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Abstract: Immunotherapy has evolved at a phenomenal pace in cancer therapeutics. This has primarily 
been fueled by the much perceived necessity to procure an alternative to current standard of care 
chemotherapy agents, owing to several concerns such as treatment-related toxicity and poor long-term 
survival associated with the same. The knowledge of various mechanisms involved in regulation of immune 
response to cancer cells has served a fundamental role in identifying key molecules through which immune 
cell activity may be modulated. This in-turn led to the development of immune-checkpoint inhibitors. 
Presently, lung cancer is among the most enthusiastically investigated targets for treatment with immune-
checkpoint inhibitors. Encouraging results with initial trials have now translated to attempts directed at 
further enhancement of outcomes through various strategies. Herein, we shall present a critical assessment 
of data from pivotal trials that led to the Food and Drug Administration (FDA) approval of various immune-
checkpoint inhibitors and also discuss novel strategies that may potentially yield outcomes superior to 
standard of care chemotherapy in patients diagnosed with advanced non-small cell lung cancer (NSCLC). 
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Introduction

Lung cancer accounts for almost a quarter of all cancer-
related deaths in the United States (1). The standard of care 
treatment with platinum based chemotherapy has benefitted 
patients for almost two decades (2,3). A multidisciplinary 
approach combining the application of chemotherapy with 
alternate treatment modalities such as surgery and radiation 
therapy have aided in improving survival outcomes  
(2,4-9). Likewise, targeted therapy is another approach that 
has considerably enhanced survival indices in a select group 
of lung cancer patients (10,11). However, success with the 
above treatment modalities has continually been constrained 
by various limitations. 

Historic data on standard of care chemotherapy has 

identified several issues associated with their clinical 
application. The incidence of treatment-related adverse 
events associated with platinum based chemotherapy has 
been a key concern since their inception in clinical practice. 
Retrospective analysis of data from 37 clinical trials 
attributed an increase in the incidence of nephrotoxicity, 
hematological toxicity and gastrointestinal adverse events 
to treatment with platinum based chemotherapy (12). 
Similarly, chemoradiation therapy indicated for stage III 
disease in lung cancer has been found to result in significant 
morbidity (13). Surgical resection, though being an effective 
modality to achieve cure in local disease, is precluded as a 
therapeutic option for many patients due to their poor pre-
operative performance status (14). On the other hand, the 
application of targeted therapy is limited to the tumors that 
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are positive for specific oncogenic mutations (3). Thus, it 
was prudent to explore alternative treatment strategies to 
overcome the challenges associated with standard of care 
therapy for lung cancer. 

Immunotherapy is an upcoming treatment strategy in 
cancer therapeutics. It involves modulation of immune 
regulatory mechanisms to boost the immune response 
against cancer cells (15). A number of key target molecules 
that act as checkpoints in regulation of immune cell activity 
have been identified (Figure 1). One of the earliest to be 
discovered was the cytotoxic T lymphocyte associated 
antigen-4 (CTLA-4). The expression of CTLA-4 molecule 
is upregulated after the activation of T-cells (16). It acts 
to downregulate T-cell activity by inducing T-cell cycle  
arrest (17). In addition, it also inhibits CD28 mediated 
stimulation of T-cell activity by competitively binding 
with the B7 molecule on the antigen presenting cell 
(APC) (18-21). Akin to CTLA-4, programmed cell death 
receptor-1 (PD-1) is another molecule that is expressed 
by activated T-cells. It induces downregulation of T-cell 
activity and proliferation upon binding with programmed 
cell death receptor-ligand 1 (PD-L1) (22). Furthermore, 
recent studies have also uncovered certain molecules 
expressed by T-cells that deliver a positive costimulatory 
signal upon binding with the corresponding ligand. These 
include the 4-1BB receptor (CD137) and OX40 molecule, 
in addition to others (23-25). The binding of 4-1BB 
receptor with its corresponding ligand induces T-cell 

activation and proliferation whereas the engagement of 
OX40 receptor with its ligand primarily leads to increased 
T-cell survival and proliferation (26,27). A comprehensive 
understanding of the above and other mechanisms involved 
in regulation of immune response to cancer cells made 
way for the development of immune-checkpoint inhibitors 
(16,23,28,29). 

Immune-checkpoint inhibitors are a type of drug that 
block specific proteins involved in downregulation of 
immune response to cancer cells (15,30-32). Clinical studies 
evaluating response with immune-checkpoint inhibitors 
in various tumor histologies have demonstrated superior 
survival indices as well as toxicity profile in comparison to 
standard of care chemotherapy regimens (33-37). Clinical 
benefit observed with immunotherapy in pivotal trials 
has led to the approval of a select number of immune-
checkpoint inhibitors for use in specific tumors by the 
Food and Drug Administration (FDA) (29). The first 
among them to be approved was ipilimumab for patients 
with late-stage melanoma (38). This was followed by the 
approval of nivolumab, pembrolizumab and nivolumab 
plus ipilimumab combination soon after (29). In addition 
to melanoma, immune-checkpoint inhibitors are also 
approved for application in several other tumor histologies. 
These include non-small cell lung cancer (NSCLC) 
(nivolumab, atezolizumab and pembrolizumab), renal cell 
carcinoma (nivolumab), urothelial carcinoma (nivolumab, 
atezolizumab and durvalumab), squamous cell carcinoma 

Figure 1 Costimulatory pathways for T cell activation. The activation of T cells is regulated through the interaction of various 
costimulatory molecules. Positive costimulatory signals are generated by the engagement of CD27-CD70, OX40-OX40L, 4-1BB-4-1BBL 
and CD28-B7 whereas PD-1-PD-L1 and CTLA-4-B7 interaction generates negative costimulatory signals. APC, antigen presenting cell; 
PD-1, programmed cell death receptor-1; PD-L1, programmed cell death ligand-1; CTLA-4, cytotoxic T-lymphocyte associated antigen-4; 
MHC, major histocompatibility complex; TCR, T-cell receptor. 
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of head and neck (nivolumab and pembrolizumab), classical 
Hodgkin’s lymphoma (nivolumab and pembrolizumab) 
and Merkel cell carcinoma (avelumab) (34,35,39-50). Of 
note, anti-PD-1 therapy (pembrolizumab) has recently 
replaced chemotherapy in first-line setting for NSCLC 
with high PD-L1 expression (51). Ongoing efforts to 
optimize the dosing and schedule of currently approved 
immune-checkpoint inhibitors, together with various trials 
investigating new immunotherapy agents are expected to 
further diversify the indication for immunotherapy. 

Presently, NSCLC is among the most thoroughly 
investigated cancer histologies for potential application 
of immunotherapy with immune-checkpoint inhibitors. 
Success with initial trials and an increasing list of FDA 
approvals have encouraged efforts to further improve 
outcomes through evaluation and implementation of 
novel treatment strategies. In this review, we will critically 
assess the pivotal trials that led to the approval of various 
immunotherapy agents for NSCLC. Further, we shall 
summarize and discuss the ongoing trials investigating 
new immunotherapy treatment protocols and novel agents 
for patients diagnosed with NSCLC. Building upon our 
experience thus far with immunotherapy, we will explore 
future directions for the advancement and successful 
application of immune-checkpoint inhibitors in the 
treatment of NSCLC.

FDA approved immune-checkpoint inhibitors for 
NSCLC- pivotal trials 

Nivolumab

Nivolumab, an anti-PD-1 human monoclonal antibody 
(MoAb), became the first immune-checkpoint inhibitor 
to be approved by the FDA for patients diagnosed with 
NSCLC (30). It was approved to be administered as 
nivolumab 3 mg/kg once every 2 weeks for patients 
diagnosed with squamous NSCLC exhibiting progression 
of disease during or after prior treatment with platinum-
based chemotherapy. The approval was based upon the 
observations made in the CheckMate 017 study, a phase 3 
randomized control trial (RCT) (NCT01642004, Table 1). 
Squamous NSCLC patients that exhibited progression of 
disease with platinum-based chemotherapy were recruited 
for the study. Treatment with docetaxel 75 mg/m2 once 
every 3 weeks (n=137) was compared against nivolumab  
3 mg/kg once every 2 weeks (n=135) (34). Patients receiving 
nivolumab exhibited a median overall survival (OS) of 

9.2 months [95% confidence interval (CI): 7.3 to 13.3] as 
compared to 6.0 months (95% CI: 5.1 to 7.3) with docetaxel 
therapy. Similarly, median progression free survival (PFS) 
with nivolumab was recorded as 3.5 months (95% CI: 2.1 
to 4.9) vs. 2.8 months (95% CI: 2.1 to 3.5) for patients 
treated with docetaxel. Furthermore, the 1 year-OS rate 
with nivolumab was almost twice as high as what was 
observed with docetaxel (42% vs. 24%). Nivolumab therapy 
outperformed treatment with docetaxel in toxicity profile as 
well, with only 7% (9 of 131 patients) patients experiencing 
grade 3–4 treatment related adverse events (TRAEs) in 
comparison to 55% (71 of 129 patients) participants that 
were treated with docetaxel (34).

The approval of nivolumab for squamous NSCLC 
was soon followed by expansion of indication to non-
squamous NSCLC based upon the findings made in the 
CheckMate 057 study (NCT01673867). This was a phase 
3 RCT that compared safety and efficacy with docetaxel 
75 mg/m2 once every 3 weeks vs. nivolumab 3 mg/kg once 
every 2 weeks in patients with advanced/metastatic PD-1 
positive non-squamous NSCLC, presenting with disease 
progression after or during treatment with platinum-
based chemotherapy or FDA-approved targeted therapy 
for epithelial growth factor receptor (EGFR)/anaplastic 
lymphoma kinase (ALK) mutations (52). Objective response 
was observed in 12% (95% CI: 9 to 17) patients receiving 
docetaxel, as opposed to 19% (95% CI: 15 to 24) of those 
treated with nivolumab. The median OS in docetaxel 
arm was reported as 9.4 months (95% CI: 8.1 to 10.7) 
vs. 12.2 months (95% CI: 9.7 to 15.0) in the nivolumab 
arm. The median PFS in docetaxel arm was found to be  
4.2 months (95% CI: 3.5 to 4.9) as compared to 2.3 months 
(95% CI: 2.2 to 3.3) in nivolumab arm. Patients receiving 
nivolumab exhibited significantly lower grade 3–4 TRAEs 
(10%, 30 of 287 patients) than those treated with docetaxel 
(54%, 144 of 268 patients) (52). In view of the above, the 
FDA approved the use of nivolumab 3 mg/kg once every 
2 weeks for the treatment of advanced/metastatic PD-1 
positive non-squamous NSCLC that presented with disease 
progression after or during treatment with platinum-based 
chemotherapy or FDA-approved targeted therapy for 
EGFR/ALK mutations.

Pembrolizumab

Pembrolizumab or MK-3475, is an anti-PD-1 human 
MoAb akin to nivolumab that targets PD-1/PD-L1 
interaction between T cells and APCs to enhance anti-
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cancer immune activity (30). The findings made in 
KEYNOTE 001 trial (phase 1 trial) laid ground for FDA 
approval of pembrolizumab in NSCLC (NCT01295827, 
Table 1). The C and F arms of this study investigated 
pembrolizumab for the treatment of advanced NSCLC 
patients presenting with disease progression after prior 
treatment with FDA approved targeted therapy for EGFR/
ALK or platinum-based chemotherapy (39). Patients in 
arms C, F1 and F2 received pembrolizumab 10 mg/kg 
every 2 weeks (n=202), 10 mg/kg every 3 weeks (n=287) or  
2 mg/kg every 3 weeks (n=6), whereas participants enrolled 
in an expansion cohort F3 received pembrolizumab 2 mg/kg 
every 3 weeks (n=55) only. Patients with tumors exhibiting 
strong PD-L1 positivity tumor proportion score (TPS) 
of ≥50% tumor cells) in arms C, F1 and F2 exhibited a 
confirmed objective response rate (ORR) of 41% (95% CI: 
28.6–58.3%). The ORR for arm F3 was reported as 28% 
(95% CI: 12.1–49.4%). In regard to the toxicity profile, 
pooled data analysis revealed that serious adverse events 
and immune-related adverse events were reported in 37.8% 
and 13% of all patients that received pembrolizumab, 
respectively (39). Considering the above, the FDA approved 
pembrolizumab 2 mg/kg once every 3 weeks for advanced 
NSCLC patients with PD-L1 TPS of ≥50% tumor cells 
presenting with progression after prior treatment with 
platinum-based chemotherapy or FDA approved targeted 
therapy for EGFR/ALK mutations. However, the indication 
and dosage of pembrolizumab for lung cancer were soon 
revised in light of new evidence from KEYNOTE 010 and 
KEYNOTE 024 trials.

The revision of initial indication for pembrolizumab 
in lung cancer stemmed from the data published from 
two trials. The KEYNOTE 010 was a phase 2/3 RCT 
that compared therapy with pembrolizumab 2 mg/kg, 
pembrolizumab 10 mg/kg and docetaxel 75 mg/m2 for 
previously treated PD-L1 positive metastatic NSCLC 
patients (NCT01905657) (54). The PD-L1 positivity 
criteria in this study was defined as TPS score of ≥1%. The 
study reported a median OS and median PFS for patients 
receiving pembrolizumab 2 mg/kg as 10.4 months and  
3.9 months, while that for pembrolizumab 10 mg/kg arm 
were recorded as 12.7 months and 4.0 months, respectively. 
Docetaxel treatment arm was observed to have a median 
OS of 8.5 months and a median PFS of 4.0 months. In 
addition to the above, this study also analyzed outcomes 
in patients with PD-L1 TPS score of ≥50%. The study 
reported a median OS and median PFS for pembrolizumab  

2  m g / k g  a r m  a s  1 4 . 9  m o n t h s  a n d  5 . 0  m o n t h s , 
pembrolizumab 10 mg/kg arm as 17.3 months and  
5.2 months, and lastly for docetaxel arm as 8.2 months and 
4.1 months, respectively (54). Grade 3, 4 or 5 TRAE were 
observed in 13% patients that received pembrolizumab 
2 mg/kg, 16% of those that received pembrolizumab 
10 mg/kg and 35% patients treated with docetaxel (54). 
The data from KEYNOTE 010 led to the approval of 
pembrolizumab for PD-L1 positive (TPS score ≥1%) 
metastatic NSCLC presenting with progression of disease 
after prior treatment with platinum based chemotherapy or 
FDA-approved targeted therapy for EGFR/ALK mutations. 

Another trial, the KEYNOTE 024 was a phase 3 RCT 
that compared chemotherapy vs. fixed-dose pembrolizumab 
(200 mg once every 3 weeks) for treatment naïve  
PD-L1 positive EGFR wild-type advanced NSCLC without 
ALK translocation (NCT02142738) (51). In this study, the 
PD-L1 positivity criteria were defined as ≥50% staining. 
The median PFS of patients receiving chemotherapy was 
recorded as 6.0 months (95% CI: 4.2 to 6.2), while patients 
receiving pembrolizumab exhibited a median PFS of 
10.3 months (95% CI: 6.7–not reached). Pembrolizumab 
outperformed chemotherapy in response rates (44.8% vs. 
27.8%), OS at 6 months (80.2% vs. 72.4%) and grade 3–5 
TRAEs (26.6% vs. 53.3%) as well (51). The above data 
prompted approval of pembrolizumab 200 mg IV once 
every 3 weeks for patients presenting with treatment naïve 
EGFR wild-type PD-L1 positive (TPS ≥50%) advanced/
metastatic NSCLC without ALK translocation. Of note, 
this became the first FDA approval for the application of 
an immune-checkpoint inhibitor in first-line setting for 
advanced NSCLC. 

Most recently, the FDA approved pembrolizumab  
200 mg once every 3 weeks in combination with pemetrexed 
500 mg/m2 plus carboplatin area under curve (AUC) 
5 once every 3 weeks for treatment naïve EGFR wild-
type metastatic non-squamous NSCLC without ALK 
translocation, independent of PD-L1 status. The approval 
was based on the KEYNOTE 021 study, a multi-arm phase 
2 RCT (NCT02039674). The study noted a significant 
advantage in PFS with pembrolizumab plus carboplatin and 
pemetrexed combination as compared to chemotherapy 
alone [hazard ratio (HR): 0.53, 95% CI: 0.31–0.91, 
P=0.0205). The ORR for the combination therapy was 
reported to be 55% (95% CI: 42–68) as compared to 29% 
(95% CI: 18–41) with chemotherapy. Further data on 
toxicity profile and other survival parameters is awaited.
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Atezolizumab 

Atezolizumab, also referred to as MPDL3280A, is an anti 
PD-L1 human MoAb (30). It was approved for use as 
atezolizumab 1,200 mg to be administered IV once every  
3 weeks for patients diagnosed with advanced stage IIIB/IV 
NSCLC presenting with disease progression after or during 
prior treatment with FDA approved targeted therapy for 
EGFR/ALK mutations or platinum-based chemotherapy. 
The FDA approval for the use of atezolizumab for 
NSCLC was based-off the clinical findings in the OAK 
(phase 3 RCT) and POPLAR (phase 2 RCT) studies 
(NCT02008227, NCT01903993; Table 1). 

The OAK study enrolled patients with advanced stage 
IIIB/IV NSCLC presenting with disease progression after 
or during prior treatment with FDA approved targeted 
therapy for EGFR/ALK mutations or platinum-based 
chemotherapy (35). The study participants were randomized 
to receive atezolizumab 1,200 mg once every 3 weeks 
(n=425) or docetaxel 75 mg/m2 once every 3 weeks (n=425). 
The median OS with docetaxel and atezolizumab was found 
to be 9.6 months (95% CI: 8.6–11.2) and 13.8 months (95% 
CI: 11.8–15.7), respectively. Further, grade 3–4 TRAE we 
observed in only 15% of the patients receiving atezolizumab 
as compared to 43% of those who received docetaxel (35). 

The POPLAR study enrolled patients with metastatic/
locally advanced NSCLC presenting with disease 
progression after or during prior treatment with platinum-
based chemotherapy (53). The study participants were 
randomized in 1:1 fashion to receive either atezolizumab 
1,200 mg once every 3 weeks (n=143) or docetaxel  
75 mg/m2 once every 3 weeks (n=135). The median OS with 
atezolizumab and docetaxel was found to be 12.6 months 
(95% CI: 9.7–16.4) and 9.7 months (95% CI: 8.6–12.0), 
respectively. Grade 3–4 TRAEs were reported in 11% 
patients that were treated with atezolizumab, as opposed to 
39% patients that received therapy with docetaxel (53).

Immune-checkpoint inhibitors for NSCLC-
ongoing registration trials

Nivolumab

Nivolumab has been evaluated as a first-line therapy for 
advanced NSCLC in two trials. The CheckMate 026, a 
phase 3 RCT, compared treatment with nivolumab 3 mg/kg 
once every 2 weeks vs. investigator’s choice chemotherapy 
(squamous NSCLC: gemcitabine/cisplatin, gemcitabine/
carboplatin, paclitaxel/carboplatin; non-squamous 

NSCLC: pemetrexed/cisplatin, pemetrexed/carboplatin) 
for recurrent/stage IV PD-L1 positive NSCLC patients 
that were ineligible for EGFR/ALK targeted therapy 
(NCT02041533) (55). The PD-L1 positivity criteria were 
defined as ≥5% staining in this study. The median PFS in 
nivolumab arm was noted to be 4.2 months, as opposed 
to 5.9 months in chemotherapy arm (HR: 1.15; 95% 
CI: 0.91–1.45; P=0.25). The safety profile of nivolumab, 
however, was superior to that of chemotherapy. Grade 
3–4 TRAEs with nivolumab were observed in only 18% 
patients as compared to 51% patients that received  
chemotherapy (55). The application of nivolumab as a first-
line therapy for NSCLC has been attempted again through 
the Checkmate 227 trial.

The CheckMate 227 study, a phase 3 RCT, is presently 
recruiting chemotherapy naïve recurrent/stage IV NSCLC 
patients (NCT02477826). This is a multi-arm study that 
will be investigating monotherapy with nivolumab as a 
first-line option for advanced NSCLC, in addition to other 
regimens. Patients in comparator arm will receive platinum 
doublet chemotherapy only. The study participants will be 
stratified according to tumor PD-L1 status, with separate 
groups for patients with PD-L1 expression <1% and ≥1%. 
The primary objective of this study is to assess PFS and 
OS. The secondary objectives are assessment of ORR and 
changes in patient-reported cancer symptoms from baseline 
(evaluated using Lung Cancer Symptom Score). 

Pembrolizumab

Presently, pembrolizumab is being investigated in 
phase 3 RCTs for application in NSCLC. This includes 
KEYNOTE 042, KEYNOTE 189 and KEYNOTE 407 
(Table 2). Although these trials are evaluating the same 
fixed-dose of pembrolizumab (200 mg IV every 3 weeks), 
they vary significantly in other aspects, most important of 
them being the experimental regimen and indication.

The KEYNOTE 042 trial  will  analyze whether 
monotherapy with pembrolizumab is superior to standard 
of care chemotherapy in first-line setting for advanced 
NSCLC. This trial is currently underway to investigate 
treatment with pembrolizumab 200 mg IV every 3 weeks 
for 35 cycles as a first-line option for patients with PD-
L1 positive, EGFR wild-type NSCLC without ALK 
translocation (NCT02220894) (56). The outcomes in 
the experimental arm will be compared against to those 
observed with standard of care platinum-based doublet 
chemotherapy (carboplatin/pemetrexed/paclitaxel), 
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being administered in a parallel comparator arm. The 
randomization in the treatment arms will be stratified 
according to PD-L1 status, wherein outcomes in patients 
exhibiting 1–49% staining will be compared to those with 
≥50% staining [as observed with immunohistochemistry 
(IHC) using 22C3 antibody].  Other stratif ication 
parameters include East Asian vs. non-East Asian region, 
non-squamous vs. squamous histology and performance 
status of 1 vs. 0. The primary objective of this study 
is to evaluate the OS of participants with strong PD-
L1 positivity. Additionally, PFS and OS of all study 
participants and the PFS of participants with strong PD-
L1 positivity will be also assessed as a secondary objective.

Next, the KEYNOTE 189 trial, is assessing combined 
application of pembrolizumab with chemotherapy 
in patients with non-squamous NSCLC that are not 
eligible for anti-EGFR/ALK mutation targeted therapy 
(NCT02578680).  The experimental  arm involves 
treatment with 4 cycles of pembrolizumab 200 mg once 
every 3 weeks plus pemetrexed 500 mg/m2 and carboplatin 
AUC 5 or cisplatin 75 mg/m2 once every 3 weeks, followed 
by pemetrexed 500 mg/m2 plus pembrolizumab 200 mg 
once every 3 weeks. The control arm has been designated 
to administer chemotherapy same as above but substitutes 
pembrolizumab with placebo. Assessment of PFS has been 
defined as the primary objective of this study. The duration 
of response, safety of experimental regimen vs. that of 
control arm, OS, ORR and PFS for study participants with 
a PD-L1 expression TPS score of ≥1% will be evaluated as 
a secondary endpoint during this trial. 

Lastly, the KEYNOTE 407 trial is still in the recruitment 
phase. The aim of this study is to determine if the combined 
use of pembrolizumab with chemotherapy in treatment 
naïve stage IV squamous NSCLC would yield outcomes 
superior to standard of care chemotherapy (NCT02775435). 
The treatment regimen for the experimental arm has been 
defined as pembrolizumab 200 mg once every 3 weeks 
for 35 cycles plus 4 cycles of carboplatin AUC 6 once 
every 3 weeks plus paclitaxel 200 mg/m2 or nab-paclitaxel  
100 mg/m2 on days 1, 8 and 15. The control arm will have the 
same regimen but will involve substitution of pembrolizumab 
with placebo. The primary endpoint of this trial would be to 
evaluate the PFS and OS over the course of 2 years, whereas 
the ORR will be assessed as a secondary objective. 

Atezolizumab

Atezolizumab is currently being evaluated in three clinical 

trials, the IMpower 130, IMpower 131 and IMpower 
150, to potentially expand its application in NSCLC  
(Table 2). Though the indication and treatment regimens 
are quite distinct among these trials, all the three 
trials have nominated the same FDA approved dose of 
atezolizumab (1,200 mg administered every 3 weeks) for 
investigation purposes. 

The IMpower 130 study, a phase 3 RCT, intends 
to assess combined application of chemotherapy and 
atezolizumab in chemotherapy naïve stage IV non-
squamous NSCLC patients (NCT02366143). This 
trial will compare experimental therapy consisting 
of atezolizumab 1,200 mg once every 3 weeks plus 
chemotherapy (4 or 6 cycles of nab-paclitaxel 100 mg/m2 
on day 1, 8 and 15 plus carboplatin AUC 6 once every 
3 weeks) vs. treatment with chemotherapy only. The 
primary endpoint for this trial has been defined as the 
investigator assessed PFS, which will be evaluated for  
2.5 years. Assessment of the duration of response, 
objective response, PFS (evaluated by an independent 
review facility), OS, safety, changes in patient-reported 
cancer symptoms from baseline and time to deterioration 
(TTD) have been defined as the secondary endpoint for 
this study. 

Next, the IMpower 131 study, a phase 3 RCT, will be 
investigating two different chemotherapy regimens in 
combination with atezolizumab for treatment naïve stage 
IV squamous NSCLC patients (NCT02367794). One 
of the experimental arms will administer atezolizumab 
1,200 mg once every 3 weeks plus chemotherapy with 
4 or 6 cycles of nab-paclitaxel 100 mg/m2 on day 1, 8 
and 15 and carboplatin AUC 6 once every 3 weeks. The 
treatment regimen for the other experimental arm will 
consist of atezolizumab plus 4 or 6 cycles of paclitaxel 
200 mg/m2 and carboplatin AUC 6 once every 3 weeks. 
Patients in the active comparator arm will be treated with 
carboplatin plus nab-paclitaxel chemotherapy only. The 
investigator-assessed PFS and OS have been defined as the 
primary objective for this trial. The secondary endpoints 
for this trial are objective response, assessment of the 
duration of response, PFS (evaluated by an independent 
review facility), time to response (TTR), time in response 
(TIR), incidence of adverse events, percent patients with 
anti-therapeutic antibody response to atezolizumab and 
changes in patient-reported cancer symptoms from baseline 
and TTD.

Lastly, the IMpower 150 study, a phase 3 RCT, aims to 
evaluate atezolizumab in combination with chemotherapy 
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and bevacizumab for treating stage IV non-squamous 
NSCLC patients that have not received any prior therapy 
(NCT02366143). The first experimental regimen involved 
atezolizumab 1,200 mg once every 3 weeks plus 4 or 6 
cycles of paclitaxel 200 mg/m2 and carboplatin AUC 6 
once every 3 weeks. The second experimental regimen 
consists of atezolizumab 1,200 mg once every 3 weeks plus 
chemotherapy (as above) and bevacizumab 15 mg/kg IV 
once every three weeks. Study participants enrolled in the 
control arm will receive bevacizumab plus chemotherapy 
only. The primary objective of this study is to determine the 
investigator assessed PFS. The secondary endpoints include 
objective response, duration of response, changes in patient-
reported cancer symptoms from baseline, PFS (evaluated by 
an independent review facility), OS, safety and TTD. 

Avelumab

Avelumab is an anti-PD-L1 MoAb (30). It is presently being 
investigated for application in NSCLC in two trials, the 
JAVELIN lung 100 and the JAVELIN lung 200. 

The JAVELIN lung 100 study, a phase 3 RCT, will 
investigate therapy with avelumab vs. chemotherapy 
for treatment naïve stage IV/recurrent PD-L1 positive 
NSCLC patients (NCT02576574). This study will consist 
of two experimental arms, each evaluating a unique 
avelumab monotherapy regimen. The first will be avelumab  
10 mg/kg once every 2 weeks. The other experimental 
regimen will be avelumab 10 mg/kg once a week for  
12 weeks, later continued as 10 mg/kg once every 2 weeks 
till unacceptable toxicity or progression of disease. Patients 
randomized to the comparator arm will be receiving 
platinum-based chemotherapy for a maximum of 6 cycles. 
This would consist of pemetrexed 500 mg/m2 plus cisplatin 
75 mg/m2 once every 3 weeks or pemetrexed 500 mg/m2 
plus carboplatin AUC 6 mg/mL/min once every 3 weeks 
for patients with non-squamous NSCLC. Patients with 
squamous NSCLC will be treated with either paclitaxel 
200 mg/m2 plus carboplatin AUC 6 mg/mL/min once 
every 3 weeks, gemcitabine 1,000 mg/m2 on day 1, 8 of 
3 weeks cycle plus carboplatin AUC 5 mg/mL/min once 
every 3 weeks or gemcitabine 1,250 mg/m2 on day 1, 8 of 
3 weeks cycle plus cisplatin 75 mg/m2 once every 3 weeks. 
The primary objective of this study would be to determine 
the OS and the PFS for all treatment arms. As a secondary 
objective, this study will also assess PFS and OS for patients 
with high, moderate or any PD-L1 expression, duration of 
response and best overall response among other parameters.

The JAVELIN lung 200 study, a phase 3 RCT, will be 
comparing treatment with avelumab 10 mg/kg once every 
2 weeks vs. docetaxel 75 mg/m2 once every 3 weeks for 
patients with PD-L1 positive NSCLC presenting with 
progression of disease after or during prior treatment 
with platinum doublet chemotherapy (NCT02395172). 
The primary objective of this study will be to evaluate 
and compare the OS recorded in avelumab and docetaxel 
treatment arms. As a secondary objective, the study will 
also assess the best overall response, PFS and number of 
patients with treatment-emergent adverse events as graded 
by National Cancer Institute Common Terminology 
Criteria for Adverse Events (NCI-CTCAE) among other 
parameters.

Durvalumab

Durvalumab, also known as MEDI4736, is an anti-PD-L1 
MoAb (30). Presently, three trials are investigating potential 
application of monotherapy with durvalumab for NSCLC 
in different settings. These include the ARCTIC trial, 
MYSTIC trial and NCT03003962.

The ARCTIC trial, a phase 3 RCT, is a multi-arm 
study for patients with PD-L1 positive EGFR wild-type 
advanced/metastatic NSCLC without ALK translocation 
presenting after treatment failure on at-least 2 prior 
systemic therapies, with one being platinum-based 
chemotherapy (NCT02352948). In this study, the PD-
L1 positivity criteria have been defined as ≥25% staining 
using VENTANA PD-L1 SP263 CDx assay. Herein, the 
efficacy of treatment with durvalumab monotherapy will 
be assessed for patients with both PD-L1 positive as well as 
PD-L1 negative tumors, in addition to other experimental 
regimens. Patients enrolled in comparator arm will be 
receiving chemotherapy with either vinorelbine 30 mg/m2 
on days 1, 8, 15 and 22 of 28 days cycle, erlotinib 150 mg 
OD or gemcitabine 1,000 mg/m2 on days 1, 8, 15 of 28 days 
cycle. The primary objective of this study is to determine 
the OS and PFS for patients in each treatment arm, whereas 
the duration of response, ORR and OS at 12 months will be 
assessed as secondary endpoints.

The MYSTIC phase 3 RCT is yet another multi-arm 
study that will be evaluating monotherapy with durvalumab 
20 mg/kg IV once every 4 weeks for treatment naïve EGFR 
wild-type metastatic/advanced NSCLC without ALK 
translocation (NCT02453282). Patients randomized to the 
comparator arm will receive treatment with standard of care 
platinum-based chemotherapy (carboplatin + pemetrexed/
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cisplatin + pemetrexed/carboplatin + gemcitabine/cisplatin 
+ gemcitabine). The primary objective will be to determine 
and compare OS with durvalumab monotherapy vs. 
standard of care chemotherapy, whereas PFS, safety and 
ORR will be assessed as secondary endpoints.

The approval  of  durvalumab monotherapy for 
application in treatment naïve advanced NSCLC with 
high PD-L1 expression in Asia will be attempted through 
the phase 3 trial PEARL trial (NCT03003962). This trial 
defines the PD-L1 positivity criteria as ≥25% staining. 
Patients randomized to the experimental arm will receive 
durvalumab monotherapy whereas those enrolled in the 
comparator arm will be treated with standard of care 
platinum-based chemotherapy (pemetrexed/cisplatin, 
gemcitabine/carboplatin, pemetrexed/carboplatin or 
gemcitabine/cisplatin). The primary objective of this study 
will be to assess PFS and OS. The secondary objectives will 
include evaluation of ORR, PFS at 12 months, duration of 
response and incidence of TRAEs among other outcomes.

Dual immune-checkpoint inhibition therapy for 
NSCLC—ongoing registration trials

Currently, there are no approved dual immune-checkpoint 
inhibition regimens for NSCLC. Two regimens, nivolumab 
plus ipilimumab (anti-CTLA-4 MoAb) and tremelimumab 
(anti-CTLA-4 human MoAb) plus durvalumab (anti-PD-L1 
MoAb), are presently being investigated in various clinical 
trials (Table 3) (30). 

The CheckMate 227 study, a phase 3 RCT, is assessing 
combination immunotherapy with nivolumab and 
ipilimumab in chemotherapy naïve recurrent/stage IV 
NSCLC patients (NCT02477826). The experimental 
regimen for dual-immune checkpoint inhibition consists 
of nivolumab 3 mg/kg once every 2 weeks plus ipilimumab  
1 mg/kg once every 6 weeks. Participants randomized to the 
active comparator arm will receive treatment with platinum 
doublet chemotherapy only. The primary objective here is 
to assess PFS and OS whereas the secondary objectives are 
to assess the ORR and changes in patient-reported cancer 
symptoms from baseline (evaluated using Lung Cancer 
Symptom Score). 

The ARCTIC trial, a phase 3 RCT, is a multi-arm 
study evaluating treatment with immune-checkpoint 
inhibitors in patients with PD-L1 positive EGFR wild-type 
advanced/metastatic NSCLC without ALK translocation 
presenting after treatment failure on at-least two prior 
systemic therapies, with one being platinum-based 

chemotherapy (NCT02352948). As mentioned earlier, the 
PD-L1 positivity criteria in this study has been defined 
as ≥25% staining using VENTANA PD-L1 SP263 CDx 
assay. In addition to durvalumab monotherapy treatment 
arms, this study will also be investigating treatment 
with tremelimumab monotherapy and combination 
immunotherapy with tremelimumab plus durvalumab for 
patients with PD-L1 negative tumors. Patients randomized 
to comparator arm will be receiving chemotherapy with 
either vinorelbine, erlotinib or gemcitabine. This study will 
determine the OS and PFS for patients for each treatment 
arm as a primary objective. The ORR, duration of response 
and OS at 12 months will be evaluated as secondary 
objectives.

The MYSTIC trial, a phase 3 RCT, is a multi-arm study 
recruiting patients with treatment naïve EGFR wild-type 
metastatic/advanced NSCLC without ALK translocation 
(NCT02453282). This study will evaluate combination 
immunotherapy with tremelimumab 1 mg/kg IV plus 
durvalumab 20 mg/kg IV once every 4 weeks. As stated 
previously, patients randomized to the comparator arm will 
receive standard of care platinum-based chemotherapy. 
The OS and PFS for combination with durvalumab and 
tremelimumab will be assessed as a primary endpoint 
whereas PFS, safety and ORR will be assessed as secondary 
objectives.

Lastly, the NEPTUNE trial is a phase 3 RCT evaluating 
combination therapy with tremelimumab and durvalumab 
for treatment naïve EGFR wild-type metastatic/advanced 
NSCLC without ALK translocation (NCT02542293). The 
patients randomized to receive investigational regimen 
will be treated with 4 doses of tremelimumab 1 mg/kg 
IV and 12 doses of durvalumab 20 mg/kg IV, once every  
4 weeks. Patients in control arm will receive standard of 
care platinum doublet chemotherapy. The primary objective 
this trial will be to evaluate OS for up to 4 years. The OS 
for patients with PD-L1 negative tumors will be evaluated 
as a secondary endpoint. 

Discussion

The success with immunotherapy in cancer therapeutics 
is exemplary in terms of the pace with which it is taking 
over the field of oncology. Immune-checkpoint inhibitors 
have demonstrated considerable advantage in both clinical 
efficacy and toxicity profile over present standard of care 
chemotherapy agents. The string of FDA approvals in a 
relatively short period of time has invigorated a surge in 
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investigative efforts to further expand the indication and 
fast-track the development of various immunotherapy 
agents. 

NSCLC has been inquisitively investigated as a target for 
immunotherapy agents. So far, nivolumab, pembrolizumab 
and atezolizumab have received approval by the FDA 
for use in advanced NSCLC. Remarkably, the process of 
approval for pembrolizumab followed an unprecedented 
course. Data from KEYNOTE 001 and KEYNOTE 021, a 
multi-arm phase 1/2 trial with unique lung cancer treatment 
arms, was used as the basis for approval. This allowed for an 
early introduction of drug, in-turn benefitting the patients 
in a time-efficient manner. The timeline for initiation of 
additional trials has also been impressive. Novel strategies 
that may potentially enhance outcomes with immune-
checkpoint inhibitors are being actively explored in several 
ongoing trials (Tables 2,3). This includes both single-
agent immunotherapy in combination with platinum based 
chemotherapy and dual-immune checkpoint inhibition 
regimens. In addition, a number of new immune-checkpoint 
inhibitors are presently being evaluated for potential 
application in both first-line and second-line settings. 

The ideal PD-L1 positivity criteria for selection of 
patients that would benefit from anti-PD-1/PD-L1 
immune-checkpoint inhibitors remains to be an enigma. In 
the KEYNOTE 024 trial, pembrolizumab outperformed 
chemotherapy in first-line settings for advanced NSCLC 
with a TPS score of ≥50% set as the criteria for PD-
L1 positivity (51). On the other hand, the CheckMate 
026 trial, wherein PD-L1 positivity was defined as ≥5% 
staining, nivolumab did not show any advantage over 
chemotherapy in survival outcomes when used in first-line 
settings for advanced NSCLC (55). In order to optimize 
case-selection for immunotherapy with anti-PD-1/PD-
L1 immune-checkpoint inhibitors, upcoming trials have 
resorted to a more open approach. The CheckMate 227 
trial, evaluating monotherapy with nivolumab in first-line 
setting for advanced NSCLC, will stratify outcomes on the 
basis of tumor PD-L1 expression ≥1% and <1%. Similarly, 
the KEYNOTE 042 trial that is presenting evaluating 
monotherapy with pembrolizumab in first-line setting 
for advanced NSCLC, will present stratified data for two 
groups, tumors with ≥50% PD-L1 expression and 1–49% 
PD-L1 expression. It is expected that these studies and 
others alike would provide crucial data to define the most 
appropriate PD-L1 positivity criteria and make way for 
expansion of indication for immune-checkpoint inhibitors.

The toxicity profile with immune-checkpoint inhibitors 

has been identified as a subject of concern. The FDA 
approved combination immunotherapy with nivolumab and 
ipilimumab for melanoma was noted to have a poor toxicity 
profile (61). A higher incidence of TRAEs may put therapy 
with immune-checkpoint inhibitors at a disadvantage to 
alternative regimens, especially when considering treatment 
options for patients with poor performance status. In lung 
cancer, however, attempts to meet this challenge have been 
made by introduction and evaluation of low-dose regimens 
that are less toxic and exhibit statistically significant clinical 
efficacy (62). Dual-immune-checkpoint inhibition with 
other immunotherapy agents such as tremelimumab and 
durvalumab presently being investigated may serve as 
an alternative strategy to achieve superior outcomes as 
compared to currently approved combination regimen. 
Furthermore, newly identified immune-checkpoint 
interactions are being explored for possible use as targets 
for novel immunotherapy agents. This includes OX-40/
OX-40L, CD27/CD70 and 4-1BB/4-1BBL among others 
(23-26,63-66). Ongoing trials evaluating immunotherapy 
agents in variant settings are expected to yield critical data 
that would shape an ideal immunotherapy regimen. 

Conclusions

Immunotherapy is an upcoming treatment strategy with the 
potential to change the landscape of cancer therapeutics. 
Several clinical studies have demonstrated outcomes with 
immune-checkpoint inhibitors to be superior in comparison 
with chemotherapy in advanced NSCLC. A number of 
concerns, especially treatment-related toxicity associated 
with the use of immunotherapy agents, have also come 
to light. Nevertheless, efforts are underway to meet these 
challenges and optimize the application of immunotherapy 
in lung cancer. 

Intensive research at several levels is steadily paving the 
path towards conceiving an ideal immunotherapy regimen 
for lung cancer. Presently, immune-checkpoint inhibitors 
are being assessed in combination with chemotherapy 
and in dual-immune checkpoint inhibitor regimens, in 
an attempt to achieve better clinical efficacy and toxicity 
profile. Several new immunotherapy agents are also under 
investigation, including tremelimumab and durvalumab. 
Concurrently, new immune-checkpoint pathways are 
being identified to act as targets for the next generation of 
immunotherapy agents. 

Though the upcoming treatment strategies involving 
immune-checkpoint inhibitors are promising in terms of 
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achieving superior clinical efficacy than present standard of 
care therapy, it is important to strike the right balance with 
treatment-related toxicity. Efforts made towards optimizing 
the case-selection process will provide a major footing in the 
direction of accomplishing this goal. Clearly defined criteria 
for positivity of available biomarkers would be vital in avoiding 
therapies that are unlikely to be of any benefit in a given 
scenario. Additionally, the development of new and more 
reliable biomarkers would also go a long way in enhancing 
clinical outcomes with various immunotherapy agents. 

The above efforts directed at advancing immunotherapy 
for application in NSCLC have crafted the most dynamic 
landscape thus far in cancer therapeutics. However, 
considering the current scenario, it may be argued that 
immunotherapy does appear to have the potential to 
outperform and replace chemotherapy as the primary 
treatment modality for lung cancer in not so distant future.
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