OncoTargets and Therapy downloaded from https://www.dovepress.com/

For personal use only.

OncoTargets and Therapy

3

Dove

REVIEW

PD-1/PD-L1 blockades in non-small-cell lung

cancer therapy

Wang Jing'2*
Miaomiao Li**
Yan Zhang?
Feifei Teng?
Angin Han?

Li Kong?

Hui Zhu?

'Weifang Medical University, Weifang,
Shandong Province, People’s Republic
of China; ?Department of Radiation
Oncology, Shandong Cancer Hospital
and Institute, Jinan, Shandong
Province, People’s Republic of China;
3Shandong Medical College, Jinan,
Shandong Province, People’s Republic
of China

*Both these authors contributed
equally to the work

Correspondence: Hui Zhu

Department of Radiation Oncology,
Shandong Cancer Hospital and Institute,
440 Jiyan Road, Jinan 250117, Shandong
Province, People’s Republic of China
Tel +86 531 6762 6112

Fax +86 531 8798 4079

Email drzhuhui@ |63.com

This article was published in the following Dove Press journal:
OncoTargets and Therapy

25 January 2016
Number of times this article has been viewed

Abstract: Lung cancer is the leading cause of cancer death in males and the second leading
cause of death in females worldwide. Non-small-cell lung cancer (NSCLC) is the main patho-
logical type of lung cancer, and most newly diagnosed NSCLC patients cannot undergo surgery
because the disease is already locally advanced or metastatic. Despite chemoradiotherapy and
targeted therapy improving clinical outcomes, overall survival remains poor. Immune checkpoint
blockade, especially blockade of programmed death-1 (PD-1) receptor and its ligand PD-L1,
achieved robust responses and improved survival for patients with locally advanced/metastatic
NSCLC in preclinical and clinical studies. However, with regard to PD-1/PD-L1 checkpoint
blockade as monotherapy or in combination with other antitumor therapies, such as chemo-
therapy, radiotherapy (including conventional irradiation and stereotactic body radiotherapy),
and target therapy, there are still many unknowns in treating patients with NSCLC. Despite this
limited understanding, checkpoint blockade as a novel therapeutic approach may change the
treatment paradigm of NSCLC in the future. Here we review the main results from completed
and ongoing studies to investigate the feasibility of PD-1/PD-L1 inhibitors, as monotherapy
or combinatorial agents in patients with locally advanced and metastatic NSCLC, and explore
optimal strategy in such patients.
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Introduction

Lung cancer is the leading cause of cancer death in males, and the second leading
cause of death in females worldwide. In 2008, a total of 1.6 million cases of lung
cancer were diagnosed, and 1.4 million deaths occurred.! Approximately 85% of
lung cancers are non-small-cell lung cancers (NSCLCs), which can be classified in
two histological subgroups: squamous cell (Sq) and nonsquamous (non-Sq) cell lung
cancer. Traditionally, surgery provides the best chance for cure, but unfortunately,
the resection rate is as low as 25%-30%.> Emerging evidence suggested that efficacy
of stereotactic body radiation therapy (SBRT) for operable NSCLC patients was
comparable with surgery; however, the 3-year overall survival (OS) rate was only
76.0%.* Most newly diagnosed NSCLC patients, approximately 85%, cannot undergo
surgery because of locally advanced (Stage I1I1B; 22%) or metastatic (Stage IV; 56%)
disease.*’ And according to data from SEER, the corresponding 5-year OS rates were
27.4% for regional and 4.2% for distant, even including partial small-cell lung cancer
with a poorer prognosis.® Platinum-based chemotherapy, with or without maintenance,
was a standard treatment for most patients with advanced NSCLC, while for patients
with sensitivity gene mutation, chemotherapy or targeted therapy was the standardized
treatment. However, despite the major advances achieved for advanced or metastatic
NSCLC over the past decade, survival remains poor, with median survival times
of approximately 8-12 months and the 5-year survival rate being only 4%—5%.%10
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Thus, new therapeutic approaches to improve clinical out-
comes are urgently needed.

Immunotherapy, especially immune checkpoint inhibition
therapy, is a promising therapeutic approach currently being
explored for treatment-naive or treated patients. The goal
of immunotherapy is to recognize and eradicate tumors
by restoring the capacity of the host’s immune. Effector
T-cells played a pivotal role in immunotherapy progression
by activation of naive T-cells; to become fully activated,
T-cells rely on two signals: one is the interaction of antigenic
peptide—major histocompatibility complex (MHC) with
the T-cell receptor (TCR), and the other is provided by the
antigen-independent costimulatory signal, which consists
of activating signals, such as the engagement of CD28 by
B7-1 and B7-2, and inhibitory signals, such as cytotoxic T
lymphocyte-associated antigen 4 (CTLA-4) and programmed
death-1 (PD-1) receptor pathways.!! PD-1 ligand 1 (PD-L1)
was highly expressed in many type of cancers or induced by
high expression of the cytokine IFN-ysecreted by tumor cells
(TCs). This engagement of PD-1 and its ligands inhibiting
the activation of T-cells may be utilized by TCs to evade
immune surveillance. Although PD-L2 blockade can inhibit
the function of activated T-cells in theory, an in vivo study
showed a greater effect was achieved by targeting the anti-
PD-L1 blockade compared with anti-PD-L2 blockade.!' So
far, the targeted therapy on anti-PD-1 and anti-PD-L1 have
greatly advanced the treatment of NSCLC.

A series of preclinical and clinical studies indicate that
immunotherapy with PD-1/PD-L1 checkpoint blockades
achieve robust immune responses and improved clini-
cal outcomes. Checkpoint blockade is considered to be a
promising tool for the treatment of lung cancer, combined
with chemotherapy or radiotherapy, or combined with
targeted therapy. However, there are still many unknowns
involving the use of immune checkpoint inhibitors as mono-
therapy or in combination with other antitumor therapies
in patients with NSCLC. Therefore, we reviewed several
completed or ongoing trials to discuss the clinical impact of
PD-1/PD-L1 blockade on patient outcomes and the poten-
tial role for PD-1/PD-L1 inhibitors as a monotherapy or in
combination with other therapies.

Mechanism of PD-1 and its ligands
in cancers and preclinical studies

The effector cells of tumor immune response mainly
include cytotoxic T-lymphocytes, natural killer cells, and
macrophages. T-cells are delivered by the binding of the
TCR to the antigen peptide-MHC complex, thereby forming

an antigen—-MHC-TCR complex. T-cells will be completely
activated with the help of costimulatory signal, which con-
sists of activating signals, such as the engagement of CD28 by
B7-1 and B7-2, and inhibitory signals, such as CTLA-4 and
PD-1 pathways. PD-1 is a Type I transmembrane protein and
is expressed on T-cells, B-cells, nature killer cells, activated
monocytes, and dendritic cells (DCs). PD-L1 and PD-L2, two
ligands of PD-1, are also Type I transmembrane proteins and
differ in their expression patterns. PD-L1 can be expressed
on T-cells, B-cells, DCs, macrophages, a wide variety of
nonhematopoietic cells, and also on TCs.!""* PD-1 and its
ligands consist of a signal sequence, immunoglobulin (Ig)
domain and transmembrane domains, and a short cytoplasmic
tail. PD-1 is phosphorylated on its two intracellular tyrosines
after PD-1 binding to PD-L1 or PD-L2 based on their IgV-
like domain. Then PD-1 binds two phosphatases, SHP-1 and
SHP-2, which can bind to the ITIM and ITSM motifs of PD-1,
which will downregulate antigen receptor signaling.!’!41°
The engagement of PD-1 by PD-L1 and PD-L2 inhibits the
function of effector T-cells, while the engagement of B7-1/
B7-2 and its ligand CD28 simulate T-cells proliferation.
However, PD-L1, not PD-L2, is a binding partner for B7-1
and competitively binds B7-1 with an affinity greater than
CD28, which reduces the function of B7-1-CD28 pathway-
activated T-cells. Furthermore, both PD-L1 and PD-L2 do not
bind to B7-2. In addition, PD-L2 expression was restricted
to antigen-presenting cells and Th2 cells, and its impact on
monitoring T-cells is not as well understood.'"'¢ All of these
demonstrate that blocking PD-1 and PD-L1 pathways is more
meaningful than blocking PD-L2 pathway.

Numerous preclinical studies showed PD-1/PD-L1
caused dysfunction of tumor-infiltrating lymphocytes (TILs).
A preclinical study from Japan showed fewer TILs in PD-
L1-positive tumor regions compared with PD-L1-negative
tumor regions (P=0.01); moreover, the percentage of TILs
expressing PD-1 in PD-L1-positive tumor regions was
significantly lower than in PD-L1-negative tumor regions
(P=0.02)."* Zhang et al'” detected PD-1 expression on CD8*
T-cells from normal control peripheral blood mononuclear
cells (PBMCs) and the PBMCs of NSCLC patients. Results
showed that CD8* TIL had increased PD-1 expression and
impaired immune function. Blockade of PD-1/PD-L1 partially
restored the function of T-cells."”

Correlation between PD-1/PD-LI

expression and clinical activity
In the era of precision medicine, selection of patients most
likely to benefit from specific treatments is vital. Therefore, it
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is particularly important to screen for effective predictive bio-
markers. Unfortunately, many questions regarding predictive
biomarkers remain unanswered. It is uncertain whether it is
the expression of PD-L1 on TCs or immune cells (ICs) that
is associated with prognosis. In addition, the correlation of
expression level of PD-L1 in TCs or ICs and prognosis is
still not clear. Furthermore, the relationship of the efficacy
of PD-L1/PD-1 blockade and the pathological types of lung
cancer also remains to be determined. Studies regarding
PD-L1 expression and associated with overall response rate
(ORR) are summarized in Table 1.

Approximately 60% of NSCLC specimens tested
demonstrate PD-L1 expression.' In a recent Phase I study
for nivolumab as first-line monotherapy to treat advanced
NSCLC patients, the ORR was 31% in PD-L1-positive
tumors, whereas it was 10% in PD-L1-negative tumors."
Another Phase II study for nivolumab in SQNSCLC patients
with greater than or equal to two prior regimens showed
24% of PD-L1-positive patients (expression more than 5%)
and more than 14% in PD-L1-negative patients achieved a
partial response.?’ Carbognin et al*! analyzed data from 20
trials, including seven trials regarding NSCLC with 511
patients, and demonstrated higher ORR occurred in PD-L1-
positive patients (23.2% versus 14.5%, P=0.0216). It seems
that response varied with different PD-L1 inhibitors. For
nivolumab and pembrolizumab, rather than MPDL3280A,
ORR was significantly higher in PD-L1-positive tumors than
that in PD-L1-negative tumors.

Another anti-PD-1 drug, pembrolizumab, in a Phase I
trial, demonstrated the greatest anticancer efficacy in patients

Table | PD-L| expression and association with ORR

with PD-L1 staining in =50% of TCs, with an ORR of
45.2%.%2 Updated data showed the ORR was 47% in the
aforementioned group of patients, which was significantly
higher than that in patients with PD-L1 staining in <50%
of TCs.? In a Phase Ia study of MPDL3280A in patients
with locally advanced or metastatic solid tumors, including
NSCLC, the correlation of ORR and PD-L1 expression on
ICs or TCs was analyzed.?* PD-L1 positivity was defined
as =5% of ICs or TCs staining for PD-L1 by immunohis-
tochemistry (IHC). IHC score was ranked 0-3, which was
defined as; PD-L1 positive in <1%, =1% but <5%, =5%
but <10%, or =10% of cells per area, respectively. For
patients with NSCLC, PD-L1 positivity determined by IHC
was significantly associated with response to MPDL3280A.
Updated data presented at the 2015 American Society of
Clinical Oncology (ASCO) Annual Meeting showed that
the ORR was significantly higher in patients with PD-L1
expression of TC level 3 or IC level 3 (45%, n=20) than
that in patients with PD-L1 expression of TC levels 0/1/2
and IC levels 0/1/2 (14%, n=58).> Another Phase II study
(FIR) of MPDL3280A conducted in Stage I1IB/IV NSCLC
also indicated that high PD-L1 expression was associated
with a higher ORR.?® An open-label, nonrandomized,
multicenter Phase Ib study is being done to evaluate the safety
and efficacy of pembrolizumab (MK-3475) in patients with
PD-L1-positive advanced NSCLC.”’

It seems likely that PD-L1 expression is closely cor-
related with the curative efficacy of immune checkpoint
inhibitors. However, CheckMate 017, a randomized,
open-label, international Phase III study of nivolumab

Authors ORR (%) Agents Pts (no) Cutoff value  Detection Antibody Evaluation
PD-LI* PD-LI- for PD-LI" (%) methods criterion
Gettinger et al® 3| 10 Nivo Treatment-naive 5 IHC Clone 28-8 RECIST vl.I
NSCLC (52)
Rizvi et al*® 24 (PR) 14 (PR) Nivo SqNSCLC; =2 prior 5 IHC ND Irc-RECIST vl.1
regimens (117)
Carbognin et al*’  23.2 14.5 Nivo First-line or =2 prior I 'and 5 IHC ND RECIST
Pembro regimens (511)
MPDL3280A
Rizvi et al® 47 (=50%) 14 Pembro Treatment-naive | IHC 22C3 RECIST vlI.1
19 (1%—49%) NSCLC (l0l)
Horn et al® 45 (=10%) 14 (<10%) MPDL3280A Locally advanced or 5 IHC SP142 RECIST vl.1
metastatic NSCLC (88)
Spigel et al* 29 (=10%) NR MPDL3280A Treatment-naive; 5 IHC SP142 RECIST vI.I
27 (=10%) =2L without BM
25 (=10%) =2L with treated

asymptomatic BM (137)

Abbreviations: ORR, overall response rate; PR, partial response; PD-L1*~, programmed death ligand | positive/negative; Nivo, nivolumab; Pembro, pembrolizumab; NR, not
reported; Pts, patients; no, number of patients; Sq NSCLC, squamous non-small-cell lung cancer; 2L, second-line; BM, brain metastasis; Irc-RECIST, independent radiotherapy
review committee-Response Evaluation Criteria in Solid Tumors; IHC, immunohistochemistry; ND, no data.
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versus docetaxel for patients with advanced SqQNSCLC
during or after failed first-line chemotherapy, indicated that
PD-L1 expression was neither prognostic nor predictive of
benefit regardless of the expression levels of PD-L1 (1%,
5%, or 10%) as determined by OS and progression-free
survival (PFS) rates.?® Interestingly, however, in previously
treated patients with advanced non-SqQNSCLC, the study,
CheckMate 057, indicated that ORR was significantly higher
in the nivolumab arm (31%) than the docetaxel arm (12%)
at PD-L1 expression level =1%.% This phenomenon was
also observed between nivolumab and docetaxel arms at
PD-L1 levels =5% and =10%. Efficacy of nivolumab may
be related to the pathological type of NSCLC, but this is
not clear at present. The use of PD-L1 expression status and
the expression level of PD-L1 as predictors of the response
to checkpoint inhibitors or as biomarkers of prognosis
remains controversial. Combined levels of PD-1 and PD-L1
probably predict the prognosis of SQNSCLC.3® However,
a meta-analysis to investigate correlation between PD-L1
expression and clinicopathological features of NSCLC
showed that PD-L1 expression was not associated with
histological type, except tumor differentiation.’' In another
meta-analysis, the correlation between PD-L1 expression
and the prognosis of patients with NSCLC was investigat-
ed.’? Pooled hazard ratio (HR) was 1.75 (95% confidence
interval: 1.40-2.20, P<<0.001), with significant difference
between positive and negative PD-L1 expressions. High
level of PD-L1 was associated with increased mortality
rates for NSCLC patients. However, this meta-analysis did
not provide the correlation between the levels of PD-L1
expression and prognosis.

In addition, there appear to be many factors that may result
in inconsistent results. The PD-L1 expression score is defined
by IHC methods, which are influenced by subjective factors.
In addition, different cutoff values, which were often defined
as 1%, 5%, and 10%, may lead to inconsistent outcomes.
In this era of precision medicine, highly selected patients
to participate in these studies are urged. Choosing different
biomarkers may be necessary to improve outcomes for dif-
ferent tumors. DNA mismatch repair (MMR) is a system for
recognizing and repairing errors of bases that can arise during
DNA replication and recombination, as well as repairing
some forms of DNA damage. A recent study demonstrated
that several immune checkpoint ligands, including PD-L1
and PD-1, were strongly expressed in the MMR-deficient
(dAMMR) tumor microenvironment.** A Phase II trial that
enrolled 41 patients with treatment-refractory progressive
metastatic cancer, including eleven patients with dAMMR

colorectal cancer (CRC), 21 patients with MMR-proficient
(PMMR) cancer, and nine patients with dIMMR non-CRC,
was designed to evaluate the clinical activity of pembroli-
zumab with a dose of 10 mg/kg of body weight every 14
days intravenously .3 Results showed that the immune-related
ORR was 40% for dIMMR CRCs and 0% for pMMR CRCs;
furthermore, the median PFS and OS were not reached in
the cohort with dAMMR CRC but 2.2 and 5.0 months, respec-
tively, in the cohort with pMMR CRC (HR for death 0.22,
P=0.05). Some studies revealed that MMR gene polymor-
phisms were associated with lung cancer development.>3
Those studies suggested that MMR may be an effective pre-
dictive biomarker of checkpoint inhibitors and a prognostic
factor for clinical outcomes.

Response Evaluation Criteria in Solid Tumors (RECIST)
was commonly used to evaluate response rate in many
trials and was designed to assess solid tumors treated with
chemoradiotherapy and targeted treatment. However, most
studies have demonstrated that immune response is durable
and maintained for a long period of time. RECIST may
not accurately describe responses observed because of
pseudoprogression.’” New criteria have been developed to
assess responses to immunotherapy.’® Different diagnostic
antibodies to assess PD-L1 or PD-1 expression may also
impact the observation of ORR, and in addition, different
technical staining platforms and different definitions of
“positive” IHC staining can still have a significant influence
on the analysis of outcomes.*

PD-1/PD-LI inhibitors as
monotherapy in NSCLC

In this section, we summarized some Phase I-III clinical
trial data that led to use of checkpoint inhibitors, such as
nivolumab, pembrolizumab, MPDL3280A, and MEDI4736,
as multi-, third-, second-, and first-line therapy. Lung
cancer, the second major tumor type so targeted, is the
subject of extensive immunotherapy research efforts after
the first important and consequential breakthrough made in
melanoma. Although lung cancer has been considered to
be a nonimmunogenic tumor, the discovery of checkpoint
inhibitors has created interest in using immunotherapy in
NSCLC. These inhibitors of immune monitoring showed
promising efficacy in multiple lines, second-line, and even
first-line treatment. Checkpoint blockade research has
generated a great deal of interest in the field of immuno-
therapy. Many monoclonal antibodies (mAbs) have been
designed to block this immune checkpoint. Currently,
the most commonly used PD-1 inhibitors are nivolumab
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and pembrolizumab, and the major PD-L1 inhibitors are
MPDL3280A and MEDI4736 (Table 2). Several clinical
research studies have indicated promising efficacy and
well-tolerated toxicities. Recently, a meta-analysis was
conducted to evaluate the efficacy and safety of anti-PD-1
and anti-PD-L1 mAbs in the treatment of NSCLC.* For
patients treated with anti-PD-1 agents, the higher ORR
was observed in the median-dose cohort (3 mg/kg) than
that in both low-dose (1 mg/kg) and high-dose (10 mg/kg)
cohort with significant difference. Rates of common adverse
events (AEs) of anti-PD-1 agents were acceptable, including
4.6% fatigue, 6.7% gastrointestinal disorders, 11.8% skin
disorders, and 3.2% pneumonitis. Rates of Grade 3—4 AEs
and drug-related death were 16.7% and 2.5% for patients
with PD-1 inhibition therapy, respectively, whereas it was
31.7% and 1.8% for patients with PD-L1 inhibition therapy,
respectively. These data indicated that blockade of PD-1/
PD-L1 pathway was safe and effective.

A Phase I trial enrolled 122 advanced NSCLC patients
who had received one to five systemic treatment regimens
with nivolumab, which was administered at a dose of 1.0,
3.0, or 10.0 mg/kg.*' Results showed that the pooled ORR
was 18.4% (14/76), using the modified RECIST. There
was no dose-limiting toxicity (DLT), and the response of
two patients lasted 1 year or more; for patients with a dose
of 3.0 mg/kg, ORR was as high as 32%. Another Phase
I, dose-escalation cohort expansion trial enrolled 129
advanced NSCLC patients with one to five prior regimens.*
For the entire group, median OS was 9.9 months, whereas
it was 14.9 months in the 37 patients receiving 3 mg/kg
nivolumab, 9.5 months in SQNSCLC patients, and 18.2
months in non-SqNSCLC patients. Only 14% of patients
had Grade 3-4 treatment-related AEs, and the most com-
mon AE was fatigue (3%), and three patients (2%) died of
pneumonitis.

As a third-line therapy for locally advanced or metastatic
NSCLC, nivolumab has shown promising responses and
acceptable toxicity levels. CheckMate 063, a Phase II, single-
arm trial, enrolled 117 patients with advanced SqQNSCLC
who had been treated with greater than or equal to two agents

previously.? Nivolumab was administered as an intravenous
infusion, 3 mg/kg every 2 weeks until disease progression or
unacceptable AEs occurred. Finally, 17 of 117 patients were
assessed for an objective response. At the time of analysis,
13 (77%) patients had an ongoing response and the median
duration of response (mDOR) was not reached. Thirty (26%)
of 117 patients had stable disease with a median duration of
6.0 months and the median OS was 8.2 months. Grade 34
treatment-related AEs occurred in 17% of patients; only two
patients died of treatment-related pneumonia and ischemic
stroke. Early data from CheckMate 153 also showed promis-
ing ORR and manageable immune-associated toxicities for
those patients who had also been treated with at least two
prior systemic regimens.*

Nivolumab has also demonstrated significant effective-
ness in patients with NSCLC as second-line monotherapy
and has been discussed in this section and in the Correla-
tion between PD-1/PD-L1 expression and clinical activity
section. To evaluate the safety and efficacy of nivolumab
as first-line monotherapy, a Phase I study was conducted;
this study enrolled 52 chemotherapy-naive patients with
advanced NSCLC." At the time the abstract was published,
the mDOR was not reached (range: 7.6+, 85.6+ weeks). The
median OS was 98.3 weeks (range: 1.0, 104.44+ weeks); these
data were encouraging, irrespective of whether tumor was
PD-L1 positive or not. Updated OS and safety data will be
presented in the future. As a result of improved outcomes
with nivolumab treatment for NSCLC that has progressed
while undergoing or after platinum-based chemotherapy,
nivolumab became the first PD-1 inhibitor to be approved
by the US Food and Drug Administration (FDA) for use in
such patients.

Pembrolizumab, which was initially approved for the
treatment of melanoma, has received the FDA’s breakthrough
therapy designation for advanced NSCLC patients without
driver genes who have progressed while undergoing or after
standard chemotherapy. The data from KEYNOTE-001,
which enrolled 495 patients, showed promising outcomes and
manageable toxicities.” The pooled ORR was 19.4% with the
use of RECIST version 1.1, with a response rate of 18.0% and

Table 2 Common PD-1/PD-LI checkpoint inhibitors in clinical use for the treatment of NSCLC

Drug Company Description Blockade site
Nivolumab Bristol-Myers Squibb Fully human 1gG4 mAb PD-I on T-cells
Pembrolizumab Merck Sharp & Dohme Corp Humanized IgG4 mAb PD-1 on T-cells
MPDL3280A Roche Human IgGl mAb PD-LI on TCs
MEDI4736 AstraZeneca Fully human IgG1 mAb PD-LI on TCs

Abbreviations: IgG, Immunoglobulin G; mAb, monoclonal antibody; NSCLC, non-small-cell lung cancer; PD-1, programmed death |; PD-LI, programmed death ligand |;

TCs, tumor cells.
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24.8% in the previously treated patients and untreated patients,
respectively. Median PFS and OS were 3.0 and 9.3 months
in treated patients, respectively, compared with 6.0 months
and 16.2 months in previously untreated patients. Only 9.5%
of AEs (47/495) less than or equal to Grade 3 were reported
and evaluated using the National Cancer Institute Common
Terminology Criteria for Adverse Events version 4.0.
Now, two randomized, open-label, Phase III studies,
KEYNOTE-042 and KEYNOTE-024, were designed to
evaluate pembrolizumab as first-line monotherapy compared
to platinum-based chemotherapy in PD-L1-positive patients
with locally advanced or metastatic NSCLC.#4
MPDL3280A, which was administered intravenously
every 3 weeks as monotherapy in patients with incur-
able advanced NSCLC, also showed a promising ORR of
23% (12/53).2* In POPLAR, a Phase II study comparing
MPDL3280A and docetaxel in second-line/third-line
NSCLC, reported in the 2015 ASCO meetings, the intention-
to-treat interim analysis median OS was 11.4 months for
the MPDL3280A group and higher than 9.5 months for
the docetaxel group, but the difference was not statisti-
cally significant.*® Results from subgroup analysis in those
patients with PD-L1 expression level of TCs categorized as
1/2/3 or ICs categorized as 1/2/3 revealed that the interim
median OS was not reached for the MPDL3280A group but
was 9.1 months for the docetaxel group (P=0.024). Now,
another Phase II study, the ATLANTIC, has been designed
to evaluate the efficacy of MEDI4736 as a third-line therapy
in patients with locally advanced or metastatic NSCLC.*
A Phase III study, the OAK, is investigating MPDL3280A
in comparison with docetaxel as second-line treatment, and
a Phase II study, BIRCH, is recruiting participants to observe
the response of MPDL3280A as first-, second-, and third-line
therapy for PD-L1-positive patients with locally or metastatic
NSCLC.*® PD-1/PD-L1 inhibitors used as monotherapy to
treat NSCLC showed the therapeutic effectiveness. Several
studies that combine PD-1/PD-L1 with chemoradiotherapy
and tyrosine kinase inhibitor (TKI)-targeted therapy also
showed promising results, which will be discussed in subse-
quent sections. Completed Phase I1I and ongoing Phase II/I11
studies regarding PD-1/PD-L1 checkpoint inhibitors in
NSCLC are summarized in Tables 3 and 4, respectively.

PD-1/PD-LI in combination with
chemotherapy in NSCLC

Platinum-based doublet chemotherapy was the standard
of care for nononcogene-driven advanced NSCLC, with
ORR approximately 30% and median OS of 810 months.

Table 3 Completed Phase Ill studies about PD-1/PD-LI checkpoint inhibitors in NSCLC

Study

Evaluation
criteria

Grade 3—-4 treatment-

related AEs
17% (20/117)

Outcomes

Pts (no)

Phase

Agents

Authors

Names

identifier

NCT01721759

RECIST vl.1

mDOR not reached (95% Cl 8.31

— not applicable)

=2 prior agents; advanced/
refractory SQNSCLC (117)

Nivo 3 mg/kg Q2W

Rizvi et al®

CheckMate 063

Fatigue 4%, pneumonitis
3%, diarrhea 3%

mPFS 1.9 mo (95% Cl 1.8-3.2)

mOS 8.2 mo (95% Cl 6.1-10.9)

Nivo versus DOC

NCTO01642004

RECIST vl.1

Nivo versus DOC

Advanced SqNSCLGC; failure
of prior-platinum doublet-

Nivo 3 mg/kg Q2W
DOC 75 mg/m?
Q3w

Brahmer et al®®

CheckMate 017

7% (9/131) versus 55%

(711129)

mOS 9.2 versus 6.0 mo

mPFS 3.5 versus 2.8 mo

based chemotherapy (272)

RECIST vl.1 NCTO01673867

Nivo versus DOC
10% versus 54%

mDOR not reached versus 8.4 mo
0.0015

Nivo versus DOC
mOS 12.2 mo versus 9.4 mo

mDOR 17.2 mo versus 5.6 mo
P

ORR 9% versus 12%
2.3 mo versus 4.2 mo

mPFS

Non-SqNSCLGC; failure of
first-line treatment (582)

Nivo 3 mg/kg Q2W
DOC 75 mg/m?
Q3w

Paz-Ares?”

Abbreviations: AEs, adverse events; Pts, patients; no, numbers; Nivo, nivolumab; DOC, docetaxel; Q*W, every * weeks; non-SqNSCLC, nonsquamous non-small-cell lung cancer; mDOR, median duration of response; mo, months;

mOS, median overall survival; mPFS, median progression-free survival; Cl, confidence interval; RECIST, Response Evaluation Criteria in Solid Tumors; ORR, overall response rate.

CheckMate 057

494 submit your manuscript
Dove

OncoTargets and Therapy 2016:9


www.dovepress.com
www.dovepress.com
www.dovepress.com

PD-1/PD-LI in NSCLC

Dove

"9AIND B3 JOPUN AR ‘DY ‘34odad ou YN ‘SIUDAT
9SJ9APY 40} BLISIID ASOjoulWIS | UoWWOD) ‘JyD | D ‘SIown] PIjOS Ul BLI9IIID UOREN|eA] Ssuodsay Payipow ‘] §|DIYW (SIUSAS 9SJ9APE ‘sTy ‘asuodsad paulelsns dosp ‘YsQ ‘93.d [0.43U0D 3sBISIP YD ‘oseasip dAIssauSoud ‘qd ‘aseasip
9|qe3s ‘gs ‘osuodsau [enJed/e19|dwod “Yd YD 938 9su0dsau [[BIDA0 “YYO ‘[BAIAINS 93.1j-UOISS.10.1d UBIPIW ‘S{JWU {[BAIAINS [[BISAO UBIPAW ‘SOW ‘dsuodsad jo uoneanp uelpaw YOgu ‘Adeisayrolpes Apoq d110e109.193s ‘| YgS S}o9M 4 A19Ad
‘MO {1 ABp ‘| @ tAIshousAe.IIUl ‘Al L192UBD Bun| [[92-|[BWS-UOU ‘DTDSN {[9XB1920p ‘DO 948d JO pJepuRls ‘DS ‘qewnzijoiquiad ‘0iquiad ‘Gewn|oAlu ‘OAIN @AnIsod | pued)| yaesp pawweaSoud “+|7-Ad ‘siusned ‘sid :suolyelrsiqqy

sonaupjodew.eyd
‘h1afes ‘Sid YO WYO

(871) D1OSN

529 1¥9%810LON  I'IA LSIDIYW 910z aunf/€ 10T Ael /(LSIDTYW) Y40  MAED 1A 3w 00T Al VOBZETAdIN  213e3seIdaw 4o padueApe A|[exo] +|7-ad Il V08Z€1ddIW
L10T 22 “Ysd ‘SO (egp) suswiBas dopd 7=
#€CY/L80C0LON I"1A 1SID3Y Kel\/i107 Aenugad YDA ‘Sdd “YOA/IYHO MTO 1A Al 9ELVIATWN  “DTOSN 2REISEISW/PIOUBADE 4][€207] I 9€L¥IAIN
(£87) uswidau paseq-wnuneld
£10T  S3V ‘Sdd YO ‘sewodino MED Al W/w 6/ D0Qd Joud | Sumoyjoy 4o Sutinp ad
#E€66E0610LDN  1'IALSIDIY  Adenigad/g |0 Isn3ny paiioday $3d/SO MED Al 8w 00T'] VOBZETAdIN  *DTDSN 2HEISEI3L/PIUBAPE 4|[e207] Il DOQ sns4A Y08TETAdIW
DOS SNSJIA qRWNWIRW.Y
SNSJI9A qRWINWIRWRY +9€ /4TI
/107 42qWiaAoN yoda SNSJ9A 9€/4|AQTIN g ApnIsqng (006) suswidau Jdoud 7= DOS shsJdaA
«8V6TSETOLON N /§10T Adenuef 4YO ‘TUSO/Sd ‘SO DOS SNSI9A 9€/HIQIN IV APMISqNS  {DTDSN d1EISEIDW/PIUBADE A|[e07] Il qewnuipwail +9¢/¢1A3N
Aiixol ‘yiesp (y£) suoisa| (dneasersw)
10 d 01 3wn ‘as “Yd ADgXe 14dS ajededss 7= Adessypowsyd SUO|E 0JquIdg
«89ST6FTOLON  I'IA LSIDIY 9107 4290320/5 10T AIN[ YD 0 38eauaduad/yyo MED 3w 00T qewnzijoquidg Jod | = 'D7DSN dneIsed|y [l SNSJ49A 19YgS J93e 04quind
8107 SIV ‘SO ‘Sdd/siseasersw (£6) uoneipeIOWYD IUSLINDUOD Adessypouow
«TS6EFETOLON N AJdenue(/G |07 Y2Jel 3UBISIp JO YIBOp O3 DI | MED Al 8w 00z qewnzijoiquiad  J93ye uoissaJdoud oN :DTDSN |l 2381 Il Pa1EpI|OSUOD SE 0UquIdd
(00€) DTIDSN dnEIseIsw aAleu Adesaypowsyd paseq
+8€LT¥1T0LON ["I1A 1SID3Y  810T ABIN/#10T 3sn3ny YYO ‘SO/S4d  AMED 1d Al 8w 00T qewnzijoaquiag -Juswiea.n Suissaadxs 3uoas |7-Ad Il -wnuned snsiaA ouquidg
$3]942 9 Jo wNWIXew e 4o} AAED |d
LW/Bw 0o paxa.zowad/w/Bw 0oz
lexeoed +9/5DNYV :uneidog.ed (ovz'n)
syusunes.y g¢ o1 dn oy DTDSN J1IEISEISW IO PIdUBAPE
#¥680CCCOLON YN 610 AINf/10T 4290320 S4d/SO  MED 1A Al 8w 00T qewinzijoiquiag Ajredo) aareu-Adesaypowayd , | 7-ad 1] DOS shs.aA o.dquisd
610C (g4) uoneipeaowsayd aulj-1s.i pJepuels Adessypouow
+s|80FEFCOLON  0vA IVOLD asndny/g |0z snSny  shiuownaud g= apei /3w ¢ qewnjoalN  Jee uoissauSoad ou (DTSN 1] 8eIs I pa3epljosuod se OAIN
610C (08€*1) suswiau dopd | =
#9€9990C0LON  0'%A3VOLD UYael/i | 0T Adenagay s3v apeus-ysiH MTO 33w € qRWNOAIN  *DTDSN JNEISEIDW/PIdUBADE 4|20 1] OAIN
FETTTRITET] el ajep uonajdwod syutodpua (3uswijjoausa
Apmig uoljenjeA] PpajewiIsa/arep yielsg Aaepuodasjhiewrad udisap Apnig pajewysa) 3upnias s3d 9Sseyd sjuady

DTSN Ut siouquyui auedpayd |7-Ad/1-Ad Nogqe saipms [j/] seyd 3uloSuQ ¥ lqe.L

495

submit your manuscript

OncoTargets and Therapy 2016:9

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Jing et al

Dove

However, treatment options were limited for some patients,
such as those with poor performance status. Furthermore,
some agent-associated toxicities are so significant that some
patients cannot tolerate this therapy. Immunotherapy is a
novel therapeutic strategy for the treatment of lung cancer.
Immunotherapy responses are slow but durable, whereas
chemotherapy can rapidly shrink tumors. In theory, dual
therapy that combined chemotherapy with a PD-1/PD-L1
blockade could achieve more long-term control of tumor
growth through prolonging PFS, and possibly translate into
increased OS. Major progress had been achieved by PD-1/
PD-L1 inhibitors in patients with advanced NSCLC. As a
result, checkpoint blockade therapy combined with chemo-
therapy brings new hope for improved outcomes for advanced
lung cancer patients.

Some studies have demonstrated great response and good
tolerance on combination therapy.*! The KEYNOTE 021
study evaluated the safety, tolerability, and clinical activ-
ity of pembrolizumab (2 or 10 mg/kg intravenously every
3 weeks) + carboplatin combined with paclitaxel (cohort A)
and pemetrexed (cohort C).* The study enrolled 44 patients
(20 in cohort A and 24 in cohort C) with treatment-naive
advanced NSCLC. The ORR was 30% and 58% in cohorts
A and C, respectively. One case of DLT was observed. Rate
of Grade 3—4 treatment-associated AEs was 27%, and no
treatment-related deaths occurred. No data on the OS and
PFS were reported. However, the data reported still indi-
cated that pembrolizumab combined with chemotherapy as
first-line therapy for advanced NSCLC showed an accept-
able safety profile and is worth evaluating in a large cohort.
MPDL3280A (15 mg/kg intravenously every 3 weeks) in
combination with chemotherapy as first-line therapy also
showed promising clinical activity in this setting, with
well-tolerated toxicities.”” ORR was 67% in the 37 patients
evaluated. The major drug-related toxicities included
Grade 3—4 AEs of anemia (7%), neutropenia (7%—13%),
and thrombocytopenia (7%), while only one Grade 5 AE of
candidemia was observed. Phase III studies are ongoing. Niv-
olumab, combined with chemotherapy, also showed similar
outcomes. The results of the study “CheckMate 0127, which
were reported at the 2014 ASCO Annual Meeting, were as
follows: ORR 33%-47%, median PFS 21.0-31.0 weeks,
and 1-year OS rate 50%—87%. No treatment-related deaths
occurred, but a treatment-related toxicity rate of 45% at
Grade 3/4 was reported.”!

However, the efficacy of checkpoint inhibitors in com-
bination with chemotherapy for advanced NSCLC was
controversial, such as the dose of drugs, timing windows,
and so on. Recently, numerous studies designed to evaluate

the efficacy of PD-1/PD-L1 inhibitors in combination with
chemotherapy for advanced NSCLC patients have been con-
ducted. Some Phase I/II studies are designed to observe pem-
brolizumab in combination with chemotherapy for patients
with advanced NSCLC.5>% A trial, which was designed to
evaluate the feasibility of nivolumab consolidation in Stage
IITA/B NSCLC patients with disease progression after
standard first-line chemoradiotherapy, is now recruiting
participants.®* Another study about consolidation therapy
with pembrolizumab is recruiting participants with NSCLC
who have received chemoradiation.’> We hope those studies
will generate data that will result in major progress for the
treatment of NSCLC.

PD-1/PD-LI in combination with
targeted therapy in NSCLC

Targeted therapies were performed for a subpopulation of
NSCLC patients. Epidermal growth factor receptor (EGFR)
TKIs, such as gefitinib, erlotinib, and afatinib, were recom-
mended as first-line treatment for patients with EGFR-
mutant advanced NSCLC. Regardless of prolonged disease
control, the 5-year survival rates remain poor for advanced
NSCLC. The combination of a PD-1 pathway blockade and
EGFR-TKIs might be a promising therapeutic treatment for
patients with NSCLC, as data from preclinical studies have
implied that EGFR activation upregulated PD-L1, which can
contribute to immune evasion.’>>’ Increasing evidence has
demonstrated the correlation of genetic alterations in onco-
genes and PD-L1 expression. However, there is still confu-
sion regarding the correlation of PD-L1 status, driver genes
(EGFR mutation or ALK rearrangement), and prognosis.

A retrospective study of 125 patients with NSCLC,
including EGFR-mutant, KRAS-mutant, ALK-translocated
or wild-type EGFR, ALK, and KRAS patients, and with
confirmed PD-L1 expression, was correlated with EGFR
mutations.’® PD-1-positive (>5% of TCs) tumors were
significantly associated with the presence of KRAS muta-
tion (P=0.006), whereas PD-L1-positive tumors were
significantly associated with the presence of EGFR muta-
tion (P=0.001). Sensitivity to EGFR-TKIs was higher in
PD-L1-positive patients than in PD-L1-negative patients in
terms of the response rate (P=0.01). Of note, PD-L1-positive
tumors were significantly associated with adenocarcinoma
histology (P=0.005). Recently, a retrospective study of
56 patients with EGFR-mutant-positive advanced lung
adenocarcinoma demonstrated a significantly greater disease-
control rate (P=0.004), longer PFS (P=0.001), and OS
(P=0.004) after TKIs therapy in PD-L1-positive patients.*
Another retrospective study collected data on 170 patients
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with advanced NSCLC treated with EGFR-TKIs in order
to examine the correlation of PD-L1, clinicopathologic
factors, and prognosis.®® Subgroup analyses indicated that
PD-L1 expression was associated with significantly shorter
OS in EGFR wild-type patients (P=0.029) but not in EGFR-
mutant patients (P=0.932) treated with EGFR-TKIs for lung
adenocarcinoma.

On the other hand, EGFR-TKIs, in combination with
PD-L1 blockade were well tolerated in patients with NSCLC.
MEDI4736 (cohort A: 3 mg/kg every 2 weeks; cohort B: 10
mg/kg every 2 weeks) with gefitinib was utilized in an escala-
tion Phase I study, and the data indicated that the maximum
tolerated dose was not reached and no DLTs were observed;
Grade 3-4 AEs were observed in three patients, including
dyspnea/hypoxia, myalgia/fatigue, and elevated ALT.®
These data suggest a need to further evaluate the efficacy
of combined therapies in patients with EGFR-sensitized,
mutation-positive, TKI-naive NSCLC.

Antiangiogenesis therapy is one of the most commonly
used treatment strategies for advanced lung cancer. Bevaci-
zumab (BEV) is a recombinant mAb that blocks the vascular
endothelial growth factor, and is recommended, in com-
bination with platinum-doublet chemotherapy, for locally
advanced or metastatic non-SqNSCLC as first-line therapy or
monotherapy maintenance. For patients who have responded
(complete response [CR], partial response [PR], or stable
disease [SD]) to previous chemotherapy with BEV, main-
tenance with BEV as monotherapy is recommended. Data
from the recent AVAPERL study demonstrated that PFS and
median OS for patients treated with single-agent BEV were
3.7 and 13.2 months, respectively.’ Recently, a Phase I study
evaluated the efficacy of nivolumab = BEV maintenance in
patients with advanced NSCLC who did not progress during
or after first-line platinum-based chemotherapy.®* Median
PFS was 37.1 weeks with nivolumab + BEV, with the median
OS not reached (range: 33.3, 86.7+ weeks). Few cases of
Grade 3 treatment-related AEs occurred, and no Grade 4 AEs
occurred in the nivolumab + BEV arms. These preliminary
data support further evaluation of the efficacy of nivolumab +
BEV maintenance therapy in chemotherapy-treated patients.
To compare the efficacy and safety of PD-1/PD-L1 blockade
in combination with different treatment regimens, we have
summarized that information in Table 5.

Necitumumab is a second-generation, recombinant
human IgG1, EGFR mAb. Data from two randomized stud-
ies, INSPIRE and SQUIRE, indicated that necitumumab +
gemcitabine and cisplatin, as a first-line therapy, could
improve OS in treatment-naive patients with advanced
SGNSCLC (11.5 versus 9.9 months; P=0.01), but not in

non-SqNSCLC patients who are treated with necitumumab +
pemetrexed and cisplatin.®*** Necitumumab showed promis-
ing outcomes for patients with SQNSCLC. Recently, a Phase |
study was designed to observe the safety and efficacy for
necitumumab + pembrolizumab in advanced SQNSCLC and
non-SqNSCLC patients.®

PD-1/PD-L1 blockade in combination
with CTLA-4 inhibitors in NSCLC

As mentioned, activation of T-cells requires antigen-specific
stimulation via the TCR and a costimulatory signal. Among
two coinhibitory signal model, CTLA-4 as the first identified
coinhibitory pathway, a transmembrane glycoprotein with
considerable homology to CD28, transmits an inhibitory
signal to naive T-cells and T-helper cells and enhances regu-
latory T-cell immunosuppressive activity. CTLA-4 inhibits
T-cell activation by outcompeting CD28 in binding to CD80
and CD86. In contrast, PD-1 is primarily to inhibit activated
T-cell function via its interaction with PD-L1 and PD-L2.
It has been demonstrated that PD-1 ligation inhibited PI3K
activity and downstream AKT activation, whereas CTLA-4
only inhibited AKT activation but did not influence PI3K
activity. As CTLA-4 and PD-1 regulate immune response
through a nonredundant distinct mechanism, it was possible
to achieve superior antitumor effects by combined with dual
blockade therapy. PD-1/PD-L1 blockades, in combination
with anti-CTLA-4 mAD, as a dual checkpoint blockade has
received increased attention due to the potential synergy
effect. MEDI4736, an inhibitor of PD-L1, combined with
tremelimumab (a selective human IgG2 mAb inhibitor of
CTLA-4) has showed a promising response (PR and SD)
with a manageable safety profile in solid tumors.®® Check-
Mate 067 was conducted to evaluate the efficacy and safety
of nivolumab = ipilimumab in comparison with ipilimumab
alone in patients with untreated metastatic melanoma.®’
Results showed the median PFS was 11.5 months with niv-
olumab + ipilimumab, which was significantly high when
compared with 2.9 months with ipilimumab (P<<0.001),
and 6.9 months with nivolumab (P<<0.001). However,
treatment-related AEs of Grade 3—4 occurred 55.0% in the
nivolumab + ipilimumab group, which were also higher
compared with 16.3% in the nivolumab group and 27.3% in
the ipilimumab group. So far, the dosage, timing, efficacy,
and safety of the combination compared to standard of care
are still unknown. Recently, a dose-escalation Phase I study
was designed to evaluate safety/tolerability and to identify the
maximum tolerated dose of MEDI4736 in combination with
tremelimumab in advanced solid tumors including NSCLC.
A Phase 111 study, which is designed to evaluate the efficacy
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and safety of MEDI4736 as third-line monotherapy (substudy
A, PD-L1 positive) + tremelimumab (substudy B, PD-L1
negative) versus standard of care (including erlotinib, gem-
citabine, or vinorelbine) in Stage IIIB/IV NSCLC patients,
is currently recruiting participants.®

PD-1/PD-LI inhibitors in
combination with radiotherapy in
NSCLC

Radiotherapy has been recognized as a local therapy. Tumor
immunogenicity relapse, mediated by irradiation, has been
demonstrated in several models. Preclinical studies have
indicated that tumor antigen-specific CD8" T-cells increase
following treatment of ablative single-dose local radiation.
The complex local immune microenvironment induced
by radiation enhances the host’s capability of immune
response to the tumor, which may result in a metastatic
lesion regression. This process is the so-called abscopal
effect or radiation-induced bystander effect.”®”! These
complex molecular mechanisms allow combination therapy
to become a possibility.” As a result, radiotherapy combined
with immunotherapy, in particular, a PD-1/PD-L1 pathway
blockade, has generated a great deal of attention as a possible
treatment regimen for NSCLC.

However, to date, no studies combining radiotherapy
and immunotherapy have been completed for patients with
NSCLC. Although it may be a new paradigm in cancer treat-
ment, radiotherapy combined with immunotherapy still leaves
a number of issues unresolved, such as the mechanism of
combined therapy, the fraction model of irradiation, the time
window for the combination of two treatments, and so on.”

Currently, the main research focus in radioimmuno-
therapy is to determine the interaction of fraction regi-
mens and immunotherapy. CTLA-4 is another checkpoint
pathway that can attenuate the early activation of naive
and memory T-cells. An abscopal effect, mediated by
radiotherapy and CTLA-4 inhibitors, has been reported in
a treatment-refractory lung adenocarcinoma patient.”* An
immune-mediated abscopal effect has been observed with
fractioned but not single-dose radiotherapy combined with
anti-CTLA-4 antibody.” Schaue et al” also demonstrated
that radiation-mediated immune response varied with the size
of dose per fraction. The medium-size radiation doses of 7.5
Gy/fraction gave the best tumor control rather than single-
dose fractioned doses. PD-1 and PD-L1 act in a negative
feedback loop to downregulate T-cell effector function and
mediate apoptosis of infiltrating T-cells, leading to tumor
immune evasion.'>”” We believe that irradiation combined

with anti-PD-L1 mAbs might also show similar results.
Currently, a Phase I/II study has been designed to evaluate
the safety and tolerability of pembrolizumab with SBRT in
patients with NSCLC.” The goal of Phase II of this study is to
validate the benefits from combination therapy for metastatic
NSCLC. This study is not yet open for participant recruit-
ment. Because of the abscopal effect, investigators believe
that local SBRT to a single lesion for recurrent NSCLC in
combination with checkpoint inhibitors could enhance the
antitumor immune response, which could prolong patients’
PFS or OS. However, as mentioned earlier, the model of
irradiation in combination with checkpoint inhibitors has
not been defined. A randomized Phase II, two-arm study
was designed to observe ORR to pembrolizumab after SBRT
versus pembrolizumab alone in patients with advanced
NSCLC.” Another Phase I/II study was designed to evaluate
the combination of pembrolizumab and SBRT in patients
with metastatic NSCLC.*

Conclusion

As a result of the success using anti-PD-1/PD-L1 mAbs in
clinical studies, research in the field of immunotherapy has
greatly increased in recent years. Anti-PD-1 and anti-PD-L1
mAbs, used as third-, second-, and even first-line therapy,
have shown promising efficacy in patients with NSCLC
and has consequently impacted upon the survival and qual-
ity of life. However, immunotherapy is not perfect and has
a lot of unanswered questions, such as when and how to
evaluate the efficacy, what are the effective biomarkers to
predict response and prognosis, and so on. Additionally, it
is critical to clarify the appropriate patients who will benefit
from checkpoint blockade. Furthermore, investigations to
determine the mechanisms of checkpoint pathways and the
efficacy of combining immunotherapy with other antitumor
agents are warranted.
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