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Abstract

Immune checkpoint inhibitors are changing the landscape
in management of advanced non-small cell lung cancer.
Programmed cell death protein-1 (PD-1) and cytotoxic
T-lymphocytes antigen-4 (CTLA-4) are two important co-in-
hibitory receptors which can lead to suppression of T-cell
function when bound to its ligands. Results from multiple
large randomised phase 3 trials have shown a significant
improvement in overall survival with durable response in se-
lected group of patients following immune checkpoint block-
age compared to second lines chemotherapy. Emerging ev-
idences have shown promising responses to treatment in
patients whose tumour has programmed cell death ligand
-1 (PD-L1) = 50% expression compared to standard first
line platinum-based chemotherapy. Combination therapies
of immune checkpoint inhibitors with other agents including
chemotherapy are underway. Here we summarize the re-
sults of immune checkpoint blockade trials when used as
monotherapy and in combination with other agents in ad-
vanced non-small cell lung carcinoma.
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Introduction

The incidence of lung cancer has risen steadily over
the past century with 6 million new cases diagnosed in
2008 globally. It is the commonest cancer seen in men
worldwide and fourth commonest cancer seen in wom-
en. Lung cancer, now is the leading cause of cancer re-
lated deaths across all cancer types with 1.38 million
deaths recorded in 2008 (18.2%) of total cancer deaths
[1]. The overall prognosis remains poor at 5 years only

25% of those with locally advanced disease survived
and 4% with distant metastatic disease [2]. Non-small
cell lung cancer (NSCLC) accounts for ~85% of all lung
cancer which can be further classify according to their
histological subtypes. These subtypes can be catego-
rised into adenocarcinoma, squamous cell, large cell
and poorly differentiated cell carcinoma.

Chemotherapy remains the backbone of treatment
for the majority of patients with metastatic NSCLC in the
first-line setting. It has been shown to prolong surviv-
al, improve quality-of-life, and controls disease related
symptoms compared to best supportive care [3]. The
choice can be any of the four combination of platinum
containing doublets chemotherapy which includes cispla-
tin combined with paclitaxel, gemcitabine, or docetaxel
and carboplatin and paclitaxel. There are no significant
differences survival benefit among these groups howev-
er the trial didn’t stratified according to histology sub-
types [4]. Later, Phase 3 trials comparing cisplatin and
gemcitabine with cisplatin and pemetrexed have shown
survival differences based on histological subtype. Supe-
rior survival benefit was shown in patient with adeno-
carcinoma who received cisplatin and pemetrexed com-
pared to cisplatin and gemcitabine (12.6 vs. 10.9 months)
respectively. On the other hand, patients with squamous
cell subtype, a survival benefit of 10.8 vs. 9.4 months was
shown when comparing cisplatin and gemcitabine to cis-
platin and pemetrexed respectively [5]. Many patients
with metastatic NSCLC will benefit from first line chemo-
therapy but after a median of 3-6 months they will likely
progress and require second line treatment.
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Figure 1a: When PD-1 receptor on T-cell binds to PD-L1 receptor on tumour cell, its leads to downregulation of T-cell. However,
immune checkpoint blockage with either PD-1 or PD-L1 inhibitor can interrupt this inhibitory signal and therefore leads to activation
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Over the past decade, there has been further identifi-
cation of a subset of non-squamous NSCLC which can be
further defined through the expression of driver mutations
at a molecular level. These oncogenes drivers include the
epidermal growth factor receptor (EGFR) mutation, echi-
noderm microtubule-associated protein-like 4 and ana-
plastic lymphoma kinase translocation (EML4-ALK) muta-
tion, and Proton-Oncogene tyrosine protein kinase ROS 1
fusion. However, these oncogenes drivers are present in
approximately 10-15% of patients with non-squamous NS-
CLC. It is essential to identify whether an oncogene driver
is present as there are several therapeutic targeted inter-
ventions with favourable survival outcomes for this select-
ed group of patients. Testing for these driver mutations is
now considered as routine for newly diagnosed cases of
metastatic non-squamous NSCLC. A number of driver mu-
tations have also been identified in squamous cell carci-
noma but unfortunately there is no targeted intervention
available outside clinical trial.

Despite advances in research and a better understand-
ing of the molecular pathways in NSCLC, there has been a
limited effective therapeutic option available for the ma-
jority of patients with advanced NSCLC. However, there
has been a great interest in using immune checkpoint in-
hibitor for NSCLC following successful outcomes in mela-
noma. Here we will review the evidence of different im-
mune checkpoint inhibitors in advanced NSCLC.

Mechanism of Immune Checkpoint Blockage

PD-1 and PD-L1

Programmed cell death protein 1 (PD-1) is a trans-
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membrane protein receptor that is expressed on the
surfaces of T-cells, B-cells macrophages and dendritic
cells. Its ligand, programmed cell death ligands 1 and
2 (PD-L1 and PD-L2; also known as B7-H1 and B7-DC
respectively) belongs to immune checkpoint proteins
that act as co-inhibitory factors. In normal circumstanc-
es, this interaction plays an important role in maintain-
ing immune homeostasis including downregulation of
the T-cell which promotes self-tolerance and protects
against autoimmunity [6]. PD-L1 can be over expressed
(20-50%) in various types of malignancies including mel-
anoma, renal cell carcinoma and colorectal cancer [7]. In
NSCLC, PD-L1 is expressed in 50-60% of cases [8]. Once
activated, it leads to suppression of cytotoxic T-cell pro-
liferation and an inhibited tumour microenvironment.
These anergic T-cells are known as tumour-infiltrating
lymphocytes (TILs). Figure 1a illustrates the basic inter-
action between T-cell and cancer cell.

Recently, monoclonal antibodies against PD-1 and
PD-L1 have been developed. The PD-1 blockage acts by
enhancing the cytotoxic T-cell in tissues and TILs in tu-
mour microenvironment resulting in upregulation and
proliferation of intratumoral immune response against
cancer. As the PD-1 receptors are also expressed on oth-
er non-T-cells, the PD-1 blockage can potentially exert
on macrophages as well as B-cells to initiate antibody
production [9].

CTLA-4

Cytotoxic T-lymphocyte-associated protein 4 (CTLA-
4) is a protein receptor found mainly on T-cells. It trans-
mits an inhibitory signal to T cells following recognition
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Figure 1b: T-cell activation is initiated by the interaction between CD28 receptors and CD80/CD86 on antigen presenting cell or
dendritic cell. CTLA-4 receptor expressed on T-cell has higher affinity and inhibitory signal when binds to CD80/CD86 leading to

Dendritic Cell

between T-cell receptors (TCR) and peptides from anti-
gen presenting cells (APCs). In contrast CD28, which is
homologous to CTLA-4, is a T-cell costimulatory protein
leading to proliferation of T cells. Both CTLA-4 and CD28
share similar ligands (CD80 and CD86). It is believed that
CTLA-4 has a much higher binding affinity than CD28, al-
lowing it to outcompete CD28 for these ligands, leading
to an inhibitory signal to the T cell (Figure 1b) [10-11].
Ipilimumab and tremelimumab are two examples of ful-
ly humanized CTLA-4 antibodies which block the co-in-
hibitory signals between CTLA-4 receptor and its ligands
and promote antitumour activity [12-13].

PD-1 Inhibitors in Advanced NSCLC

Pembrolizumab

Keynote-010, a randomised phase 2/3 open-label
controlled trial, compared pembrolizumab to docetaxel
in previously treated PD-L1-positive metastatic NSCLC.
The PD-L1 expressions are required to be > 1% prefera-
bly on a new tissue biopsy. 1034 patients were random-
ly assigned (1:1:1) to received pembrolizumab 2 mg/kg,
pembrolizumab 10 mg/kg, or docetaxel 75 mg/m?every
3 weeks. The primary endpoints were overall survival
(OS) and progression-free survival (PFS) both in the total
population and in patients with PD-L1 expression > 50%.
The median OS was 10.4 months with pembrolizumab
2 mg/kg, 12.7 months with pembrolizumab 10 mg/kg
and 8.5 months for docetaxel. Overall survival (OS) was
significantly longer for pembrolizumab at 2 mg/kg and
10 mg/kg compared to docetaxel with hazard ratio (HR)
of 0.71 and 0.61 respectively [14].

The survival benefit in both of the pembrolizumab
arms was even greater in the patients who expressed
> 50% PD-L1. The median OS with pembrolizumab 2
mg/kg compared to docetaxel was 14.9 months vs. 8.2
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months; (HR 0.54, 95%; confidence interval (Cl) 0.38-
0.77; p = 0.0002) and pembrolizumab 10 mg/kg com-
pared to docetaxel was 17.3 months vs. 8.2 months; (HR
0.55, C1 0.36-0.70; p < 0.001). The PFS in this subset was
also significantly longer in both pembrolizumab arms
compared to docetaxel, with median of 5.0 months vs.
5.2 months vs. 4.1 months respectively. The RR in total
population of pembrolizumab 2 mg/kg, pembrolizumab
10 mg/kg, and docetaxel were 18%, 18%, and 9% respec-
tively. However in the population with PD-L1 expression
> 50%, the RR was 30%, 29% and 8% respectively [14].

The study highlighted the importance of biomarkers
and careful patient selection with a significant survival
benefit in patients with advanced NSCLC who had re-
ceived 2 1 systemic treatment particularly if their PD-
L1 expression was = 50%. Furthermore, pembrolizum-
ab has been shown to be well tolerated with fewer
grade 3-5 treatment-related toxicity in comparison to
docetaxel.

Keynote-024 is a randomised, open-label, phase 3 tri-
al comparing pembrolizumab fixed dose of 200 mg every
3 weeks with the investigator’s choice of first-line che-
motherapy for patients with advanced NSCLC and PD-L1
expression > 50%. The primary endpoint was PFS. The
median PFS was 10.3 months in the pembrolizumab arm
versus 6.0 months in the chemotherapy arm (HR 0.50;
95% Cl 0.37 to 0.68; p < 0.001). The median OS based on
25.2 months follow up in pembrolizumab arm was 30.2
months versus 14.2 months in chemotherapy arm repre-
senting 37% risk reduction (HR 0.63; 95% Cl 0.47-086; p =
0.002). The ORR was 45.5% in pembrolizumab arm versus
29.8% in chemotherapy arm. Grade 3-4 treatment-relat-
ed toxicity was seen similarly in both arms [15].

Given the data from Keynote-010 and Keynote-024
(Table 1), FDA has approved pembrolizumab for ad-
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Table 1: Clinical trials assessing PD-1 or PD-L1 immune checkpoint inhibitors as monotherapy in NSCLC.

Clinical Trials Lines of |Phase Sample Size ORR (%) PFS (Months) OS (Months) AEs 2 3 (%)
Treatment
KEYNOTE 10:
Pembrolizumab vs.
Docetaxel 22 Two 1034
3.9vs.4.0vs.
“Total Population 18 vs.18vs. 9 4.0 10.4 vs. 12.7 vs. 8.5 13 vs. 16 vs. 35
5.0vs.5.2vs.
PD-L1 =2 50% 30vs.29vs. 8 4.1 14.9vs. 17.3 vs. 8.2
KEYNOTE 024:
Pembrolizumab vs. 24 mths OS - 51.5%
Chemotherapy 1 Three 305 455vs.29.8 10.3vs.6.0 vs. 34.5% 21.4vs. 20.7
PD-L1 = 50%
Checkmate 017 (sq-
NSCLC): Nivolumab
vs. Docetaxel 22 Three 260 20vs. 9 3.5vs. 2.8 9.2vs.6.0 7 vs. 54
1yrOS - 80.2% vs.
72.4%
Checkmate 057
(nonsq-NSCLC):
Nivolumab vs.
Docetaxel 22 Three 582 19 vs. 12 2.3vs. 4.2 12.2vs. 9.4 10 vs. 54
18 mths OS:
39% vs. 23%
Checkmate 026:
Nivolumab vs.
Platinum-doublet 1 Three 541 26 vs. 34 42vs. 59 14.2 vs. 13.2 18 vs. 51
OAK: Atezolizumab
vs. Docetaxel 22 Three 850
Total Population 14 vs. 13 2.8vs. 4.0 13.8 vs. 9.6 15 vs. 43
PD-L121% 15.7 vs. 10.3
Undetectable PD-L1 12.6 vs. 8.9
ATLANTIC: Single-
arm Durvalumab 22 Two 10.2
Cohort 2 - PD-L1 2
25% 149 16.4 3.3 10.9
PD-L1 £ 25% 94 7.5 1.9 9.3
Cohort 3 - PD-L1 2
90% 67 30.9 2.4 NR

ORR: Overall Response Rate; PFS: Progression Free Survival; OS: Overall Survival, AEs: Adverse Effects; NR: Not reached.
‘Pembrolizumab 2 mg/kg vs. Pembrolizumab 10 mg/kg vs. Docetaxel 75 mg/m?.

vanced NSCLC whose tumour have high PD-L1 expres-
sion 2 50% with no EGFR or ALK genomic tumour aber-
ration, and no prior systemic chemotherapy in first-line
management setting. The approval has also expanded
to include patients with advanced NSCLC whose tu-
mours express PD-L1 expression = 1% following disease
progression after platinum-containing chemotherapy.
Patients with EGFR and ALK genomic tumour aberra-
tion should have evidence of disease progression on
approved standard treatment prior to receiving pem-
brolizumab.

The design of Keynote-024 was targeted towards a
specific group of patients with higher PD-L1 expression
without targetable molecular lesions (EGFR mutations
or ALK rearrangements) which may lead to significant
ORR and PFS. Therefore, an attempt has been made to
answer the question whether a lower PD-L1 expression
(i.e. £50%) will have similar endpoints. This will be eval-
uated in an ongoing phase 3 study, Keynote-042, which
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compares pembrolizumab to platinum-based chemo-
therapy in advanced NSCLC patients. The patient will be
randomised into either a fixed dose pembrolizumab 200
mg every three weeks or carboplation plus paclitaxel
or carboplatin plus pemetrexed. The treatment will be
stratified according to the level of PD-L1 expression i.e
PD-L1 2 50% versus PD-L1 1-49%. The primary end point
is OS in total population and in patients with PD-L1 2
50% expression [16].

Nivolumab

Nivolumab is an 1gG4 monoclonal antibody that
blocks PD-1 receptors. Checkmate 017, a phase 3 trial
of 272 patients with advanced squamous NSCLC who
had failed platinum-based doublet chemotherapy was
randomly assigned to either nivolumab (3 mg/kg every
2 weeks) or docetaxel (75 mg/m? every three weeks).
The primary end-point was OS. The median OS was 9.2
months (95% Cl, 7.3 to 13.3) with nivolumab versus 6.0
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months (95% Cl, 5.1 to 7.3) with docetaxel. The one-
year survival rate was 42% versus 24%, hazard ratio [HR]
0.59, 95% Cl 0.44-0.79). The absolute risk reduction was
41% with nivolumab. The ORR was higher with nivolum-
ab (20% versus 9%). However, the trial has shown that
PD-L1 expression was neither prognostic nor predictive
for patient with advanced squamous NSCLC. The nega-
tive results for this biomarker may possibly due to the
use of archived tissues instead of re-biopsy at disease
progression. Grade > 3 toxicities were less frequent
with nivolumab when compared to docetaxel (7% ver-
sus 54%) [17].

Another randomized phase 3 trial, Checkmate 057,
was similar to Checkmate 017 however; the target pop-
ulation had advanced non-squamous NSCLC. 582 pa-
tients who had failed platinum-based doublet chemo-
therapy were randomly assigned to nivolumab (3 mg/
kg every 2 weeks) or docetaxel (75 mg/m? every three
weeks). The primary end-point was OS. The median OS
was 12.2 months (95% Cl, 9.7 to 15.0) with nivolumab
versus 9.4 months (95% Cl, 8.1 to 10.7) with docetaxel.
The 18-months OS rate was 39% with nivolumab ver-
sus 23% with docetaxel (HR 0.72, 95% Cl 0.60-0.88). The
ORR for nivolumab and docetaxel were 19% and 12%,
respectively. The median durations of response were
17 months and 6 months, respectively. However, in this
trial, patients with any level of PD-L1 expression had a
survival benefit compared to negative PD-L1 level. The
stronger the expression of PD-L1, the higher the sur-
vival gain. The treatment related toxicity was similar to
Checkmate 017 [18].

As nivolumab has shown survival benefit in sec-
ond-line treatment for advanced NSCLC, it was com-
pared to standard first-line platinum-doublet chemo-
therapy in the phase 3 Checkmate 026 trial. 541 patients
with advanced NSCLC with > 1% PD-L1 expression who
were treatment naive were randomly assigned to ei-
ther nivolumab (3 mg/kg every two weeks) or any plati-
num-doublet chemotherapy. The primary endpoint was
PFS and the secondary endpoint was OS and ORR. Inter-
estingly, the results did not show a dramatic response
in patient with > 5% PD-L1 expression, with median PFS
in nivolumab arm of 4.2 months versus platinum dou-
blet chemotherapy arm of 5.9 months. The one-year
PFS rate was 24% versus 23% respectively; (HR 1.15,
95% Cl 0.91-1.45). The OS was also not prolonged with
nivolumab compared to platinum-doublet chemothera-
py with median OS of 14.2 months versus 13.2 months
respectively; (HR 1.02, 95% Cl 0.80-1.30). The ORR was
26% compared to 34% respectively. However the medi-
an duration of response was 12.1 months with nivolum-
ab compared to 5.7 months with chemotherapy. This
suggested a durable response to a selected group of
patients in the nivolumab arm. Again the treatment re-
lated toxicities were similar; grade > 3 toxicity was 18%
with nivolumab, compared to 51% with platinum dou-
blet chemotherapy [19].
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Itis unclear why there are differences in OS between
Keynote 024 and Checkmate 026. One possibility could
be due to different PD-L1 expression cut offs. Another
possibility was the difference between timing of biopsy
prior to treatment. Keynote 024 tested PD-L1 expres-
sion at diagnosis of metastases while Checkmate 026
performed the test on archived samples.

PD-L1 in Advanced NSCLC

Atezolimumab

Atezolimumab is an IgG1 antibody which blocks the
PD-L1 receptor thereby activating the tumour infiltrat-
ing immune cells that express PD-L1. In an open label,
single-arm phase 2 BIRCH study which recruited 667 ad-
vanced NSCLC patients into 3 cohorts [20]. There were
142 patients with treatment naive NSCLC (cohort 1),
271 patients who has progressed after platinum-dou-
blet chemotherapy (Cohort 2), and 254 patients who
had > 2 previous lines of chemotherapy (Cohort 3).
Only patients with whose tumour expressed PD-L1 at
a higher IHC level were enrolled. Atezolizumab was ad-
ministered at 1,200 mg IV every 3 weeks. The primary
endpoint was ORR. The ORR in cohort 1 was 19%, and
17% in both cohorts 2 and 3 in all level of PD-L1 expres-
sion. Six month OS was achieved by 79%, 80% and 75%
in cohort 1 to 3 respectively. There was no unexpected
toxicity compared to PD-1 inhibitors.

Another open label phase 2 randomised controlled
trial (POPLAR) compared IV atezolizumab 1,200 mg or
docetaxel 75 mg/m? once every 3 weeks in previously
treated advanced NSCLC [21]. Patients were stratified
according to PD-L1 expression. The primary endpoint
was overall survival. The OS was 12.6 months (95% ClI
9.7-16.4) for atezolizumab versus 9.7 months (8.6-12.0)
for docetaxel (HR 0.73 [95% Cl1 0.53-0.99]; p = 0.04). Giv-
en above data has shown survival benefit, atezolizum-
ab progressed to phase 3 clinical trial. The OAK study
was a randomised, open label, phase 3 trial comparing
atezolizumab to docetaxel in previously treated ad-
vanced NSCLC [22]. The primary endpoint was OS. 850
patients were randomly assigned to with atezolizumab
or docetaxel. An OS benefit was seen with atezolizumab
compared to docetaxel (median OS 13.8 months [95%
Cl 11.8-15.7] versus 9.6 months [8.6-11.2]; HR 0.73
[95% Cl 0.62-0.87], p = 0.0003). The OS in PD-L1 > 1%
was 15.7 months with atezolizumab versus 10.3 months
with docetaxel. However, patients with undetectable
PD-L1 expression also demonstrated an OS benefit with
atezolizumab in comparison to docetaxel, 12.6 months
versus 8.9 months respectively. The survival benefit
is not as great as in patients with high levels of PD-L1
expression. The survival benefit was also seen in other
subgroups including histology (HR 0.73 for both squa-
mous and non-squamous), brain metastasis (HR 0.54)
and never smokers (HR 0.71). With these results, the
FDA has now approved atezolizumab for the treatment
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of patients with advanced NSCLC who have progressed
after platinum-doublet chemotherapy.

Durvalumab

Durvalumab is an IgG1 monoclonal antibody which
binds to PD-L1, thereby blocking and activating the
PD-1 receptor on T-cells. The Fc region of durvalum-
ab has been modified to stop it from inducing either
antibody-dependent cytotoxicity (ADCC) or comple-
ment-dependent cytotoxicity (CDC).

ATLANTIC is a phase 2, open label, single arm trial in
advanced NSCLC patients with > 2 lines of chemotherapy
[23]. However, PD-L1 expression level cut off was > 25%
to enrol in the study. The study enrolled patients into
3 cohorts. Cohort 2 included patients who were either
EGFR wild type or unknown status with either PD-L1 tu-
mour expression of 2 25% or < 25%. Cohort 3 includes
patients with at least 2 90% of PD-L1 tumour expression.
The primary endpoint was ORR. The ORR in cohort 2 with
> 25% PD-L1 expression was 16.4% and 7.5% with < 25%
PD-L1 expression. The ORR in cohort 3 with > 90% PD-L1
expression was 30.9%. Durvalumab has also shown du-
rable response particularly in cohort 3.

In a phase 3 MYSTIC trial, durvalumab alone or
in combination with tremelimumab versus platinum
doublets chemotherapy was tested in first line met-
astatic NSCLC. The primary endpoint was PFS and OS.
Durvalumab alone or in combination with tremelimum-
ab failed to meet the primary endpoints compared to
standard chemotherapy. The results were announced in
a press released without any other data.

Avelumab

AvelumabisahumanlgG1 monoclonal antibody which
blocks PD-L1 receptor. In a dose expansion phase 1 study,
184 patients with progressive or resistant advanced NS-
CLC were enrolled regardless of PD-L1 expression. The

primary endpoint was to assess safety and tolerability.
Overall, disease control rate was 50%. The most common
treatment related adverse effects were fatigue (25%), in-
fusion reaction (21%), and nausea (13%) [24]. Based on
these results, avelumab moved into phase 3 trial (Javelin
Lung 100) compared avelumab to platinum doublet che-
motherapy as first line treatment of advanced PD-L1 pos-
itive NSCLC. The aim of the study is to show superiority of
avelumab over platinum doublet chemotherapy. The trial
is currently being recruited [25].

Combination Therapy

There has been great interest in using either PD-1
inhibitor or PD-L1 inhibitor as a backbone therapy giv-
en its durable response and favourable toxicity profiles
in combination with chemotherapy, other novel immu-
notherapy, targeted therapy or radiotherapy. Many of
these combinations are currently in early phase clinical
trials (Table 2).

Nivolumab + Platinum-doublet chemotherapy

This phase 1 Checkmate 012 clinical trial has assessed
the dose selection and toxicities of nivolumab in com-
bination with platinum-based doublet chemotherapy
in the first-line treatment of advanced NSCLC [26]. Fif-
ty-six patients were enrolled into 1 of 3 cohorts. These
cohorts were nivolumab 10 mg/kg with gemcitabine/
cisplatin or pemetrexed/cisplatin or nivolumab 5 or 10
mg/kg plus paclitaxel/carboplatin based on the histol-
ogy. Patients received 4 cycles of nivolumab plus che-
motherapy then followed by maintenance nivolumab.
The primary endpoint was safety and tolerability. The
trial has recently reported a 3 years follow upwith ORR
of 46 % and 25% OS rate with median 19 months. The
ORR and OS showed similar results regardless of PD-L1
expression. The duration of response was 10 months
with median PFS of 6 months. However, this need to be
validated further in phase 3 trial, Checkmate 227.

Table 2: Clinical trials assessing PD-1 or PD-L1 immune checkpoint inhibitors in combination with other therapy in NSCLC.

Clinical Trials Lines of
Treatment

Checkmate 012: Nivolumab + PT-DC 1 One

Keynote 021: 1 Two

Pembrolizumab + Carbo + Pem

Carbo + Pem

Atezolizumab + PT-DC 1 One

Atezolizumab + Carbo + Paclitaxel

Atezolizumab + Carbo + Pemetrexed

Atezolizumab + Carbo + Nab-paclitaxel

Checkmate 012: Nivo + Ipilimumab 1 One

Nivo 3 mg/kg + Ipilimumab 1 mg/kg Q12w
Nivo 3 mg/kg + Ipilimumab 1 mg/kg Q6w

Phase Sample Size ORR (%) PFS (Months) OS

56 46% 6 months Median 19 months
2-year: 25%
18 months OS:
57 19 70%
32 8.9 56%
37 Not Reported |Not Reported
8 60
14 75
15 62
77
24 weeks (%)
47 68 Not Reported
38 47 Not Reported

ORR: Overall Response Rate; PFS: Progression Free Survival; OS: Overall Survival; AEs: Adverse Effects; PT-DC: Plati-
num-based doublet chemotherapy; Nivo: Nivolumab; Gem: Gemcitabine; Cis: Cisplatin; Pem: Pemetrexed; Carbo: Carboplatin;

SgNSCLC: Squamous non-small cell lung cancer.
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Pembrolizumab + Platinum-doublet chemotherapy

Keynote-021 is an open-label phase 2 trial compar-
ing platinum-doublet chemotherapy with or without
pembrolizumab. Patients with advanced non-squamous
NSCLC were randomly assigned into either 4 cycles of
pembrolizumab 200 mg plus carboplatin and peme-
trexed every 3 weeks followed by pembrolizumab for
24 months and pemetrexed maintenance therapy or to
4 cycles of carboplatin and pemetrexed alone followed
by maintenance pemetrexed. The primary end-point
was ORR. An updated long-term results with median
follow up of 18.7 months showed the ORR was 57% in
the pembrolizumab plus chemotherapy arm and 32% in
doublet chemotherapy arm with p value 0.0029. Medi-
an PFS was significantly longer with 19 months in the
pembrolizumab plus chemotherapy arm compared to
8.9 months in doublet chemotherapy arm. 18 months
0OS was 70% in pembrolizumab plus chemotherapy
compared to 56% in doublet chemotherapy. The most
common grade > 3 treatment related toxicities were
fatigue and neutropenia [27]. The combination of pem-
brolizumab and chemotherapy has recently been ap-
proved by the FDA for first-line treatment of metastatic
non-squamous NSCLC.

Atezolimumab + Platinum-doublet chemotherapy

The preliminary report on the combination of PD-
L1 inhibitor with first line doublet chemotherapy was
assessed in phase 1b. Patients with advanced NSCLC
received atezolimumab (15 mg/kg IV every 3 weeks)
plus carboplatin and paclitaxel, pemetrexed or weekly
nab-paclitaxel for 4-6 cycles followed by maintenance
atezolimumab until progression. The ORR was 60% to
75% across all arms independent of PD-L1 expression.
There was no unexpected toxicity and the treatment
was generally well tolerated [28]. A preliminary data
from IMPower150, which is a phase 3, open label, ran-
domised study of atezolizumab in combination with
carboplatin and paclitaxel with or without bevacizum-
ab compared with carboplatin and paclitaxel with bev-
acizumab in chemotherapy naive stage 4 NSCLC [29].
The primary endpoints were PFS and OS. The PFS from
the quadruple combination was slightly improved from
triplet’s combination from 6.8 months to 8.3 months.
Similarly, the ORR was slightly improved from 48% to
64%. The benefits were seen across all levels of PD-L1
expression, however greater with high PD-L1 expres-
sion. There is no new safety signals reported. The OS
data remain immature at the time of report. Further-
more, there are no results available for atezolimumab
plus chemotherapy without bevacizumab.

Nivolumab + Ipilimumab

The combination nivolumab with ipilimumab has
shown to be safe and effective in enhancing T-cells in
melanoma and has recently been approved by FDA. This
combination of immunotherapy in NSCLC has now been
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validated in the phase 1 Checkmate 012 trial. This tri-
al addressed the dosing and toxicity of nivolumab with
ipilimumab in first-line advanced NSCLC. 77 patients
were randomly allocated into either nivolumab 3 mg/
kg every 2 weeks plus ipilimumab 1 mg/kg every 12
weeks, or nivolumab 3 mg/kg every 2 weeks plus ipili-
mumab 1 mg/kg every 6 weeks. The primary endpoint
was safety. Grade 2 3 treatment related toxicities were
similar in both groups with 37% in ipilimumab every
12 weeks arm and 33% in every 6 weeks arm. This in-
cludes pneumonitis (5%), adrenal insufficiency (3%-5%),
and colitis (3%-5%). The ORR in nivolumab plus ipilim-
umab every 12 weeks, and nivolumab plus ipilimumab
every 6 weeks, compared with nivolumab monotherapy
were 47%, 38%, and 23% respectively [30]. The ORR was
also higher in patient with 2 50% PD-L1 expression from
the combination arms. Compared to nivolumab mono-
therapy, the combination treatment showed higher re-
sponse rate and durable. The combination therapy is
now being evaluated in phase 3 trial, Checkmate-227,
against standard of care.

Future Direction

The evolution of metastatic NSCLC treatment is
changing rapidly with immune checkpoint inhibitors
showing promising results particularly in patients with-
out driver mutations. At present, there are clear indi-
cation to use single agent pembrolizumab as first-line
treatment in metastatic NSCLC patient with high PD-L1
expression. Beyond this, data for various combinations
immunotherapy with either chemotherapy, targeted
therapy or other immunotherapeutic agent in upfront
management of NSCLC remains immature. The results
are encouraging but it need to show a significant survival
benefits for practice to change. Clearly, there are strong
indications for the use of PD-1 or PD-L1 inhibitors fol-
lowing failure of platinum-based doublet chemotherapy
as compared to docetaxel.

Other essential questions remain unanswered
including ways to select appropriate patients based on
biomarkers for these immune checkpoint inhibitors.
Despite its limitations, PD-L1 is the only biomarker
used to guide immunotherapy currently. Nonetheless,
increasing preliminary data are supporting the use of
immunotherapy in PD-L1 negative disease especially
when combining with other agents. These predictive
biomarkers are currently being studied i.e. tumour
mutation burden (TMB), circulating free DNA and CD8
tumour infiltrating lymphocytes may potentially help
select appropriate immunotherapy agents for the right
patients. The future of metastatic NSCLC management
will likely be increasingly complex as we moves toward
personalised medicine for individual pathology.
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