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The use of programmed cell-death protein 1 (PD-1)/programmed cell-death ligand 1 (PD-L1)
inhibitors is the standard therapy for the first-line or second-line treatment of patients with
non-small-cell lung cancer [NSCLC). In contrast to current traditional treatments such as
chemotherapy or radiotherapy, anti-PD-1 and anti-PD-L1 treatments can directly attenuate
tumour-mediated exhaustion and effectively modulate the host anti-tumour immune response
in vivo. In addition, compared with traditional therapy, PD-1/PD-L1 inhibitor monotherapy can
significantly prolong survival without obvious side effects in the treatment of advanced NSCLC.
Ideally, several biomarkers could be used to monitor the safety and effectiveness of anti-

PD-1 and anti-PD-L1 treatments; however, the current lack of optimal prognostic markers
remains a widespread limitation and challenge for further clinical applications, as does the
possibility of immune-related adverse events and drug resistance. In this review, we aimed

to summarise the latest progress in anti-PD-1/anti-PD-L1 treatment of advanced NSCLC,
worldwide, including in China. An exploration of underlying biomarker identification and
future challenges will be discussed in this article to facilitate translational studies in cancer

immunotherapy.
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Introduction

Lung cancer is the leading cause of cancer-related
deaths and is associated with a poor prognosis.!?
Non-small-cell lung cancer (NSCLC) accounts
for 85% of all lung cancers, 15-30% of which are
squamous-cell carcinomas (SQCs) of the lung.3?*
The pathogenic genes of NSCLC have been dis-
covered and widely investigated, and genotyping-
based targeted therapy has been developed as one
of the most successful therapeutic methods.>8 At
present, with a greater understanding of tumour
immunity, targeted molecular therapy and immu-
notherapy have become important strategies
for the conventional treatment of NSCLC.%-12
In recent years, the successful application of
immune-checkpoint inhibitors (ICIs) of cytotoxic

T-lymphocyte antigen-4 (CTLA-4), and anti-
programmed cell-death protein 1 (PD-1) and pro-
grammed cell-death protein ligand 1 (PD-L1) in
various advanced cancers has attracted widespread
attention in the field of immuno-oncology.!3-18
Two antibodies against PD-1, nivolumab and
pembrolizumab, and two antibodies against
PD-L1, atezolizumab and durvalumab, have been
approved by the European Medicines Agency
(EMA) and the US Food and Drug Administration
(FDA) for treating advanced NSCLC.!19-2¢ The
PD-1/PD-L1 inhibitors licensed for NSCLC
treatment are listed in Table 1.

In this review, we aimed to outline the recent
development of PD-1/PD-L1 inhibitors as first-,
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Table 1. The PD-1/PD-L1 inhibitors licensed for NSCLC treatment.

Checkpoint  Blocking agent  1gG isotype and characteristics  Clinical stage Manufacturer
PD-1 Pembrolizumab  Humanized IgG4 mAb EMA, FDA approved for first-line Merck
and second-line NSCLC treatment
Nivolumab Humanized IgG4 mAb FDA approved for second-line Bristol-Myers Squibb
NSCLC
Toripalimab Humanized IgG4 mAb Clinical trial ongoing Shanghai Junshi
Sintilimab Fully human IgG4 mAb Clinical trial ongoing Innovent Biologics
Camrelizumab Humanized IgG4 mAb Clinical trial ongoing Hengrui Medicine
Tislelizumab Humanized IgG4 mAb Clinical trial ongoing BeiGene
PDRO0O1 Humanized IgG4 mAb Clinical trial ongoing Novartis
REGN2810 Humanized IgG4 mAb Clinical trial ongoing Regeneron-Sanofi
PD-L1 Atezolizumab High-affinity human IgG1 FDA approved for second-line Roche
NSCLC
Durvalumab Human IgG1 mAb FDA approved for treatment AstraZeneca
of unresectable stage Il
NSCLC without relapse after
chemoradiation
BMS-936559 Fully high-affinity human 1gG4 Clinical trial ongoing Bristol-Myers Squibb

EMA, European Medicines Agency; FDA, US Food and Drug Administration; IgG, immunoglobulin G; mAb, monoclonal antibody; NSCLC, non-small-
cell lung cancer; PD-1, programmed cell-death protein 1; PD-L1, programmed cell-death ligand 1.

second-, and third-line treatments, and to discuss
driver-gene mutation in NSCLC patients.
Moreover, we summarised current and ongoing
clinical trials of PD-1 and PD-L1 inhibitors in
China. In the absence of optimal prognostic bio-
markers, we elaborate on the presence of immune-
related adverse events (irAEs), primary and
acquired drug resistance, and the challenge of
administering immunotherapy for the treatment
of advanced NSCLC.

Regulatory mechanisms of PD-1/PD-L1

in NSCLC

Modulation of immune checkpoints is an impor-
tant mechanism for evading immune surveillance
by inhibiting activated T cells.?> For example,
PD-1" immune cells can interact with PD-L1+
malignant tumour cells or other host cells.
Mechanistically, immune escape might occur by
interfering with related anti-tumour functions.2°
In addition, PD-1 is expressed by CD4" T cells,
CD8" T cells and some other immune cell types.
PD-1 interaction with its ligand, PD-L1, can
weaken the effector functions of T lymphocytes
such as activation, proliferation and survival,

promote antigen-specific T-cell apoptosis, and
affect CD4* and CD8* T cells, natural Kkiller
(NK) cells, and CD11c* M1 macrophage func-
tions to promote tumour development.27-2°
Antibodies that suppress the interaction between
PD-1 and PD-L1 can largely improve and restore
the functionality of exhausted T cells and enhance
their anti-tumour immune response.’? PD-1 is
highly expressed by regulatory T cells (Tregs)
and has a significant inhibitory effect on tumour
immunity.3! The immune-related regulatory
mechanism of action of PD-1/PD-L1 inhibitors is
shown in Figure 1. Modulation of PD-1/PD-L
interactions effectively inhibits the anti-tumour
response by weakening the inhibitory activity of
Tregs.32 In addition to T-cell immunity, tumour-
associated macrophages,33-34 as well as NK cells
and dendritic cells in the tumour microenviron-
ment (TME) can enhance anti-tumour effects.35-37

PD-1/PD-L1 inhibitor therapy in advanced
NSCLC

Although there are many ways to treat NSCLC,
such as radiotherapy, platinum-based chemother-
apy, surgical resection and targeted molecular
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Figure 1. Regulatory mechanism of programmed cell-death protein 1 (PD-1)/programmed cell-death ligand 1

(PD-L1) inhibitors.

The PD-1 receptor is expressed on activated T cells, macrophages, regulatory T cells (Tregs) and natural killer (NK) cells.
Binding of PD-1 to its ligands, PD-L1 or PD-L2, results in suppression of proliferation and inhibition of the immune response of
T cells. Anti-PD-1 antibodies or PD-L1 inhibitors reverse this process, resulting in enhanced anti-tumour immune responses.
APC, antigen-presenting cell; MHC, major histocompatibility complex; NSCLC, non-small-cell lung cancer;

TCR, T cell receptor.

therapy, the long-term efficacy of these treat-
ments is still not ideal, and the 5-year survival rate
of patients with NSCLC is less than 18%.38 Thus,
there is an urgent demand for novel clinical thera-
pies that are associated with less toxicity and
higher efficacy to further prolong the survival
time of patients. At present, some anti-PD-1/
PD-L1 antibodies have been approved by the
FDA for clinical treatment of advanced NSCLC;3°
these clinical studies will have a very important
role in guiding long-term clinical practice.

PD-1/PD-L1 inhibitors as first-line treatment

of advanced NSCLC

Multiple KEYNOTE trials (either alone or as
part of a combined study) are being investigated

using PD-1/PD-L1 inhibitors in various tumour
types, with a focus on NSCLC. In the open-
label phase Ib KEYNOTE-001 trial, patients
with advanced NSCLC expressing PD-L1 in
tumour tissues who were randomly assigned to
the pembrolizumab group exhibited an objective
response rate (ORR) of 27%, a median progres-
sion-free survival (mPFS) of 6.2months [95%
confidence interval (CI) 4.1-8.6], and a median
overall survival (mOS) of 22.1 months (95% CI
17.1-27.2). The ORR, 1-year mPFS, and 1-year
mOS were significantly higher in patients with a
PD-L1 tumour proportion score (TPS)=50%
than in the overall population. The results
showed that pembrolizumab was well tolerated;
only 12 cases (11.9%) experienced grade 3 treat-
ment-related adverse events (AEs), and there
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were no treatment-induced deaths.#? The 3 years
of data from KEYNOTE-001 showed that
79.7% patients with a PD-L1 TPS=50%
reached the mOS of 34.9 months (95% CI 20.3—
not reached).*! The KEYNOTE-189 study is a
phase III clinical trial of non-squamous NSCLC
patients without first-line sensitised epidermal
growth-factor receptor (EGFR) or anaplastic
lymphoma kinase (ALK) mutations. These patients
received platinum-based drugs plus either pem-
brolizumab or placebo. The mPFS of the monoclo-
nal antibody (mAb) group was significantly longer
than the control group (8.8 wversus 4.9 months,
respectively; p<<0.001), and the incidences of
grade 3 or higher AEs in the mAb group and the
control group were 67.2% and 65.8%, respec-
tively.*2 The update data from the KEYNOTE-189
study (23.1months follow up) showed mOS was
22.0months (95% CI 19.5-25.2) in the pembroli-
zumab—combination group wersus 10.7 months
(95% CI 8.7-13.6) in the placebo—combination
group [hazard ratio (HR) 0.56; 95% CI 0.45-0.70];
the mPFS were 9.0 months (95% CI 8.1-9.9) and
4.9months (95% CI 4.7-5.5), respectively (HR
0.48; 95% CI 0.40-0.58).43

For patients with advanced squamous NSCLC,
the KEYNOTE-407 trial indicated that concomi-
tant administration of carboplatin plus paclitaxel
and pembrolizumab provided longer mOS and
mPFS than traditional chemotherapy alone.**
The efficacy outcome from the protocol-specified
final analysis of KEYNOTE-407 showed that,
after a median follow up of 14.3 months, pem-
brolizumab plus chemotherapy exhibited a clini-
cally meaningful improvement over placebo plus
chemotherapy for mOS (17.1 versus 11.6 months)
and mPFS (8.0 versus 5.1 months).4>

Another phase I/II trial, KEYNOTE-021, was
designed to assess the efficacy and frequency of
grade 3-4 AEs associated with combination
treatment with platinum-based doublet chemo-
therapy with pembrolizumab. The results dem-
onstrated that combination chemotherapy with
pembrolizumab was associated with fewer grade
3-4 AEs compared with platinum-based chemo-
therapy or pembrolizumab monotherapy.46 A
randomised, open-label, phase II, multi-cohort
study, KEYNOTE-021, was performed with 123
patients with primary stage IIIb, or IV NSCLC
without EGFR or ALK mutations. The mPFS of
the pembrolizumab plus chemotherapy group was
13.0months (95% CI 8.3—not reached), whereas
the mPFS of the group receiving chemotherapy

alone was only 8.9 months (95% CI 4.4-10.3).%7
After a median time of 49.4months from
KEYNOTE-021, ORR (58% wersus 33%) and
mPFS (24.5 versus 9.9 months; HR 0.54; 95% CI
0.35-0.83) was improved with the pembroli-
zumab combination compared with chemother-
apy, regardless of PD-L1 status; the median OSs
were, respectively, 34.5 versus 21.1 months (HR
0.71;95% CI 0.45-1.12).48

In the KEYNOTE-024 trial, compared with
platinum-based chemotherapy alone, pembroli-
zumab significantly improved OS (30.0 versus
14.3 months), PFS (10.3 versus 6.0 months), and
ORR (44.8% wversus 27.8%) in the first-line ther-
apy of advanced NSCLC cases with a PD-L1
TPS =50%.4%59 Moreover, pembrolizumab was
associated with longer mOS and mPFS in con-
trast to chemotherapy alone in patients with a
high PD-L1 TPS=50% in the KEYNOTE-042
trial.3! A real-world study in Japan, HOPE-001,
analysed clinical data from patients receiving
pembrolizumab as first-line treatment for NSCLC.
The ORR, mPFS, and mOS were 51.2%,
8.3months (95% CI 6.0-10.7), and 17.8 months
(95% CI 17.8-not reached), respectively,>? simi-
lar to the results of the KEYNOTE-024 and
KEYNOTE-042 trials.

In the CheckMate 012 trial, 52 patients received
nivolumab until disease progression or toxicity
was experienced. The ORR was 28% in patients
regardless of the tumour expression level of
PD-L1, and the mPFS and mOS were 3.6 months
(95% CI 0.1-28.0) and 19.4months (95% CI
0.2-35.8), respectively.5® In another CheckMate
012, open-label, phase I trial, 78 patients who
received either nivolumab every 2 weeks plus ipili-
mumab every 12weeks, or nivolumab every
2weeks plus ipilimumab every 6weeks, were
assessed. The use of nivolumab plus ipilimumab
as first-line treatment resulted in good tolerability
and safety, and encouraging clinical efficacy, with
a better ORR in each group.’* Based on
CheckMate 012, in the CheckMate 227 trial,
nivolumab plus ipilimumab as first-line therapy
significantly prolonged the mPFS compared with
chemotherapy alone in patients with advanced
NSCLC.55:5¢ CheckMate 568, a phase II trial of
nivolumab plus ipilimumab in NSCLC patients,
defined a cut-off of the tumour mutational bur-
den (TMB) of at least 10 mutations per base pair
for selecting patients most likely to respond to
treatment, regardless of the PD-L1 expression
level.57 A TMB =10 was associated with a high
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ORR and mPFS. However, in the CheckMate
026 study, compared with first-line chemother-
apy alone in advanced NSCLC patients, patients
that were treated with antibody therapy did not
obtain significant survival benefits.58

Atezolizumab and durvalumab are engineered
and humanised mAbs against PD-LL1 immuno-
globulin G1 (IgG1l), which can combine with
PD-L1 to block the PD-1/PD-L1-mediated sig-
nalling pathway. BIRCH was designed to meas-
ure the efficacy of atezolizumab in advanced
NSCLC as first-, second- and third-line thera-
pies. Of 139 patients with advanced NSCLC who
underwent first-line treatment with atezolizumab,
the ORR, mPFS and mOS were 22%, 5.4 months
95% CI 3.0-6.9) and 20.1months (95% CI
20.1-not reached), respectively.>® IMpowerl50
was an open-label phase III study that aimed to
assess the therapeutic efficacy of atezolizumab
combined with bevacizumab and chemotherapy
as first-line treatment in patients with advanced
NSCLC. Patients received a combination therapy
of atezolizumab + carboplatin + paclitaxel (ACP),
bevacizumab + carboplatin + paclitaxel (BCP), or
atezolizumab + BCP (ABCP) every 3 weeks for a
total of four to six cycles. Following this, they
then received atezolizumab, bevacizumab, or
both, for maintenance treatment. Regardless of
the expression levels and genetic status of PD-L1,
the mPFS and mOS of patients with metastatic
non-squamous NSCLC in the ABCP group were
significantly improved when compared with the
ACP or BCP group.®® In the IMpowerl32 trial,
atezolizumab combined with carboplatin and the
chemotherapeutic agent pemetrexed significantly
decreased mortality and improved the mPFS and
mOS compared with chemotherapy alone in
patients with advanced  non-squamous
NSCLC.%! The IMpowerl30 trial reported an
obvious improvement in mOS and mPFS, and
no change in AEs were found in the group receiv-
ing atezolizumab plus chemotherapy compared
with the group receiving chemotherapy alone as
the first-line treatment of patients with metasta-
sised non-squamous NSCLC without driver gene
mutations.%? The IMpowerl131 study showed that
an atezolizumab plus platinum-based chemother-
apy significantly improved mPFS in patients with
first-line squamous NSCLC; however, the mOS
was similar between groups.®® Impowerl10 was
performed to analyse the efficacy and safety of
atezolizumab, as compared with platinum-based
chemotherapy, as a first-line treatment for
patients with metastatic NSCLC. The primary

measurement was the OS among patients in the
intention-to-treat population. This study found
that the mOS was longer in the atezolizumab group
than in the chemotherapy group (20.2 oversus
13.1months; HR for death 0.59; 95% CI 0.40—
0.89; p=0.01) as was mPFS (8.1 versus 5.0 months;
HR for death 0.63; 95% CI 0.45—-0.88) in the pop-
ulation with the highest expression of PD-LI.
This study indicated that atezolizumab treatment
results in significantly longer OS than platinum-
based chemotherapy among patients with NSCLC
with high PD-L1 expression, regardless of histo-
logic type.®* Recently, an ongoing APPLE study
(WJOG11218L) was performed in Japan to evalu-
ate the additional effect of bevacizumab adminis-
tered with platinum combination therapy and
atezolizumab in patients with advanced non-
squamous NSCLC.%5

In a phase Ib trial, durvalumab and the anti-
CTLA-4 antibody tremelimumab were adminis-
tered to patients with advanced NSCLC.
Regardless of the level of PD-LL1 expression, the
ORR was 23% in the group that received dur-
valumab combined with tremelimumab.%® The
MYSTIC trial was an open-label, phase III trial
of first-line treatment with durvalumab with or
without tremelimumab wversus platinum-based
chemotherapy alone in patients with advanced
NSCLC. Compared with chemotherapy alone,
the durvalumab group exhibited a clinically sig-
nificant improvement in mOS when tumour cell
PD-L1 expression was =25%.97 The SAKK
study was performed to evaluate the safety of
first-line durvalumab in patients with advanced
NSCLC and a performance status of 2. The data
demonstrate that using first-line durvalumab in
patients with PS2 and metastatic NSCLC with
PD-L1 expression =25% resulted in an unex-
pectedly high number of fatal early events due to
rapid tumour progression.®® All the clinical data
described here are summarised in Table 2.

PD-1/PD-L1 inhibitors as second-line

treatment in advanced NSCLC

The human anti-PD-1 mAb nivolumab was the
first to be approved as second-line therapy for
stage IV NSCLC.®® CheckMate 017, a ran-
domised, open-label, phase III study assessed the
efficacy and safety of nivolumab for advanced
squamous NSCLC; greater efficacy was obtained
during or after first-line chemotherapy. Regardless
of PD-L1 expression levels, the mOS, ORR, and
mPFS were markedly better in the nivolumab
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group than in the docetaxel group.®®7® The
CheckMate 057 trial evaluated the efficacy of
nivolumab in patients with advanced non-squamous
NSCLC who experienced obvious disease progres-
sion after first-line treatment. Compared with
docetaxel, nivolumab treatment resulted in a
remarkably longer mOS, with a more favourable
safety profile.”l:72 In both the CheckMate 017
and CheckMate 057 trials, the 2-year OS rates of
patients with squamous NSCLC treated with
nivolumab compared with docetaxel were about
23% and 8%, respectively. In those with non-
squamous NSCLC, the 2-year OS rates of those
treated with nivolumab were 29% and 16% in the
CheckMate 017 and CheckMate 057 trials,
respectively.”> The CheckMate 078 trial com-
pared the safety and efficacy of nivolumab with
docetaxel in patients with squamous or non-squa-
mous NSCLC.7* The results were consistent with
those of the CheckMate 017 and CheckMate 057
trials. Another Argentinian study was conducted
to explore the efficacy and safety of nivolumab in
previously treated patients with advanced
NSCLC; the results showed that nivolumab was
well tolerated, with promising prognostic out-
comes in patients with NSCLC who had under-
gone previous treatment.”> A multicentre
retrospective observational study in Japan was
performed to evaluate the efficacy of nivolumab
in second-line treatment in NSCLC patients.
The mOS was 14.6 months (95% CI 12.3-15.9);
l-year survival rate was 54.3%; mPFS was
2.1months (95% CI 1.9-2.4); and ORR was
20.5%. Subgroup analysis showed that PS, EGFR
mutation status, smoking status, and PD-L1 were
associated with the effectiveness of nivolumab.7°

KEYNOTE-010, an open-label, randomised
phase II/III trial, included pretreated NSCLC
patients with an expression level of PD-L1=1%
in tumour cells who had received treatment with
pembrolizumab or docetaxel. This study showed
that treatment with pembrolizumab significantly
prolonged mOS in patients with previously
treated, advanced NSCLC, especially in those
with high PD-L1 expression levels.”” Patients in
the KEYNOTE-010 trial were followed up to
assess long-term outcomes. At a median follow-
up time point of 42.6months (range 35.2—
53.2months), those treated with pembrolizumab
experienced a significantly improved mOS com-
pared with those treated with docetaxel. The
3-year OS rates were 34.5% wversus 12.7% (for
those with PD-LL1 TPS =50%) and 22.9% wversus
11.0% (for those with PD-L1 TPS=1%),

respectively.”® The KEYNOTE-025 trial assessed
the safety and efficacy of pembrolizumab in
patients with NSCLC who had been previously
treated in Japan.”® The results showed that
pembrolizumab was associated with a generally
high ORR in those with a PD-L1 expression
level =50%. The phase I/Il KEYNOTE-021
study evaluated combination therapy with pem-
brolizumab plus ipilimumab in patients with pre-
viously treated advanced NSCLC. This study
showed that among patients who received pem-
brolizumab (2 mg/kg) plus ipilimumab (1 mg/kg),
ORR was 30%, mPFS was 4.1 months (95% CI
1.4-5.8), and mOS was 10.9months (95% CI
6.1-23.7) but was associated with meaningful
toxicity.80

A randomised phase III clinical trial, OAK, also
showed that regardless of the expression level of
PD-L1, the survival rate following atezolizumab
treatment was significantly improved compared
with docetaxel. Based on the OAK findings, ate-
zolizumab has been approved by the FDA and
the EMA for further treatment of those previously
treated for advanced NSCLC. For long-term sur-
vivors in the atezolizumab group, the ORR was
14% and the mOS was 13.8months (95% CI
11.8-15.7).81:82 In the POPLAR study, an open-
label, phase II trial, atezolizumab treatment sig-
nificantly improved OS compared with docetaxel
in patients with NSCLC who were previously
treated.®3 The BIRCH study also proved the effi-
cacy of atezolizumab in patients with advanced
NSCLC as second-line therapy. The ORR,
mPFS, and mOS were 19%, 2.8 months (95% CI
1.5-3.9), and 15.5months (95% CI 12.3-not
reached), respectively.’® It is well known that
approximately 10% of patients with NSCLC are
complicated with comorbid interstitial pneumo-
nia, with a poor prognosis. The Thoracic
Oncology Research Group 1936/AMBITIOUS
study is an ongoing, multicentre, single-arm,
phase II trial to assess the safety and efficacy of
atezolizumab for pretreated advanced/recurrent
patients with NSCLC complicated with idio-
pathic chronic fibrotic interstitial pneumonia. We
are looking forward to the results of this clinical
study.8* Another multicentre, phase II, open-
label, single-arm VinMetAtezo trial was designed
to assess the safety and efficacy of metronomic
oral vinorelbine in combination with atezoli-
zumab in advanced NSCLC progressing after
first-line platinum-based chemotherapy. The pri-
mary outcome was PFS at 4 months.8 In France,
Marine er al. conducted a study to evaluate the

journals.sagepub.com/home/tam


https://journals.sagepub.com/home/tam

Therapeutic Advances in Medical Oncology 13

cost effectiveness of atezolizumab versus docetaxel
as a second-line treatment for stage IV NSCLC.
Their results indicated that atezolizumab was
more efficacious and more costly than docetaxel
in treating advanced NSCLC.8 All studies that
have assessed PD-1/PD-L1 inhibitors as second-
line therapies are summarised in Table 3.

PD-1/PD-L1 inhibitors as third-line or greater
treatment in advanced NSCLC

The BIRCH study examined the clinical efficacy
of atezolizumab as third-line or greater therapy in
advanced NSCLC. The mOS, mPFS, and ORR
were 13.2 months (95% CI10.3-17.5), 2.8 months
(95% CI 1.5-3.9), and 18%, respectively as third-
line treatment, suggesting that atezolizumab has
good clinical efficacy as third-line therapy for
advanced NSCLC.>°

The ATLANTIC trial was an open-label, phase
II, multicentre clinical trial conducted to assess
the efficacy of durvalumab as third-line or greater
therapy for advanced NSCLC. The ORR was
12.2% in EGFR" and ALK" patients who had
expression levels of PD-LL1=25% and received
durvalumab, which was lower than that of patients
who were EGFR~ and ALK~ with the same
expression level of PD-1.1 =25% (16.4%) or those
with expression of PD-LL1=90% (30.9%). The
mPFS rates in the three groups were 1.9 months,
3.3 months, and 2.4 months, respectively.8”

ARCTIC was a phase III, randomised, open-
label study that evaluated the efficacy of dur-
valumab with or without tremelimumab versus
the standard of care for advanced NSCLC as a
greater than third-line therapy. For patients with
expression levels of PD-L1=25%, durvalumab
resulted in significant improvements in mOS and
mPFS compared with the standard of care. For
patients with expression of PD-LL1 <25%, dur-
valumab combined with tremelimumab resulted
in obvious improvements in mOS compared with
the standard of care.8® A detailed summary of the
clinical trials of third-line or greater treatment of
advanced NSCLC is shown in Table 3.

PD-1/PD-L1 inhibitors in cases of advanced
NSCLC with driver-gene mutations

Inhibition of the PD-1/PD-L1 axis has resulted in
favourable responses in NSCLC patients with
EGFR mutations; however, the efficacy was sig-
nificantly lower in these patients compared with

those without EGFR mutations.8%-0 Although
high expression levels of PD-L1 in patients with
advanced NSCLC may be associated with EGFR
mutations,?! studies have shown that EGFR-
tyrosine kinase inhibitors (TKIs) downregulate
the messenger ribonucleic acid (mRNA) expres-
sion of PD-L1, suggesting that EGFR-TKIs may
activate T-cell immunocompetence in the TME
of NSCLC patients with EGFR-mutations.?2-9¢ A
phase II clinical trial showed that pembrolizumab
was less effective in advanced NSCLC patients
who were naive to TKIs and were PD-L1", with
EGFR mutations, even those with a PD-L1
expression level =50%; this indicated that anti-
PD-1/PD-L1 treatment was not the ideal first
choice for patients with EGFR mutations.®>

The phase I/Il KEYNOTE-021 trial analysed the
feasibility of administering erlotinib or gefitinib
combined with pembrolizumab as first-line treat-
ment in patients with stage IIIb/IV EGFR-mutant
NSCLC. Pembrolizumab plus gefitinib combina-
tion therapy had to be continued because of
severe AEs, and another study showed that pem-
brolizumab plus erlotinib administration did not
improve the ORR when compared with pembroli-
zumab plus gefitinib.? The CheckMate 370 trial
evaluated the safety of first-line treatment with
nivolumab combined with crizotinib in patients
with ALK*® NSCLC. Again, the combination
treatment had to be discontinued, and enrolment
was closed because of observed grade =3 hepatic
toxicities.?”

A subgroup analysis of advanced NSCLC
patients with EGFR mutations and ALK rear-
rangements was performed to assess the use of
anti-PD-1/PD-L1 therapy as second-line treat-
ment in the CheckMate 057, KEYNOTE-010,
POLAR and OAK studies. Their results revealed
that EGFR mutations and ALK rearrangements in
patients with advanced NSCLC were associated
with beneficial outcomes and prolonged mOS
from anti-PD-1/PD-L1 treatment compared with
chemotherapy when administered as second-line
treatment.’1,7277%:78:81-83 T g study assessing the
effects of nivolumab, the ORR was significantly
lower in patients with EGFR-mutant non-squa-
mous NSCLC than in patients without the muta-
tion (8.8% wersus 19.6%, p=0.007).98 It is well
known that the acquired EGFR-T790M mutation
is a major reason for patients developing resistance
to EGFR-TKIs. A clinical study showed that of 25
NSCLC patients who received nivolumab follow-
ing previous TKI administration, 8 patients
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exhibited the T790M mutation, rendering them
resistant to EGFR-TKI treatment, whereas 17
patients did not. The mPFS times were
1.3months (95% CI 0.1-1.8) and 2.1 months
(95% CI 1.3-3.4) for the T790M-positive and
T790M-negative patients, respectively (p=0.099),
and the mOS was not achieved at the follow up at
7.3months. Overall, this study indicated that
patients resistant to EGFR-TKI with negative
expression of T790M probably benefited from
subsequent treatment with nivolumab.®® Hence,
some studies have explored combination therapy
in advanced NSCLC patients who are resistant
to TKIs.100101 Gettinger et al. performed a study
to assess the efficacy of nivolumab combined
with erlotinib in advanced NSCLC patients with
EGFR mutations who were treated with an
EFGR-TKI but no chemotherapy.l°2 Another
multicentre, open-label, phase Ib dose-escalation
clinical trial was performed with patients previ-
ously treated with an ALK-TKI or chemotherapy
who had advanced, ALK-rearranged NSCLC.103
The patients received either nivolumab plus ceri-
tinib (450 mg daily) or nivolumab plus ceritinib
(300mg daily). The results showed that the ORR
and mPFS were improved in the nivolumab plus
ceritinib (450 mg) group; however, this combina-
tion of drugs was also associated with increased
toxicity. Based on safety considerations, an alter-
native regimen is being investigated in which
ceritinib is administered as a monotherapy for
two cycles before the initiation of combination
treatment with nivolumab.

One of the studies intended to identify a bio-
marker for patients most likely to positively
respond to immunotherapy. Tumour deoxyrib-
onucleic acid (DNA) was derived from
advanced NSCLC patients receiving nivolumab
or pembrolizumab therapy as second- or third-
line treatment. The most common mutated
genes observed in these patients were tumour
protein p53 (TP53; 49%), Kirsten rat sarcoma
2 viral oncogene homolog (KRAS; 43%), and
v-erb-b2 erythroblastic leukaemia viral onco-
gene homolog 2 (ERBB2; 13%). This study
confirmed that patients with KRAS mutations
experienced a longer mPFS and mOS than
patients without KRAS mutations. Furthermore,
patients with ERBB-family mutations failed to
respond to treatment with PD-1 antibodies.104
The efficacy data of anti-PD-1/PD-L1 for
advanced NSCLC with driver gene mutations is
shown in Table 4.

Application of PD-1/PD-L1 inhibitors in

advanced NSCLC cases in China

Toripalimab (also known as JS001 or TABO0O1) is
a recombinant human anti-PD-1 mAb developed
by Shanghai Junshi Biotechnology Co., Ltd. that
selectively inhibits PD-1 and PD-L1/PD-L2 inter-
actions to facilitate T-cell activation.1% Yang ez al.
conducted a phase I dose escalation and expan-
sion clinical study to evaluate the safety and toler-
ability of toripalimab in patients with advanced or
recurrent malignancies in China.l% Thirty-three
patients participated in this study, seven of which
had NSCLC. The results showed that toripalimab
was well tolerated at a dose of 10mg/kg every
2weeks, and no dose-limiting toxicity was appar-
ent; in addition, long-term anti-tumour activity
was achieved in patients with alveolar soft-part
sarcomas. 106

Sintilimab is a human IgG4 mAb coupled to
PD-1; it was jointly developed by Innovent
Biologics and Eli Lilly and Company. Sintilimab
was approved for treating patients with classical
Hodgkin’s lymphoma who had relapsed or were
refractory after at least two rounds of systemic
chemotherapy in China.l%7 A phase Ib study was
performed to assess the safety and efficacy of sin-
tilimab as a neoadjuvant therapy for NSCLC; the
results showed that sintilimab was well tolerated
in NSCLC patients, with an encouraging patho-
logic response rate.108

Camrelizumab, a PD-1 inhibitor, developed by
Jiangsu Hengrui Pharmaceutical Co., Ltd., has
recently been approved for the treatment of
relapsed or refractory classical Hodgkin’s lym-
phoma in China.l% A study evaluated the efficacy
and safety of camrelizumab combined with micro-
wave ablation (MWA) in patients with metastatic
NSCLC. The results indicated that the ORR was
33.3%, with two patients achieving a complete
response (CR) and five patients achieving a partial
response (PR). The mPFS was 5.1 months; OS
was not reached. The most common AE related to
camrelizumab administration was reactive capil-
lary hyperplasia of the skin!!? that could be allevi-
ated by substitution with apatinib.!1!

The anti-PD-1 antibody, tislelizumab, has dem-
onstrated clinical tolerability and safety in treat-
ing solid tumours, including NSCLC in Chinese
patients.!'2 Toripalimab, sintilimab, camreli-
zumab and tislelizumab are all currently undergo-
ing clinical trials for the treatment of various solid
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tumours, including advanced NSCLC; these are
summarised in Table 5.

Predictive biomarkers in anti-PD-1/PD-L1
immunotherapy

In order to predict the response to immunother-
apy, the biomarkers initially used by the research-
ers were the expression of PD-1 receptor and
PD-L1, and the prediction method was assessed
only by immunohistochemistry.113 More recently,
with the development with newer technology,
there are many available biomarkers that could be
used to further predict the efficacy and prognosis
of immunotherapy.113-117 These include PD-L1
expression, the number of tumour-infiltrating
lymphocytes (TILs), the TMB, mutations in cer-
tain driver genes, microsatellite instability (MSI)/
defective mismatch repair (dMMR), peripheral
blood-based biomarkers and interferon gamma
(IFN-y) levels (Figure 2).

Level of PD-L1 expression and the number

of TILs

Currently, the level of PD-L1 is commonly used
as a tumour biomarker to evaluate the efficacy of
anti-PD-1/PD-LL1 therapy in patients with
NSCLC.3%118  The KEYNOTE-024 and
KEYNOTE-042 trials**-51 suggested that pem-
brolizumab could significantly improve the sur-
vival rate in patients with high expression levels of
PD-L1. The KEYNOTE-001 study also indi-
cated that patients with a PD-L1 TPS=50%
would likely experience better outcomes, includ-
ing improved ORR, mPFS, and mOS.40
Therefore, pembrolizumab has been approved by
the FDA for advanced NSCLC patients without
driver gene mutations as a first-line treatment. In
a single-arm study assessing early ICIs in selected
patients with high expression levels of PD-L1, Ito
et al. found that ORR and mPFS could be used as
an endpoint to predict the survival of patients
with high PD-L1 expression levels.!!® Teramoto
et al. analysed PD-LL1 immunohistochemistry in
tumour patients at stage I-IIIa NSCLC; they
found that high PD-L1 expression is strongly
related to early-stage NSCLC and, therefore, is a
representative biomarker for predicting a good
prognosis.!?® Recently, Ricci er al. investigated
150 advanced NSCLC patients, they suggested
PD-L1 expression with a cut-off of 50% can be
effectively evaluated by the cytological smears.12!
Another study showed that PD-L1 expression,
CD8* T cell infiltration, the TMB, and the

human leukocyte antigen (HLA) class I were out-
standing predictive biomarkers of the anticipated
response to anti-PD-1 immunotherapy.!?2 The
mPFS was significantly improved in patients with
both a high level of PD-L1 expression and TMB
or in those without a loss of HLA class I
molecules.

The TME plays a vital role in the growth and pro-
gression of cancer cells and distant metastasis,
and affects the efficacy of immunotherapy in clin-
ical oncology.!?? TILs mainly include NK cells
and cytotoxic T cells, both of which are routinely
assessed in histopathology reports as predictive
biomarkers.!124125 In hyperprogressive disease
patients, a high number of CD2~ CD4 T lympho-
cytes during the first and second line of immuno-
therapy was associated with a lower mOS.126 A
retrospective study by Chen er al., assessed
tumour PD-L1 expression and T-cell infiltration
in NSCLC patients with rare EGFR mutations
and found that the frequency of a high PD-L1
expression level and CD8* TIL infiltration was
36.7%, with a worse prognosis.!??

T™MB

The TMB is representative of the number of
tumour mutations; the higher the frequency of
mutations in somatic exonic regions, the greater
the number of corresponding tumour-related
antigens that are expressed.12%129 For patients
with advanced NSCLC, a high TMB detected by
next-generation sequencing seems to predict the
lasting clinical effects of PD-1 or PD-L1 block-
ades.!30 This results in the subsequent increase in
activation of lymphocytes to maintain an immu-
nological anti-tumour response. A previous study
evaluated the predictive role of the TMB in 76
NSCLC patients treated with anti-PD-1/PD-L1
therapy. Patients with a high TMB exhibited sig-
nificantly longer mPFS and mOS.131 In a Chinese
study, the TMB was analysed in NSCLC patients
receiving anti-PD-1/PD-L1 treatment; the mPFS
was significantly longer at 10.6 months in the high
TMB group compared with just 3.9 months in the
low TMB group (p=0.0007), and the mOS was
21.0months in the high TMB group and just
11.6 monthsinthelow TMB group (p=0.0126).132
The circulating tumour DNA (ctDNA)-related
TMB was also assessed in NSCLC patients who
received anti-PD-1 or anti-PD-L1 therapy;!33
however, higher ctDNA-related TMBs were
obviously related to shorter mOS and mPFS,
which indicated that a higher ctDNA TMB

journals.sagepub.com/home/tam


https://journals.sagepub.com/home/tam

Therapeutic Advances in Medical Oncology 13

*10}Ig1Yul SeUly aulsolA) ‘Y] ‘| puebi) yieap-1192 pawwedboid ‘| 7-qd {| uierodd yyeap-1192 pawwesboid ‘| -qd ‘48oued Buny 1193-11ews-uou ‘9TISN ‘4oidadad Jojoej-yimodb jewlapids ‘Y493

Adedsyjowayd snsian

1eydsoH 1eduiAodd INyuy 19h10N 09¢€ Adesayjowayd yym gewnzinaisty  aul isdi4 J7T0SN snowenbs pasueapy I LYL76GE0LON qewnzie)siy
Adedayjowayd snsian
1eydsoH elduinodd Inyuy 19K 10N vee Adedayjowayd yym qewnziaisl]  aunisdi4  JTOSN snhowenbs-uou pasueapy Il S0ZE99SOLON gewnznaisi|
1oxejoed aun
AYISJaAlUN UaS-1BA UNS  Buniniday 29 Y)IM paulquiod qewnzijaiue) pu02ag 07OSN pasueApy Il Y4LL9LY0LON gewnziaiwe)
1eydsoy Jaoueg buillag  Buninioay ZG JBISOpUd Y}IM paulquiod qewnzijaJwe)  aul) isdi4 0719SN showenbs pasueapy I 0ELEOSYOLON gewnzialwe)
py] “0) au0)e gewnzijaJuwed Jo aje)Asaw
auPIpaly INybuaH nsbuelr  Buninioay 294 qiunede yym pauiquiod qewnziaiwey  auljisii4  9TJSN padueApe aAlisod-|7-dd Il G8YE0ZY0LON gewnzislwe)
suoljeynw auab
unejdogued/paxaljawad JBALIP INOYYIM puUe saselseleul
AYISJaAIUN UBS-1BA UNS  Bunjinidoay %9 Y}IM paulquiod qewnziaiue)  aulisdi4  uledq yym JISN snowenbsuon Il 060L1ZY0LON gewnziaiwe)
Ayisaaaiun paxaJjowad aun Y493 2dhy
sabuog sauy eulyy  buniniday 9L 4018Xe}200p Yym paledwod qewniuis pu0ddS  -piIM Ypm TSN ShowenbsuoN Il LL70€8E0LON gewnnuis
sasejsejewl
Ayisianiun uss-jeA ung - Buninioay 09 geunzideAsq Yjim pauiquiod qeuwniuls VN uledq yum 97 19SN pasueapy II' 04LELZYOLON gewnnuis
une)dsio pue paxaJjawad aun J79SN shouwenbs
1eudsoH 3sayQ leybueys  buninioay 009 Yim paulquiod GOglg| + gewniulis puo2ag -Uou padueApe JuBINW-Y 493 Il 0¥ZZ08E0LON gewnnuis
1eydsoH pue ajn3isu| Jasue)
Asianun 1eoipajy uifuer]  buninioay 86 glunojue yjm pauiquiod qewniuls - aul isdi4 OTJSN pasueApy Il LELYZLYOLON gewnnuis
Aysaaniun
uenyIs ‘leyidsoH euryg 1ssp - buninioay 6¢  UONBIpEJ Y}IM UOHEUIqWOD qeUWNiulS  Bul)3sdl4 OTJSN pasueApy | 67GC18E0LON gewnnuis
S|el] 1e31ung
Jo uonerossy buopbueng 19h 10N 0¢ gewnzijouqwad pue qewniuis  aulj sl O010SN pasueApy Il G9€2G¢Y0LON gewnnuis
annebau sl Yim buoje
aull  adue)sisad |y 1-yY493 uolelauab
buenyzeifiys jo jeydsoH isa14 - Buninioay 0¢ gewniuIs yim paulquiod gluinojuy puosss -1S41 YHM JTIQSN PaduUEApY Il GLLG9LEOLON gewnnuis
1eydsoy aun
Jown] 92ulno.d UBUNH  Buninioay 0€ 19XE}920p Y}IM pauiquiod qewiiuls puosss OTISN pasueApy Il €7L86LE0LON gewnnuis
ulkdedayjowayd aun pajeInwW Y493 Juejsisad
1eydsoy Aeuowng teybueys  Buninioay 0GE  Yam pauiquiod ogadeld Jo gqewrjediio] puodss “IML YHM JTTISN PaduBApY Il 0S0%7¢6€0LON gewnediio|
S92UaI0G 1B2IPalN 40 Awapedy Adedayjowayd piepueis yjim pauiquiod
asaulyg jeydsoy Jeouey  Buninioay 08Y ogade)d Jo uoiydaful qewneduol  aun isui4 OTJSN pasueApy I 11%7998€0LON gewnediio]|
Adedayy qiuiuawiso
aseas|q Auojedidsay gluniojue pue paxaJyawsad aun 03 pajle} suoleInw aaiyisod
Jo @mysu| noyzbueng 19h10N 09 UM pauIquiod (100Sr) qewnediio] puosss -INO6LL Y™ JTISN Al/Alll Il 1GE9LEYOLON gewneduio|
anebau
uneydogJded snyd paxaJdjawad aun INO6ZL PUe aAlyisod uoljeynw
1eydso adulnod nsbuelr 19A JoN 0y Ysm paulquiod qewnediio] puodss -4493 YHM J1JSN PedueApY Il 999€1GE0LON qewnediio]
snjejs (u) aun Jayynuapi rob
suolledo] bBuninuday sjuaned ubisag Adeaayy uonipuo) aseyd -sjeliLiedun) bnag

"BUIYD Ul JTOSN PadueApe ay3 ul sioyqiyul |1-d/L-Ad Jo uoneanddy -G aiqel

journals.sagepub.com/home/tam

16


https://journals.sagepub.com/home/tam

J Qu, Q Mei et al.

Predictive biomarkers in anti-PD-1/PD-L1 immunotherapy
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Figure 2. Predictive biomarkers and challenges facing anti-programmed cell-death protein 1 (PD-1)/
programmed cell-death ligand 1 (PD-L1] treatment in advanced non-small-cell lung cancer (NSCLC].

For inhibiting NSCLC cells, the predictive biomarkers include high expression levels of PD-L1, high numbers of tumour
infiltrating lymphocytes (TILs), high tumour mutational burden (TMB), a high frequency of driver-gene alterations, high
microsatellite instability (MSI)/defective mismatch repair (AMMR), abnormal peripheral blood-based biomarkers, and high
expression levels of interferon gamma (IFN-y). After administration of anti-PD-1 or anti-PD-L1 antibodies, the interaction
between PD-1 and PD-L1/L2 is disrupted, inhibiting cell signalling pathways. T cells and other immune-related cells exert
anti-tumour effects; however, there are still many unresolved problems in the clinical use of anti-PD-1/PD-L1 therapies,
such as dynamic changes and heterogeneous differences in PD-L1 expression, a high frequency of immune-related adverse
events (irAEs), the lack of effective and accurate combination therapies, and resistance to anti-PD-1/PD-L1 treatment.
MHC, major histocompatibility complex; TCR, T cell receptor.

reflected worse clinical outcomes.!?* Another
group detected TMB in plasma through blood-
based cell-free DNA (cfDNA), and they were
able to successfully identify NSCLC patients
whose PFS was significantly improved after anti-
PD-L1 therapy.!?5> Chen ez al. collected tumour
tissue samples from 183 patients with NSCLC,
and then assessed PD-L1 expression levels by
immunohistochemical analysis, as well as TMB
status to assess correlations between PD-L1

expression, TMB, and clinical pathological char-
acteristics.!3®¢ They found that in addition to
quantifying existing PD-L1 expression levels,
monitoring the TMB could be a valuable non-
invasive biomarker for predicting the success of
chemotherapy and more targeted treatments.
This difference may be associated with the large
amount of tumour heterogeneity in NSCLCs. A
meta-analysis also found that the combination of
CD8" T-cell TILs, PD-L1 expression and TMB
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was strongly related to a reliable prognosis for
advanced NSCLC.137 On the other hand, the pre-
cise cut-off values and methods of optimally mon-
itoring TMBs need to be further explored in
future clinical studies.

Driver-gene alterations

Next-generation sequencing technology has been
able to identify thousands of mutations in large
cohorts for various cancers.!38 Ono ez al. investi-
gated 242 patients with NSCLC to assess driver
mutations using whole exome sequencing; they
found that the existence of driver-gene altera-
tions might be an independent factor that affects
prognosis in NSCLC.13%9 KRAS is one of the
most common driver oncogenes associated with
NSCLC.10 A study investigated NSCLC-
specific driver-gene alterations in the hope of
identifying potential immunotherapy biomark-
ers. The most common driver genes were TP53
(49%), KRAS (43%) and ERBB2 (13%).
Patients with KRAS mutations responded better
to PD-1 inhibitors and exhibited improved mPFS
and mOS than those without such mutations.!04
However, patients with ERBB-family mutations
failed to respond to anti-PD-1 therapy. There
was a case report of a 64-year-old non-smoking
man with squamous NSCLC with co-mutations
of TP53 and KRAS who received pembroli-
zumab combined with gemcitabine treatment;
this patient achieved PR, which had persisted for
over 7months at the time of publication.!4!
However, another study retrospectively identi-
fied patients with NSCLC who were harbouring
KRAS mutations who were treated with immu-
notherapy, and there was no significant differ-
ence between patients with or without KRAS
mutations in terms of mPFS.142 Another study
showed that the reason patients with KRAS
mutations responded better to PD-1/PD-L1
inhibitors was related to tumour immunogenic-
ity. NSCLC patients with KRAS mutations show
good clinical outcomes following treatment with
PD-1/PD-L1 inhibitors.143

MSI/dMMR

In addition to PD-1/PD-L1 expression analysis,
the presence of MSI is also a key reaction
marker.14* Studies have shown that genetic muta-
tions in the dMMR pathway can lead to MSI,
and high MSI is closely related to the increased
immunogenicity and immune response produced
by tumours. MSI is an excellent predictive

biomarker. Therefore, the FDA has approved
pembrolizumab to treat unresectable solid
tumours with high MSI or dMMR.1%5 The DNA
MMR pathway includes the mutLL homolog 1
(MLHI1), MSH (mutS homolog)-2, postmeiotic
segregation increased 2 (PMS2) and MSH-6 pro-
teins. When this pathway is defective (dMMR), it
can be used as a means to select patients for
immunotherapy. In addition, MSI frequency can
also be used to predict NSCLC.!!7 Similarly,
NSCLC patients with DNA polymerase epsilon
(POLE) and DNA polymerase delta 1 (POLD1)
gene mutations also have an objective clinical
response to pembrolizumab treatment and a cor-
responding degree of association.146:147 Therefore,
clinicians can further determine whether a patient
can use the epidemiology of the patient’s MSI/
dMMR to predict NSCLC prognosis.148

Peripheral blood-based biomarkers

Because biopsies of lung cancer tissue samples are
difficult to obtain, some alternative methods
include minimally invasive biopsy of peripheral
blood for practical reasons.!¥® Peripheral blood
contains DNA, RNA, and proteins released from
tumour tissues reflecting the dynamic changes in
the TME. The level of ctDNA in the peripheral
blood in the early stage of treatment provides valu-
able clues to the therapeutic effect. In various can-
cer types, including NSCLC, the detection of
highly mutated ctDNA is positively correlated with
a better clinical response to immune-checkpoint
blockade.!® Zhang er al. analysed individual
peripheral T-cell clones of 110 peripheral T cells
of NSCLC patients before and after the initiation
of PD-1 blockade.!5! They found that 25 genes
were significantly changed during tumour pro-
gression. These analyses help to understand the
dynamic changes of T-cell clones in the periph-
eral blood during PD-1 blockade of NSCLC.
Tanizaki er al. investigated 134 patients with
advanced or recurrent NSCLC treated with
nivolumab to evaluate the association between
survival and peripheral blood parameters; they
found that a low absolute neutrophil count, high
absolute lymphocyte count, and high absolute
eosinophil count were closely related to a better
clinical outcome in patients with NSCLC treated
with nivolumab.!52 In addition, Jiang ez al. investi-
gated 76 NSCLC patients to evaluate the relation-
ship between survival and peripheral blood markers
with ICI monotherapy; they found that a high
platelet-to-lymphocyte ratio and low albumin in
peripheral blood might be important indicators in
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advanced NSCLC patients treated with nivolumab
and durvalumab monotherapy.!53

IFN-y

IFN-y is a vital immune-regulatory molecule in
the TME released by tumour-reactive T cells.154
Recent studies have suggested that IFN-y is an
important driver of PD-L1 expression in tumours,
and it can significantly improve the response to
anti-PD-1 therapy.!>> The increased IFN-y levels
at baseline and at 3 months after anti-PD-1 ther-
apy were significantly correlated with improved
mOS.15¢ Recent studies have shown that in 17
NSCLC patients treated with nivolumab, mPFS
was obviously prolonged in those with high
expression levels of IFN-y, in contrast to those
with low expression of IFN-y (5.1 versus 2 months,
respectively; p=0.0124). This indicated that
IFN-y is a vital biomarker for NSCLC patients
treated with anti-PD-1 therapy.!57

Other potential biomarkers

Other potential biomarkers being investigated in
anti-PD-1/PD-L1 immunotherapy on NSCLC
include the pretreatment haemoglobin level,!58
serum vascular endothelial growth factor (VEGF)
concentration,!® serum lactate dehydrogenase
level,160 gut microbiome composition!!® and neo-
antigen load.!6!

Challenges for anti-PD-1/PD-L1 treatment

in advanced NSCLC

Currently, there are still many unresolved prob-
lems associated with the clinical use of anti-
PD-1/PD-L1 therapies (Figure 2). First, PD-L1
expression is a predictive biomarker of outcomes
of anti-PD-1/PD-L1 treatment, as it is corre-
lated with the efficacy of PD-1/PD-L1 inhibitor
therapy in NSCLC; however, this association
can be quite variable. For example, the improve-
ment in mOS by nivolumab and durvalumab
treatment for NSCLC was independent of
PD-L1 expression levels.”1:162 In immunohisto-
chemical analysis, the expression levels of PD-L1
are dynamic and heterogeneous, and this is fur-
ther complicated by issues related to antibody
specificity and detection techniques.!®3 In the
future, more valuable biomarkers may be identi-
fied by neoantigen prediction techniques, micro-
biota signatures, or high microsatellite instability
(MSI), all of which should be further explored in
clinical medicine.

The second challenge is the risk of irAEs associ-
ated with the use of anti-PD-1/PD-L1 monother-
apy for advanced NSCLC. Although the safety
profile of individual antibodies is favourable com-
pared with standard chemotherapy; the frequency
of irAEs in combination therapies was much
higher (Tables 2-4). For example, 53.6% of
patients who received atezolizumab plus chemo-
therapy developed irAEs, whereas only 29.1% of
patients in the group receiving chemotherapy
alone did.®! Therefore, better strategies to reduce
the risks of serious irAEs need to be explored in
future studies.

The third challenge of immunotherapy is decid-
ing how to effectively and accurately select the
best combination therapy for patients with
advanced NSCLC. Anti-PD-1/PD-L1 treat-
ment combined with chemotherapy is proven to
have great potential for improving ORRs.16%:165
Apart from chemotherapy, treatments with
VEGF, CTLA-4, chimeric antigen receptor T
cell, CRISPR-Cas9 gene editing or lymphocyte-
activation-protein-3 therapies could provide
additional choices for combination strategies in
future clinical studies.!7:166-169 Therefore, it is
important to establish a standard to guide and
determine the most appropriate combination
therapy for treating advanced NSCLC.

The fourth challenge is that some patients who
are resistant to anti-PD-1/PD-L1 therapy experi-
ence a poor prognosis after treatment. The under-
lying resistance mechanism is a very complicated
process, and little is known about the potential
tumour-related antigens associated with TMB
resistance to anti-PD-1/PD-L1 therapy or the
genetic determinants of a good prognosis.

Conclusion

To date, four anti-PD-1/PD-L1 drugs, including
pembrolizumab, nivolumab, atezolizumab and
durvalumab, have been registered and approved
for the neoadjuvant, first-line and second-line
treatment of NSCLC. With the approval of ICISs,
immune-checkpoint therapy based on modulat-
ing PD-1/PD-L1 signalling provides more
choices for treating advanced NSCLC patients.
However, the ORR after ICI treatment is only
14-20% in NSCLC patients who are not identi-
fied beforehand as being likely to experience a
good prognosis. Therefore, identification of pre-
dictive biomarkers is crucial for selecting patients
with NSCLC who would most benefit from
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anti-PD-1/PD-L1 therapy. Although the clinical
application of anti-PD-1/PD-L1 therapy is still at
an early stage, there are an increasing number of
ongoing clinical trials to assess the efficacy of
anti-PD-1/PD-L1 treatment. EGFR mutation
rates and microbiome differences may affect the
efficacy of anti-PD-1/PD-L1 treatment. ALK
rearrangements in patients with advanced
NSCLC are associated with beneficial outcomes
and prolonged mOS from anti-PD-1/PD-L1
treatment compared with chemotherapy, when
administered as second-line treatment. Patients
with KRAS mutations experienced a longer
mPFS and mOS than patients without a KRAS
mutation using anti-PD-1/PD-L1 treatment, thus
immunotherapy may be a promising strategy with
KRAS mutation of NSCLC owing to regulating
immune response. Therefore, with the continu-
ous development of clinical trials, more retro-
spective and prospective clinical studies need to
comprehensively evaluate more underlying bio-
markers to improve treatment efficacy and enable
more NSCLC patients to benefit from ICIs for
anti-PD-1/PD-L1 therapy.
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