Some studies have
noted that CCL2 in SASP can directly recruit macro-
phages and phagocytose senescent tumor cells.”’
Chemotherapeutic drugs can inhibit the immune system
by up-regulating the immune checkpoint ligands of tumor
cells.

To summarize, chemotherapeutic drugs affect the
immunogenicity of tumor cells including (1) enhancing
the antigenicity of the tumors through the increase in
mutation burden and neoantigen load, (2) increase the
release of DAMPs from tumor cells and ICD, (3) up-
regulate the expression of MHC molecules, and (4) trigger
SASP (Figure 2).

A number of chemotherapeutic compounds may also
directly affect the immune system. Clinical studies have
found that anthracyclines, paclitaxel, and fludarabine can
reduce the quantity or proportion of Treg cells in breast
cancer, lymphoma, and other cancer, accompanied by
increasing the activity cytotoxic T cells and NK cells.”>"*
In vitro studies have shown that cyclophosphamide and
oxaliplatin can directly inhibit the differentiation of Treg
cells.®> Kan et al isolated peripheral blood mononuclear
cells from patients with tumors and administered different
chemotherapeutic drugs. The results showed that gemcita-
bine could significantly inhibit Treg cells in peripheral blood
of patients.”* Studies reported that chemotherapeutic drugs
doxorubicin, methotrexate, mitomycin, and paclitaxel can
up-regulate the expression of MHCII and co-stimulatory
molecules CD80/CD86 and the ability of antigen presenta-
tion of DCs.” Several chemotherapeutic drugs can cause a
decrease in MDSCs and M2 macrophages, and even inhibit
their activity, promoting immune surveillance and clearance
of the tumor immune microenvironment. Taxanes, gemcita-
bine, and 5-fluorouracil (5-FU) were found to reduce MDSCs

in tumor-bearing mice, thereby reducing the secretion of

immunosuppressive cytokines and enhancing the activity

cytotoxic T cells and NK cells.”*"

Clinical Study of Combined ICls
Therapy and Chemotherapy in Lung

Cancer Treatment
The efficacy of ICIs therapy in the treatment of advanced
tumors has been universally confirmed. It is generally
accepted that successful anti-tumor immune responses fol-
lowing ICIs require reactivation and proliferation of anti-
tumor T cells in the tumor microenvironment. However, the
ORR of ICIs represented by anti-CTLA-4 or PD-1/PD-L1
antibody is still low, with majority of patients do not respond
to ICIs therapy. The minority of patients with good initial
response to drugs would possibly develop resistance, which
debased the long-term clinical benefit of ICIs therapy. ICIs
resistance is divided into primary or adaptive resistance and
acquired resistance.”” The mechanisms of primary or adap-
tive resistance including (a) Alteration of signaling path-
ways: MAPK, PI3K, WNT/B-catenin, and IFN, which
suppressed the process of tumor antigen expression, tumor
antigen presentation, and T cell infiltration;** (b) Lack of
antigenic mutations;** (c) loss of tumor antigen expression;
(d) loss of HLA expression;® (e) up-regulation of constitu-
tive PD-L1 expression.®® The mechanisms of acquired resis-
tance including (a) loss of target antigen;®’ (b) loss of T cell
function;®’ (c) inhibitory immune checkpoints in T cells (eg,
VISTA, LAG-3, TIM-3);**%* (d) T cell exhaustion;” (e)
immunosuppressive  cells (eg, TAMs, Tregs and
MDSCs);*"** (d) intestinal dysbacteriosis;” (f) release of
cytokines and metabolites in tumor microenvironment (eg,
TGF-B, CSF-1, and adenylate).”**>

The combination of PD-1 targeted antibody with che-
motherapy has been evaluated in KEYNOTE-021, a Phase 2
clinical trial initiated by Merck in chemotherapy-naive, stage
IIB or IV NSCLC patients without targetable EGFR or ALK
mutations. There were 123 patients enrolled: 60 were treated
with pembrolizumab plus pemetrexed and carboplatin, 63
were treated with pemetrexed and carboplatin alone. A sig-
nificantly higher ORR and PFS was observed in the combina-
tion group than in the chemotherapy alone group (55% vs.
29%, 13.0 months vs. 8.9 months). In 2017, US FDA
approved of pembrolizumab combined with chemotherapy
for first-line treatment of non-squamous NSCLC, regardless
of the expression of PD-L1.*’ A double-blind, phase III ran-
domized trial of pembrolizumab—platinum—pemetrexed com-
pared with placebo—platinum—pemetrexed was conducted in
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Figure 2 Immunomodulation effects of chemotherapeutic drugs. Chemotherapeutic drugs can affect tumor cell and tumor stroma via (A) inducing ICD as part of its
intended therapeutic effect, such as release of DAMPs; (B) enhancing the antigenicity of the tumors; (C) up-regulating the expression of MHC molecules; (D) suppressing
immunosuppressive cells (Tregs, MDSCs); (E) activating cytotoxic T cells, NK cells and tumor-associated macrophages; and (F) triggering SASP.

Abbreviations: ICD, immunogenic cell death; DAMPs, damage-associated molecular patterns; MHC, major histocompatibility complex; Tregs, regulatory T cells; MDSCs,

myeloid-derived suppressor cells; SASP, senescence-associated secretory phenotype.

patients with metastatic non-squamous NSCLC (KEYNOTE-
189). In 2019, ASCO updated the results, the median PFS was
9.0 months in the pembrolizumab-combination group versus
4.9 months in the placebo-combination group, while the med-
ian OS was 22.0 months versus 10.7 months, respectively.”'
Can PD-1 targeted antibody plus chemotherapy have a better
effect on squamous NSCLC (regardless of the level of PD-L1
expression)? The phase III of KEYNOTE-407 trial has given
the answer. In a phase III clinical trial of carboplatin and
paclitaxel or nab-paclitaxel with or without pembrolizumab
in metastatic squamous NSCLC patients (KEYNOTE-407),
the median PFS was 6.4 months in the pembrolizumab com-
bination group and 4.8 months in the placebo-combination
group. The OS was 15.9 months in the pembrolizumab-com-
bination group and 11.3 months in the placebo-combination
group. In addition, compared with the placebo combination
group, the pembrolizumab combination group had a higher
response rate (57.9% vs. 38.4%). Except for immune-related
toxicity, the adverse events of the two groups were similar.
Phase III clinical trial IMpowerl31 evaluated whether
chemotherapy combined with PD-L1 targeted antibody (ate-
zolizumab) could become another new first-line treatment for
squamous NSCLC (regardless of the expression of PD-L1).
Different from the KEYNOTE-407 trial design, patients were

randomly assigned to three groups: atezolizumab+ carbopla-
tin/paclitaxel (Arm A), atezolizumab+ carboplatin/nab-pacli-
taxel (Arm B), and carboplatin/nab-paclitaxel (Arm C). In the
first round assessment, the benefit of chemotherapy combined
with atezolizumab on PFS was similar to KEYNOTE-407
trial, and the benefit of median PFS was observed in different
subgroups with different levels of PD-L1 expression.
However, IMpowerl31 did not show a statistical difference
in OS between Arm B and Arm C (14.0 months vs. 13.9
months). Although the OS of Arm B tended to show benefit
in the high PD-L1 expression (PD-L1>50%) subgroup (med-
ian OS: 23.6 months vs. 14.1 months), in the low PD-L1
expression subgroup (1%<PD-L1<49%), the median OS of
chemotherapy combined with atezolizumab was unexpectedly
significantly worse (12.4 months vs. 16.6 months). Compared
with chemotherapy alone, atezolizumab combined with che-
motherapy for first-line treatment of lung squamous cell car-
cinoma reduced the risk of disease progression by 29%, the
risk of disease progression by 44% and the risk of death by
36%.” Nevertheless, the final phase III result of IMpower131
showed that the median overall survival of atezolizumab com-
bined with carboplatin plus nab-paclitaxel in the treatment of
advanced SCLC was not significantly higher than that in the
control group (14.2 months vs. 13.5 months). The efficacy of
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combination group in the treatment of squamous NSCLC was
inferior to that of pembrolizumab. KEYNOTE-407 clinical
trial data showed that the median overall survival of pembro-
lizumab combined chemotherapy was 15.9 months, which
4.5 months than
Comparatively, the median PFS of atezolizumab combined

was longer chemotherapy alone.
with carboplatin plus nab-paclitaxel group in IMpowerl31
compared with chemotherapy alone was significantly
improved (5.6 months vs. 6.3 months), while reducing the
risk of recurrence and metastasis by 29%. Although the med-
ian PFS of IMpowerl31 is gratifying, the failure of the main
end point-OS could not be concealed. Compared with the
double success of PFS and OS in KEYNOTE-407 of pem-
brolizumab, atezolizumab temporarily lost the opportunity to
enter the field of first-line treatment in lung squamous cell
carcinoma. However, the results of atezolizuma plus che-
motherapy for patients with high expression of PD-L1 are
promising. Therefore, atezolizumab plus chemotherapy is
expected to be approved in specific PD-L1 expression sub-
types in the future.”’

In addition, the latest results of CheckMate-9LA trial
demonstrate that ipilimumab in combination with nivolu-
mab in NSCLC treatment was effective. The combination
of nivolumab and ipilimumab with limited chemotherapy
demonstrated a median OS of 14.1 months versus 10.7
months with chemotherapy alone. Recently, US FDA has
approved the combination of nivolumab and ipilimumab
with limited platinum-doublet chemotherapy for the first-
line treatment of patients with metastatic or recurrent
NSCLC who do not have EGFR or ALK genomic tumor
aberrations (PD-L1>1%).%®

Since 2018, immunotherapy has made a breakthrough in
SCLC. Following the approval of PD-1 targeted antibody
(nivolumab and pembrolizumab) for the third-line treatment
of SCLC, PD-LI1 targeted antibody has made remarkable
achievements as the first-line therapy of SCLC. In 2019,
FDA approved atezolizumab in combination with carbopla-
tin plus etoposide for first-line treatment of extensive-stage
SCLC (ES-SCLC) based on IMpowerl33. The results
showed that atezolizumab combined with chemotherapy
could significantly prolong survival compared with che-
motherapy alone (median OS: 12.3 months vs. 10.3 months).
Compared with chemotherapy alone, atezolizumab combina-
tion regimen also significantly reduced the risk of disease
deterioration or death (PFS: 5.2 months vs. 4.3 months).
Atezolizumab combination group reduced the risk of death
by 30% compared with placebo combination group.
Neutropenia and anemia are common grade 3 adverse events

(AEs). The immune-related AE (irAEs) was 39.9% in the
atezolizumab combination group and 24.5% in the placebo
combination group. In general, patients with atezolizumab
combined with chemotherapy were well tolerated in SCLC
treatment.* Durvalumab has been approved by USFDAasa
first-line treatment for adult patients with ES-SCLC in com-
bination with standard-of-care (SoC) chemotherapies, etopo-
side plus either carboplatin or cisplatin (platinum-etoposide).
The approval was based on positive results from the Phase I11
of CASPIAN trial showing durvalumab in combination with
SoC platinum-etoposide had a statistically significant and
clinically meaningful improvement (OS: 13.0 months vs.
10.3 months). The risk of death was reduced by 27% com-
pared with SoC alone.”®

However, it appeared that fewer patients with lung cancer
were able to benefit from CTLA-4 targeted antibody plus
chemotherapy. A clinical trial enrolled 1132 patients with
newly diagnosed extensive-stage disease SCLC shows that
the addition of ipilimumab to chemotherapy did not prolong
OS versus chemotherapy alone in patients (11.0 months vs.
10.9 months).”” A randomized, double-blind phase III clin-
ical trial focused on paclitaxel plus carboplatin with or with-
out ipilimumab in patients with advanced lung squamous cell
carcinoma show that the median OS in the ipilimumab plus
chemotherapeutic drugs group had no significant extension
than placebo plus chemotherapeutic drugs group (13.4
months vs. 12.4 months), with the median PFS being 5.6

months in both groups.'®

Considerations and Challenges

Clinical studies of ICIs therapy combined with chemotherapy
have commenced optimistically. Some of these studies resulted
in survival prolongation or inhibition of cancer progression.
Meta-analysis has proved that combined ICIs and chemother-
apy therapy is basically safe with manageable toxicity profiles
in first-line treatment of advanced NSCLC.'®' However, the
limited understanding of the interplay between chemothera-
peutic drugs and ICIs hurdles the design of the optimal combi-
nation strategy. The benefit has been limited to significant
portion of patients with lung cancer. In order to benefit more
lung cancer patients, we need to address the following chal-
lenges in the design of clinical combination regimens in the
future. First, what is the genetic standard for patient screening?
From the clinical data, pembrolizumab is obviously the leader
in the first-line immunotherapeutic drug of NSCLC. In squa-
mous cell carcinoma or non-squamous cell carcinoma patients
with high expression of PD-L1 (PD-L1>50%) and no EGFR or
ALK mutation, pembrolizumab monotherapy is significantly
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more effective than chemotherapy alone, and clinical trials
significantly prolong the ORR and reduce the risk of death.
Comparatively, if the expression of PD-L1 in patients is low or
even negative, pembrolizumab monotherapy is not the best
choice but should be considered in combination with che-
motherapy. It is worth emphasizing that the chemotherapeutic
drugs used in combination with pembrolizumab are different
for squamous cell carcinoma (carboplatin plus paclitaxel/nab-
paclitaxel) and non-squamous cell carcinoma (pemetrexed
plus carboplatin/cisplatin). Different chemotherapeutic drugs
work on different immunomodulatory cells. For example,
cisplatin and fludarabine can decrease the number or function
of Tregs, bleomycin and melphalan can promote T helper type
1 immunity, and mitomycin-C can enhance DCs function.'**
Second, what is the optimal dosage and schedule of chemother-
apeutic drugs while used in combination with ICIs? In the
majority of clinical trials, chemotherapy and ICB are adminis-
tered at regular doses. Recently, US FDA has accepted its
supplemental Biologics License Application (sBLA) for nivo-
lumab plus ipilimumab, administered concomitantly with a
limited course of chemotherapy, for the first-line treatment of
patients with metastatic or recurrent NSCLC. In particular, the
scheme of chemotherapy is “limited” (only two cycles) in
combination group compared to chemotherapy alone (up to
four cycles followed by optional pemetrexed maintenance
therapy if eligible). During combination treatment, chemother-
apy is now often administered at the maximum tolerated dose,
which would lead to altered immune cell function. For chemo-
immunotherapy to be effective, lower doses of chemotherapies
might show better anti-tumor effects which suggest that the
balance between immune activation and immunosuppression
of chemotherapeutic drugs may be crucial for the final out-
come. Mpekris et al found that metronomic chemotherapy can
induce tumor vascular normalization and promote tumor per-
fusion. Increased tumor perfusion can reduce tumor hypoxia,
which can promote the reconstruction of the tumor immune
microenvironment, activate the immune response of the body,
and improve the delivery and therapeutic effect of chemother-
apeutic drugs.'® In brief, reducing the inhibition of chemother-
apeutic drugs on the immune system while maximizing the
effect of immune activation should be the focus in immu-
notherapy combined chemotherapy.

Last, the scheduling and timing of chemotherapy in ICIs
therapy are also critical for achieving clinical success. As the
agonist of immunotherapy, chemotherapeutic drugs tend to
be utilized prior to ICIs treatment. In a phase II study in lung
cancer assessed the activity of ipilimumab plus paclitaxel and
carboplatin, 3  arms involved,

were including

chemotherapeutic drugs before ipilimumab treatment, con-
current ipilimumab treatment and chemotherapeutic drugs
plus placebo, a median PFS of 5.1, 4.1, and 4.2 months,
respectively, suggesting that there is indeed a need for a
chemotherapy induction phase.'® Moreover, the interval
between chemotherapy and ICIs therapy should not be too
long. Immunotherapy is a type of cancer treatment that helps
immune system fight cancer. The healthier the immune cells
are, the more effective the ICIs would be. If the patient has
undergone multiple rounds of chemotherapy, the function of
immune cells decreased, and the efficiency of ICIs therapy
may be reduced.

KEYNOTE-024
KEYNOTE-189 trial, lung squamous cell carcinoma subgroup

In addition, according to and
data showed that pembrolizumab alone reduced the risk of
death by 65%, which was significantly lower than the risk of
death in the pembrolizumab combination chemotherapy
group. Therefore, the risk of overtreatment by ICIs therapy

and chemotherapy combination should not be ignored.'®

Conclusions
ICIs therapy has shed light on lung cancer treatment in
clinical settings with promising anticancer effects.

However, ICIs monotherapy only works on a small subset
of patients, which limits its clinical application. Clinical and
preclinical data strongly suggest that chemotherapeutic drugs
could regulate the anti-tumor immune response. A number of
clinical trials showed that ICIs therapy combined with che-
motherapy increases survival rate of lung cancer patients.
ICIs therapy combined with chemotherapy bring ICIs into
the first-line treatment of lung cancer. However, in-depth
research on the immunosuppressive activity of chemothera-
peutic drugs is lacking. Whether chemotherapeutic drugs
exert immunosuppressive function through other mechan-
isms, and whether the immunosuppressive effect can be
avoided by changing the dose, frequency, and sequence of
administration, require further study. Understanding the cel-
lular and molecular mechanisms underlying the interplay of
ICIs therapy and chemotherapy could help guide the design
of safer and more efficient cancer therapeutic strategies.
Optimizing the treatment regimens in lung cancer ICIs ther-
apy combined with chemotherapy is a task worthy of pursuit.
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