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Introduction

Cancer of the lung and bronchus continues to be the 
leading cause of deaths attributed to cancer in the United 
States, with an estimated 155,870 deaths from lung cancer 
in 2017 (1). Unfortunately, the majority are diagnosed at 
an advanced disease stage at the time of presentation which 
portends a poor prognosis with 5-year survival rates of 
approximately 4% (2).

Overall, meaningful advances in improving outcomes in 
non-small cell lung cancer (NSCLC) have been scarce in 
this past decade. Notably, the outcomes are more favorable 
for the subset of patients with actionable mutations that 
are responsive to appropriate targeted treatments. The 
reality is that for the majority of patients, whose tumor 
does not harbor an actionable mutation, the median 

survival is approximately 12 months (3). Standard cytotoxic 
chemotherapies in the second-line setting following 
platinum-based chemotherapy for metastatic NSCLC 
generate low objective response rate (ORR), and marginal 
survival benefit (4,5).  

Chemotherapy combinations used in the salvage therapy 
setting have not resulted in improved survival. However, 
the combination of docetaxel with ramucirumab, an anti-
vascular endothelial growth factor receptor 2 monoclonal 
antibody, demonstrated superiority in overall survival 
relative to docetaxel alone and is available as a combination 
strategy for salvage therapy (6).

The development of immune checkpoint inhibitors, 
targeting the programmed death-1 (PD-1)/programmed 
death-ligand 1 (PD-L1) pathway, has changed how we treat 
NSCLC, making this an established therapeutic strategy 
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for individuals with advanced disease. Cancer survival, 
particularly for advanced stage NSCLC, is expected to 
increase in light of recent advances in immunotherapy (7).

PD1/PD-L1 pathway

Oncogenesis  is  a  multi faceted,  multistep process 
characterized by the accumulation of genetic and epigenetic 
alterations that drive or reflect tumor progression. These 
alterations set apart cancer cells from normal cells, 
triggering the immune system to recognize these as foreign. 
However, tumors are rarely fully rejected by the immune 
system, reflecting that cancer cells have the ability to 
maintain an immunosuppressive microenvironment (8).

PD-1 is a receptor found on T cells that are activated, 
and functions as a counterbalancing force for T-cell 
receptor (TCR) signaling and acts as an “off switch” for the 

immune system to prevent autoimmunity (9). The PD-1 
receptor functions mainly at the site of peripheral tissues, 
allowing T cells to interact with the PD-1 ligands [PD-L1 
(B7-H1) and PD-L2 (B7-DC)] (9,10). The upregulation 
of PD-L1 observed in the setting of malignancy, 
downregulates primed T cells, which leads to cancer 
evasion, escape and progression (11,12). 

In summary, the immune check point pathway plays 
an important role in dampening immunosurveillance 
for tumors, leading to tumor immune evasion, and is 
therefore an attractive therapeutic target. Currently, there 
are three immune check point inhibitors approved in 
the salvage therapy setting: nivolumab, pembrolizumab 
and atezolizumab (see Table 1). Pembrolizumab has been 
recently indicated for treatment-naïve patients with 
advanced NSCLC with tumor proportion score (TPS) 
≥50% or high tumor PD-L1 expression (13), and in 
combination with platinum and pemetrexed for metastatic 
NSCLC with non-squamous histology (14). 

Immunotherapy agents in clinical practice (see 
Table 2)

Nivolumab

Nivolumab is a fully human IgG4 anti-PD-1 monoclonal 
antibody and serves to restore antitumor immunity (15,16). 

Table 1 Approved immune check point inhibitors 

Immunotherapy Antibody target Dose Schedule

Nivolumab PD-1 Ab* 240 mg IV Q2 weeks 

Pembrolizumab PD-1 Ab* 200 mg IV Q3 weeks

Atezolizumab PD-L1 Ab** 1,200 mg IV Q3 weeks

*, programmed death-1 antibody; **, programmed death 
ligand-1 antibody.

Table 2 Phase III studies in previously treated advanced NSCLC

Immunotherapy (IT) 
clinical trial

Checkmate 017 Checkmate 057 KEYNOTE 010 OAK

Study population Advanced squamous 
NSCLC after progression 
on platinum doublet

Advanced nonsquamous 
NSCLC after progression 
on platinum doublet

Advanced NSCLC after 
progression on at least 1 line, 
including platinum-doublet; 
required PD-L1 ≥1%

Advanced NSCLC on 
1–2 lines of systemic 
therapy, including 
platinum-doublet 

Cohorts Nivolumab 3 mg/kg q2w 
vs. docetaxel 75 mg/m

2
 

q3w

Nivolumab 3 mg/kg  
q2w vs. docetaxel  
75 mg/m

2
 q3w

Pembrolizumab 2 or  
10 mg/kg q3w vs.  
docetaxel 75 mg/m

2
 q3w

Atezolizumab 1,200 mg 
q3w vs. docetaxel  
75 mg/m

2
 q3w 

Number of patients 272 582 1,034 1,225

ORR % with IT 20 19 19.4 14

OS with IT (months) 9.2 12.2 10.4 months for 2 mg/kg 
dose; 12.7 months for  
10 mg/kg dose

13.8

Effect of PD-L1 
expression
on IT outcomes

Neither prognostic or 
predictive of benefit

With PD-L1 expression, 
greater benefit with 
nivolumab

With PD-L1 ≥50%, OS and 
PFS was improved to a 
greater extent

With PD-L1 expression, 
greater OS benefit with 
atezolizumab

NSCLC, non-small cell lung cancer; PD-1, programmed death-1; PD-L1, programmed death-ligand 1.
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Nivolumab was the first immune check point inhibitor 
in this class to receive approval for pre-treated advanced 
NSCLC following platinum-doublet chemotherapy.

Nivolumab was reported to have activity with manageable 
side effects in patients with multiple solid tumors, including 
NSCLC (17). This phase Ib study included a cohort of 
122 patients with metastatic NSCLC, with more than half 
of the patients (55%) having received three or more prior 
treatments. Nivolumab was investigated in differing dosing 
regimens: 1, 3, or 10 mg/kg of nivolumab every 2 weeks, 
for maximum of 2 years. The ORR was 18%, with durable 
responses and duration of response of 17 months. It is 
noteworthy that the responses were seen in the three dosing 
regimens and were also seen independent of histology. 
The prolonged duration of response to nivolumab is in 
stark contrast to that with chemotherapy where responses 
are often short-lived. The remarkable activity seen with an 
immune checkpoint inhibitor in a heavily pre-treated cohort 
of patients with NSCLC generated enthusiasm for further 
investigation of this class of agents. However, it was clear 
that the clinical benefit was limited to a subset of patients, 
thus calling for identification of predictive biomarkers for 
patient selection. Serious treatment-related adverse events 
(AEs) was reported in 14% of cases. Among AEs with 
immune-related etiology, pneumonitis, colitis, hepatitis, and 
thyroiditis were reported. Immune-mediated pneumonitis 
was described in 3% and serious (grade 3/4) pneumonitis was 
reported in 1% of cases. Of note, three deaths were reported 
due to immune-mediated pneumonitis (two in NSCLC 
and one in colon cancer patients). Management of early 
pneumonitis required treatment discontinuation, initiation 
of glucocorticoids or both with successful outcomes. 
In three patients with severe pneumonitis, additional 
immunosuppression was required beyond glucocorticoids 
and infliximab, mycophenolate, or both were administered. 

In the NSCLC cohort, nivolumab at 3 mg/kg was 
associated with encouraging survival outcomes with a 2-year 
OS rate of 42% (18). The median OS was 14.9 months 
in 37 patients. No association was reported between PD-
L1 expression and outcomes. Among 17% of patients who 
achieved objective responses, these responses were durable, 
with median duration of response of 17 months. Responses 
were seen independent of histology (squamous versus 
nonsquamous). The rate of serious drug-related AEs was 
14%. Three treatment-related deaths due to pneumonitis 
occurred (18). The long-term survival data of this phase 
Ib study revealed the 5-year OS to be 16%, notable given 
that the 5-year OS historically has been less than 5% (19). 

Nivolumab also demonstrated activity in the phase phase II 
trial setting for patients with metastatic NSCLC of squamous 
histology with ORR of 15% and 1-year OS of 42% 
(CheckMate 063) in the third-line setting and beyond (20). 

These data prompted the conduct of two large 
phase III trials, CheckMate 017 and CheckMate 057, 
investigating nivolumab in patients with pre-treated 
advanced NSCLC (21,22). 

CheckMate 017 (21) sought to compare the safety 
and efficacy of nivolumab to docetaxel in patients with 
progressive advanced squamous cell NSCLC following 
treatment with platinum-based doublet chemotherapy. 
A total of 272 patients were randomized to nivolumab at  
3 mg/kg IV every 2 weeks (n=135 patients) or docetaxel at 
75 mg/m2 IV every 3 weeks (n=137 patients). The primary 
endpoint was OS. Secondary endpoints included efficacy 
according to tumor PD-L1 expression. Most patients in 
both arms were current or former smokers. The primary 
endpoint of this study was met with 1-year OS of 42% 
in the nivolumab arm versus 24% in the docetaxel arm, 
and higher ORR with nivolumab compared to docetaxel 
(20% vs. 9%). The durability of response was longer with 
nivolumab treatment compared to docetaxel, with median 
duration of response not reached in the nivolumab arm 
compared with 8.4 months in the docetaxel arm. The 
benefit achieved with nivolumab was independent of PD-L1  
expression. Serious AEs were lower in frequency in the 
nivolumab arm (7%) versus docetaxel (55%). No treatment-
related deaths were reported in the nivolumab arm; whereas 
there were three deaths attributed to docetaxel (one patient 
died due to interstitial lung disease, one patient died due to 
pulmonary hemorrhage, and one died due to complications 
of sepsis). CheckMate 017 supported the approval of 
nivolumab therapy for advanced squamous NSCLC in 
previously treated patients following platinum-doublet 
chemotherapy in March of 2015. 

CheckMate 057 investigated the safety and efficacy 
of nivolumab compared to docetaxel in patients with 
progressive advanced non-squamous NSCLC following 
treatment with platinum-based doublet chemotherapy (22). 
A total of 582 patients were randomized to nivolumab at 
3 mg/kg IV every 2 weeks (n=292 patients) or docetaxel at 
75 mg/m2 IV every 3 weeks (n=290 patients). The primary 
endpoint was OS. Secondary endpoints included efficacy 
according to tumor PD-L1 expression. Most patients in 
both arms were current or former smokers. The primary 
endpoint of this study was met with 1-year OS of 51% in 
the nivolumab arm versus 39% in the docetaxel arm. The 
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median OS in patients receiving nivolumab was 12.2 as 
compared to 9.4 months in the docetaxel arm. The rate of 
ORR was superior with nivolumab (19%) as compared to 
docetaxel (12%) in the overall study population. Similarly 
to what had been previously reported, response duration 
was longer with nivolumab (17.2 months) versus docetaxel 
(5.6 months). Interestingly, treatment with nivolumab 
did not result in longer progression-free survival (PFS) as 
compared to docetaxel; notable for crossing of the PFS 
curves. Although this study met its primary endpoint, the 
benefit was greater across all the efficacy end points among 
patients with tumor PD-L1 expression compared to those 
with negative PD-L1 expression. A pre-specified subgroup 
analysis suggested that patients with negative PD-L1 in 
the nivolumab arm had comparable OS to those in the 
docetaxel arm. However, given the favorable tolerability 
and durability of responses, nivolumab is considered a 
reasonable treatment option in this subgroup. Serious drug-
related AEs were lower and less common with nivolumab 
as compared to docetaxel. One patient died in each of the 
two groups. One patient in the nivolumab arm died due 
to encephalitis attributed to treatment, and one patient 
in the docetaxel arm died due to treatment-related febrile 
neutropenia. These results supported the use of nivolumab 
for pre-treated advanced nonsquamous NSCLC following 
platinum-doublet chemotherapy in October of 2015. 

In CheckMate 017, with 2-year follow-up, nivolumab 
continued to show a significant benefit with regards to OS 
and demonstrated significantly greater median duration of 
response, notable for a response duration of 25.2 months in 
the nivolumab arm versus 8.4 months in the docetaxel arm. 
Similarly in CheckMate 057, OS superiority was maintained 
in the nivolumab arm. The median duration of response 
was also significantly longer in the nivolumab arm, notable 
for a response duration of 17.2 months in the nivolumab 
arm versus 5.6 months in the docetaxel arm. 

In summary, with ≥2 y follow-up from these two 
landmark trials (CheckMate 017 and 057), the benefits 
of nivolumab persisted with OS benefit and significantly 
improved rates of durable responses as compared to 
docetaxel (23). Based on the strength of these results, 
nivolumab is currently deemed to be an effective treatment 
used in the routine care of patients with advanced NSCLC 
in the salvage setting.

Pembrolizumab

Pembrolizumab is a humanized IgG4 kappa isotype anti-

PD-1 monoclonal antibody. The end result disrupts 
the inhibitory signals in T cells allowing better tumor 
recognition by cytotoxic T cells and improved tumor cell 
death. 

KEYNOTE-001 was a phase I study that included 
patients with metastatic NSCLC in multiple expansion 
cohorts. Patients with treatment-naïve and pre-treated 
NSCLC received pembrolizumab in the following dose 
finding cohorts: 2 or 10 mg/kg IV every 3 weeks, or  
10 mg/kg IV every 2 weeks (6,24). Primary endpoints 
were safety, tolerability, and efficacy of pembrolizumab. 
ORR was 19.4% in the overall population, and ORR of 
18.0% in pre-treated patients (n=394) and 24.8% in the 
treatment naïve patients (n=101). These responses were 
durable with a median response duration of 12.5 months. 
The analysis of PD-L1 was used as a potential predictive 
biomarker. A proportion score of ≥50% was associated with 
a superior ORR, longer PFS and OS as compared to <50% 
in both pre-treated and untreated patients. This suggested 
that tumors with high PD-L1 may be more responsive to 
immune check point inhibitors. The most common AEs 
were fatigue, anorexia, and pruritus. Serious AEs were 
reported in 9.5% of patients. Immune-related adverse 
events (IRAE) reported >2% of patients included infusion-
related reactions (3%), hypothyroidism (6.9%), and 
pneumonitis (3.6%). Serious pneumonitis was uncommon 
(1.8%), with 1 patient death (0.2%). Given the greater 
degree of benefit in patients with tumor PD-L1 ≥50%, 
pembrolizumab 2 mg/kg every 3 weeks was approved for 
pre-treated advanced NSCLC following platinum-doublet 
chemotherapy.

In an updated report on the survival of patients with 
advanced NSCLC on KEYNOTE-001, the median 
OS was 22.1 months for treatment-naive patients and  
10.6 months for pre-treated patients. The 18-month OS 
rates were 58.2% for treatment-naive patients and 37 % 
for pre-treated patients; 24-month OS rates were 44.5% 
and 31.3%, respectively. In both cohort of patients, OS 
increased according to increasing PD-L1 expression (6).

P e m b r o l i z u m a b  w a s  f u r t h e r  i n v e s t i g a t e d  i n 
KEYNOTE-010, a global, phase II/III trial, which included 
pre-treated advanced NSCLC patients who had PD-L1 
positive tumors (expression ≥1%) (25). A total of 1,034 
patients were randomized to receive pembrolizumab at two 
doses: 2 mg/kg (n=345) or 10 mg/kg (n=346) every 3 weeks, 
or docetaxel at 75 mg/m2 every 3 weeks (n=343). The 
primary endpoints were OS and PFS in patients with PD-L1 
 ≥1% and ≥ 50%. Most patients were former or current 
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smokers. In the total population, median OS was improved 
in the two pembrolizumab doses (10.4 months for 2 mg/kg;  
12.7 months for 10 mg/kg) as compared to docetaxel  
(8.5 months). For the overall population, PFS primary 
endpoint was not met. For patients with PD-L1 ≥50%, both 
pembrolizumab arms demonstrated significantly improved 
PFS. Pembrolizumab was better tolerated compared to 
docetaxel, despite a longer exposure. IRAEs, including 
pneumonitis, were reported at low rates. There were 3/682 
patients (<1%) in the pembrolizumab arm that died due to 
treatment-related pneumonitis. 

PD-L1 ≥50% was reported in 28% of patients (n=633), 
and the outcomes were superior with pembrolizumab 
in this subgroup. Median OS was 14.9 months for the 
pembrolizumab 2 mg/kg group, 17.3 months for the  
10 mg/kg group, and 8.2 months for the docetaxel group. 
This study confirmed the benefits of pembrolizumab in 
patients with pre-treated metastatic NSCLC with PD-L1 
expression ≥1% and expanded approval for this previously 
treated subset of patients with advanced NSCLC following 
platinum-doublet chemotherapy.

Atezolizumab

Atezolizumab is an engineered, humanized IgG1 anti-
PD-L1 monoclonal antibody that blocks the interaction 
of PD-L1 with the PD-1 receptor, leading to restoration 
of anti-tumor T-cell activation and T-cell priming (8,26). 
By blocking PD-L1 only, the PD-L2–PD-1 interaction 
is preserved and this is a potential advantage that may 
minimize autoimmunity (26-28). Atezolizumab is the first 
approved monoclonal antibody that targets the PD-L1 
ligand for patients with metastatic NSCLC in the salvage 
setting. 

Clinical trials in the phase I and II setting have 
demonstrated that durable responses are achieved in 
patients with NSCLC treated with atezolizumab. These 
responses are associated with the degree of PD-L1 
expression, which has been determined using a different 
analysis, incorporating PD-L1 expression not only in the 
tumor cell, but also in the tumor-infiltrating immune cell 
using immunohistochemistry (IHC) (8,29-31).

The POPLAR study was a randomized phase II 
study which included 287 patients with previously 
treated NSCLC (32) .  Patients  were treated with  
atezolizumab 1,200 mg IV every 3 weeks (n=144) or 
docetaxel 75 IV mg/m2 every 3 weeks (n=143). The primary 
endpoint was OS in the intention-to-treat (ITT) population 

and PD-L1 subgroups. PD-L1 was evaluated on tumor cells 
and tumor-infiltrating immune cells with the VENTANA 
SP142 PD-L1 IHC assay (Vantaa Medical Systems, Tucson, 
AZ, USA). This study met its primary endpoint; with 
atezolizumab demonstrating an improved OS of 12.6 months  
versus docetaxel of 9.6 months. The median duration of 
response in the atezolizumab arm of 14.3 months, versus 
7.3 months in the docetaxel arm, confirming the durability 
of these responses in the immunotherapy subgroup. There 
was no difference in OS in patients with tumors with 
negative PD-L1 in both treatment arms. Median OS was 
improved with atezolizumab (15.5 months) versus docetaxel 
(9.2 months) with any degree of PD-L1 expression (on 
either tumor cells or tumor infiltrating cells). The rates of 
drug-related grade 3/4 AEs were 11% for atezolizumab, 
compared to 39% for docetaxel. Grade 5 AEs (<1%) were 
also less frequent than those with docetaxel (2%). 

In the phase III OAK trial, patients received atezolizumab 
at 1,200 mg IV every 3 weeks (n=425) or docetaxel  
75 IV mg/m2 (n=425) in a randomized fashion (ITT 
population) (33). Co-primary endpoints were OS in the 
ITT and PD-L1-expression subgroup (≥1% PD-L1 on 
tumor cells or tumor infiltrating immune cells). The 
primary endpoint was met in this study with improved 
OS with atezolizumab in the ITT and PD-L1 positive 
subgroups. The median OS was 13.8 months in the 
atezolizumab arm versus 9.6 months in the docetaxel arm. 
The OS in the TC (tumor cell) 1/2/3 or IC (immune cell) 
1/2/3 population was superior with atezolizumab (n=241) 
versus docetaxel (n=222). Patients in the PD-L1 low/
negative subgroup (TC0 and IC0) did have superior survival 
with atezolizumab in this study. Atezolizumab was well 
tolerated, demonstrated to have lower rates of drug-related 
grade 3/4 AEs with atezolizumab (15%) versus docetaxel 
(43%). In the docetaxel arm, one death due to respiratory 
tract infection attributed to docetaxel was reported. No 
deaths were reported in the atezolizumab arm. 

Both the POPLAR and OAK studies showed that 
atezolizumab treatment led to superior survival independent 
of PD-L1 and histology (squamous and non-squamous) 
and durable responses. This is the first agent targeting 
PD-L1 that has received approval for previously treated 
patients with advanced NSCLC following platinum-doublet 
chemotherapy.

Immune check point inhibitors in development 

Durvalumab is an engineered, humanized IgG1 anti-PD-L1 
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monoclonal antibody. It also spares the interaction between 
PD-1 receptor and PD-L2, a factor that may be important 
to minimize autoimmunity (34). 

In the phase I/II multicenter study that included those 
with multiple solid tumors, including NSCLC (35,36), 
durvalumab generated durable responses in the subgroup 
with advanced NSCLC, with tolerable side effects. ORR 
with durvalumab 10 mg/kg IV every 2 weeks was 23% in 
patients with PD-L1 positive tumors and 5% in patients 
with PD-L1 negative tumors. PD-L1 was analyzed using 
Ventana PD-L1 IHC (SP263). Those whose tumor express 
PD-L1 had superior ORR and OS (36). Serious AEs were 
seen in 6% of patients. Pneumonitis (Grade 1–2) occurred 
in 2 (1%) patients. There are several studies investigating 
durvalumab with or without the CTLA-4 inhibitor 
(cytotoxic T-lymphocyte-associated antigen-4 inhibitor) 
tremelimumab in NSCLC in the front-line setting (i.e., 
MYSTIC: NCT02453282; POSEIDON: NCT03164616)

Ave lumab i s  a  fu l ly  human IgG1 ant i -PD-L1 
monoclonal antibody and retains the native Fc region 
enabling antibody-dependent cell-mediated cytotoxicity 
(ADCC). The latter has been demonstrated to be 
advantageous in the pre-clinical setting given the ADCC 
mediated tumor cell lysis, and this may be an important 
feature in the clinical setting to enhance the activity 
of avelumab in combination with vaccines or other 
immunotherapeutic agents (37). Avelumab was shown to 
have durable activity in an early phase trial in treatment-
naïve patients with NSCLC regardless of PD-L1 (38). 
Of the total of 145 patients on study, more than half had 
adenocarcinoma histology. In 75 patients with longer 
follow-up, ORR was 19% (1 complete response; with 12 
ongoing responses) and 45% had disease stability for a 
disease control rate (DCR) reported at 64%. Avelumab is 
currently being evaluated in pre-treated advanced NSCLC 
in a phase III trial that randomizes patients to avelumab or 
docetaxel (JAVELIN Lung 200; NCT02395172). 

Immunotherapy in patients with advanced NSCLC with 
actionable genomic alterations

Evidence regarding the role of immune checkpoint 
inhibitors in NSCLC with actionable genomic alterations 
such as EGFR-mutated or ALK rearranged lung cancers is 
limited (39,40). 

Murine models have demonstrated significant response 
to the treatment with immune check point inhibitors in 
EGFR-mutant but not KRAS-driven lung tumors (40). 

However, in a retrospective study of 58 patients with 
NSCLC that received immune check point inhibitor 
therapy, only 4% of patients harboring EGFR mutations or 
ALK rearrangements were responders and 23% with EGFR 
negative and ALK-negative or unknown mutations status 
were responders (39). 

In a meta-analysis that included the three studies that 
compared immune check point inhibitors (nivolumab, 
pembrolizumab, atezolizumab) to docetaxel (22,25,33), 
immunotherapy agents significantly improved OS compared 
to docetaxel, and also specifically in the EGFR negative 
subgroup. However, this benefit was not seen in the EGFR-
mutated sub-group. One explanation for this is that EGFR-
mutated lung cancers have low mutation burden, which 
has been correlated with lower chance of response to 
immunotherapy. This was substantiated by another study 
that documented EGFR positive lung cancer to have low 
mutation burden when analyzed with next-generation 
sequencing (41). 

In the cases of EGFR mutated or ALK rearranged 
NSCLC, appropriate targeted therapy is the first-
line therapy, and upon development of resistance and 
progression, if no actionable mutation (i.e., osimertinib 
for T790M), the next line of therapy to be considered is 
platinum-doublet chemotherapy.

Is PD-L1 the optimal predictive biomarker? 

The success of immune check point inhibitors is strongly 
dependent on optimal patient selection. Developing 
validated biomarkers that identify patients that will truly 
benefit from these antibodies remains an area of active 
investigation (42). Although a subset of patients with 
NSCLC benefit from PD-1 blockade therapy, many 
patients do not achieve significant benefit. The mechanisms 
by which PD-1 blockade modulates the immune system in 
patients with advanced NSCLC is not fully understood, 
and there is a critical need to further investigate factors 
that determine clinical responses to immunotherapy.  
PD-L1 on tumor cells and on tumor infiltrating cells has 
been correlated with clinical responses and improved 
survival to immune check point inhibitors in landmark 
studies (22,24,25,33). 

Both KEYNOTE 001 (24) and KEYNOTE 010 (25) 
showed that PD-L1 can be applied to select patients 
for treatment with pembrolizumab. In KEYNOTE 
010, patients with PD-L1 ≥1% derived survival benefit 
from pembrolizumab. The PD-L1 IHC assay using the 
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22C3 clone reported in KEYNOTE-010 was previously 
validated and received approval by the FDA to be used as a 
companion diagnostic test to assist in patient selection for 
treatment with pembrolizumab (43). 

However, in the CheckMate trials, the impact of PD-
L1 as a predictive biomarker was not clear (21,22). The 
CheckMate trials used the Dako 28-8 PD-L1 IHC assay 
and categorized PD-L1 expression at 3 cut-offs: ≥1%, 
≥5%, or ≥10%. In CheckMate 017, PD-L1 expression was 
not predictive of ORR or OS. In CheckMate 057, PD-L1  
expression was predictive for benefit with nivolumab, 
similarly to what has been previously reported in the phase 
I study. No significant difference was reported in OS in 
those with PD-L1 negative tumors between the nivolumab 
and docetaxel treatment arms. Notably, a significant 
improvement in survival across the 3 pre-specified cut-
off levels of expression (≥1%, ≥5%, or ≥10%) was seen. 
Based on these results, the Dako 28-8 PD-L1 IHC assay 
was approved as a complementary diagnostic test, however, 
it is not required for patient selection for treatment with 
nivolumab (44).

In the studies investigating atezolizumab, PD-L1 
expression was predictive of better outcomes, including OS. 
PD-L1 assessment with VENTANA SP142 PD-L1 IHC 
assay was determined based on a score of the percentage of 
tumor cells (TC3 ≥50%, TC2 ≥5% and <50%, TC1 ≥1% 
and <5%, and TC0 <1%) and tumor-infiltrating immune 
cells (IC3 ≥10%, IC2 ≥5% and <10%, IC1 ≥1% and 
<5%, and IC0 <1%) expressing PD-L1. This method of 
inclusion of the tumor-infiltrating immune cells is unique 
to the development of atezolizumab and this finding has 
not been reported in other PD-1 inhibitor studies (32,33). 
Nonetheless, this has led to the approval of another 
diagnostic test for evaluating PD-L1 expression, in this 
case, as a complementary diagnostic test for atezolizumab, 
and it is not required for patient selection for treatment 
with atezolizumab.

The approval of multiple PD-L1 IHC assays to identify 
the optimal therapies within the currently available 
immunotherapy agents poses a unique challenge with 
respect to clinical application of PD-L1 testing and 
treatment decision making. In the treatment-naive setting, 
pembrolizumab is approved for patients with advanced 
NSCLC with PD-L1 ≥50% (using the Dako 22C3 PD-L1  
IHC assay). In the salvage setting, pembrolizumab is 
approved for patients with advanced NSCLC with PD-L1  
≥1%. Both nivolumab and atezolizumab are approved, 
independent of PD-L1 expression. Given that evaluation of 

PD-L1 using the 22C3 PD-L1 IHC assay is now standard 
in the front-line setting, it is unclear how this result can be 
used to assist in decision making for the second-line setting. 

The Blueprint PD-L1 IHC Assay Comparison project 
was an innovative and collaborative effort that set out to 
understand the similarities and differences between these 
four PD-L1 tests (28-8; 22C3; SP142; SP263) and how this 
could impact results. Three of the four tests (28-8, 22C3, 
and SP263) demonstrated consistency with regards to tumor 
cell staining whereas the fourth showed consistently fewer 
tumor cells stained (45). All of the assays demonstrated 
immune cell staining, but there was more variation 
compared to tumor cell staining. This study indicated that 
despite similar analytical performance of PD-L1 expression 
for three assays, interchanging assays is not recommended 
at this time given the risk of inaccurate PD-L1 results for a 
subset of patients. 

Currently, there is ongoing investigation on development 
of predictive biomarkers in blood or tumor to select patients 
for greater benefit from immune checkpoint therapy. 
Studies have demonstrated that mutational burden or 
gene signatures may be the optimal strategy to help guide 
treatment decisions (8,46,47). 

Our group evaluated peripheral blood of patients 
with advanced NSCLC receiving immune check point 
inhibitors at selected time points to determine changes 
in the peripheral blood T cells and its association with 
outcomes (42). In responding patients, early PD-L1 
positive CD8 T-cell responses were seen following immune 
check point inhibitor therapy. These proliferating CD8 
T cells had an effector-like phenotype which have the 
potential to generate cytotoxicity. It is of note that this 
was a transient detection and this is likely followed by an 
increase of tumor-specific effectors at the site of tumor. 
We concluded that assessing peripheral blood T cells may 
be important to identify treatment response and additional 
studies are needed to confirm these findings. 

Immune related adverse side effects (IRAEs)

IRAEs are the most frequent adverse side effects seen with 
PD-1/PD-L1 inhibitors. In most cases, these adverse side 
effects are manageable. Patients usually experience these 
IRAEs within the first 3 months of starting treatment. 
However, these can occur at any time during treatment and 
can be seen as a late toxicity, even after discontinuation of 
therapy (48). 

When IRAEs develop, early recognition is critical, 
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with subsequent prompt evaluation and initiation of 
treatment. Treatment of moderate or severe IRAEs requires 
holding or discontinuation of the therapy and the use of 
corticosteroids, and additional immunosuppression, if 
unresponsive to corticosteroids. 

A formal systematic review and pooled analysis was 
conducted with comprehensive meta-analysis software to 
evaluate the differences in toxicity of anti-PD-1 versus 
anti-PD-L1 agents in NSCLC patients (49). There were 
12 studies utilizing PD-1 inhibitors and 11 studies with 
PD-L1 inhibitors between 2013 and 2016. A total of 
5,899 patients were evaluated for toxicity, including 3,284 
patients treated with PD-1 and 2,615 treated with PD-L1  
inhibitors. The rate of overall AEs is similar between 
PD-1 and PD-L1 inhibitors (72% and 65%, respectively); 
grade 3 or worse AEs (22% and 21%); or the rates of 
fatigue, diarrhea, and rash individually. Fatigue was 
the most common AE, occurring in about one-fifth of 
patients. Hypothyroidism was the most frequent IRAE 

reported. There is a slightly higher incidence of IRAEs and 
pneumonitis with PD-1 inhibitors compared to PD-L1 
inhibitors (see Tables 3 and 4).

Future directions

Immune check point inhibitors are being explored in 
combination strategies with the goal of identifying novel 
therapies that might increase the ORR and/or overcome 
resistance in patients who progress following initial therapy. 
The strategy with regards to optimal combinations and/or 
sequencing is yet to be defined. Numerous combinations 
are under investigation, including the combination of the 
currently approved agents with other agents that target the 
checkpoint pathway, some that are negative checkpoints 
(such as CTLA-4, LAG-3, TIM-3) or co-stimulatory agents 
(such as OX40, GITR), immunomodulatory molecules [such 
as indoleamide 2,3-dioxygenase (IDO)], targeted therapy or 
cytotoxic chemotherapy, vaccines, and radiation. 

Immune check point inhibitors are also being studied 
in ongoing clinical trials evaluating the role of immune check 
point inhibition in earlier stage NSCLC in the pre- (50) 
or post-operative setting, consolidation therapy after 
chemoradiation in stage III NSCLC (51), and in relapsed 
small cell lung cancer (52).

Conclusions

The use of immunotherapy with nivolumab, pembrolizumab, 
or atezolizumab in the salvage setting comprises standard 
treatment options in the US. These immune check point 
inhibitors have led to enthusiasm given the improved 
outcomes and tolerability compared to docetaxel for 
patients with advanced NSCLC. 

However, despite many reasons for optimism about the 
potential for research to accelerate the development of 
highly effective treatments, important challenges remain in 
defining the subgroup of patients with advanced NSCLC 
who benefit the most.
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Table 4 Immune check point inhibitors immune-related adverse 
events (49)

Immune-related adverse 
events (IRAEs)

PD-1 
inhibitors 
(n=3,284)

PD-L1 
inhibitors 
(n=2,615)

P value

IRAEs (%) 16 11 0.04

Grade 3–5 IRAEs (%) 3.1 6 0.6

Hypothyroidism, any grade (%) 6.7 4.2 0.07

Pneumonitis, any grade (%) 4 2 0.01

Colitis, any grade (%) 1.7 1 0.4

PD-1, programmed death-1; PD-L1, programmed death-
ligand 1.

Table 3 Immune check point inhibitors adverse events (49) 

Adverse events (AEs)
PD-1  

inhibitors 
(n=3,284)

PD-L1 
inhibitors 
(n=2,615) 

P value

Overall AEs (%) 72 65 0.3

Grade 3–5 AEs (%) 22 21 0.5

Fatigue, any grade (%) 19 21 0.4

Diarrhea, any grade (%) 9 12 0.4

Rash, any grade (%) 9 7 0.8

PD-1, programmed death-1; PD-L1, programmed death-
ligand 1.
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