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Abstract: Lung cancer is the major cause for cancer-related death in the US. Although advances 

in chemotherapy and targeted therapy have improved the outcome of metastatic non-small-cell 

lung cancer, its prognosis remains dismal. A deeper understanding of the complex interaction 

between the immune system and tumor microenvironment has identified immune checkpoint 

inhibitors as new avenue of immunotherapy. Rather than acting directly on the tumor, these 

therapies work by removing the inhibition exerted by tumor cell or other immune cells on the 

immune system, promoting antitumoral immune response. To date, two programmed death-1 

inhibitors, namely nivolumab and pembrolizumab, have received the US Food and Drug 

Administration approval for the treatment of advanced non-small-cell lung cancer that failed 

platinum-based chemotherapy. This manuscript provides a brief overview of the pathophysiology 

of cancer immune evasion, summarizes pertinent data on completed and ongoing clinical trials 

involving checkpoint inhibitors, discusses the different strategies to optimize their function, and 

outlines various challenges that are faced in this promising yet evolving field. 
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pembrolizumab, programmed death-1, programmed death ligand-1

Introduction
Lung cancer continues to be the leading cause of cancer-related death in the US with 

221,000 estimated new cases in 2015.1 Advancement in chemotherapy drugs over 

the years only brought modest survival gains. This in many ways has led researchers 

to look for other forms of treatment, finally developing the field of modern immuno-

oncology. For decades, immunotherapy has been used against cancer that is considered 

traditionally immunogenic such as melanoma and renal cancer. Although prolonged 

response to high-dose interleukin-2 was observed in small proportion of these patients, 

its benefit came at the expense of severe toxicity. Nevertheless, non-small-cell lung 

cancer (NSCLC) was considered nonimmunogenic based on the failure of interferon, 

interleukin, and Bacillus Calmette-Guerin treatment to provide any clinical benefit.2,3 

However, better understanding of the interaction between the immune system and 

tumor microenvironment (TME) has enabled the development of novel and highly 

promising immune modulators.4 William Coley is credited to be the pioneer whose 

ideas led to the concept of immunotherapy. In 1891, he found a case of sarcoma that 

regressed following erysipelas infection. He later developed his famous vaccine, 

a mixture of killed bacteria, aimed to activate the immune system against cancer.5 

After many years, our understanding of immune system became clearer and various 

cytokines were discovered leading to the development of modern immunotherapy. 

The checkpoint inhibitors are the leading factors for this war against lung cancer, 
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which in many ways is the new revolution in lung cancer 

treatment. Leach et al described the inhibitory function of 

the checkpoint molecule cytotoxic T-lymphocyte antigen-4 

(CTLA-4) promoting T-cell anergy. He showed how block-

ing CTLA-4 with antibodies could unleash an antitumoral 

immune response.6 This was the turning point that shifted 

the paradigm from attempting to activate the immune system 

for instance by vaccinating, to releasing the checkpoints that 

keep it in negative regulatory mode.

This review summarizes our current knowledge of check-

point inhibitors, reviews the pertinent results from early and 

late phase studies of different checkpoint inhibitors when 

used in metastatic NSCLC, discusses potential strategies to 

optimize their efficacy, and expands their indication in lung 

cancer. Finally, it discusses few challenges that are faced 

during the usage of this new class of immunotherapy. 

Cancer resistance against the 
immune system: role for checkpoint 
inhibitors 
Cancer utilizes various tricks to evade immune responses. 

This immune tolerance is maintained by multiple mecha-

nisms, including regulatory immune cells, immunosuppres-

sive chemokines, and immune checkpoints that suppress 

immune functions. 

Different chemokines produced by tumor tissue such as 

CXCL12 have been demonstrated to recruit immunosup-

pressive cells such as Treg and myeloid-derived suppressor 

cells.7 These cells release different mediators that impair 

the function of cytotoxic T-cells and dendritic cells, such as 

transforming growth factor-beta, interleukin-10, and vascular 

endothelial growth factor, generating an immuno-tolerant 

microenvironment.8,9 Another unique way in which cancer cells 

work is by downregulating the expression of surface major his-

tocompatibility complex (MHC) class I antigens, consequently 

escaping recognition by T-cells.10 Schreiber et al postulated that 

non-silent point mutations leading to antigenic neoepitopes 

are more frequently lost in cancers compared with silent point 

mutation unrecognized by T-cells.11 This phenomenon termed 

immunoediting explains why progressively growing cancers 

continue to do so since they are no longer immunogenic, allow-

ing them to evade the immune surveillance. Immunoediting 

can be mediated by tumor necrosis factor-alpha. For example, 

melanoma cells can secrete neural crest antigens instead of 

gp100 secondary to TNF induced dedifferentiation, rendering 

cancer cells less recognized by T-cells.12 

Upregulating certain surface ligands that mediate T-cell 

anergy such as programmed death ligand 1 (PD-L1) can bring 

an evasive response.13 Indeed, tumor recognition is initiated 

by antigen-presenting cells (APCs) such as dendritic cells 

that internalize, process, and then present the tumor antigen 

through MHC1 expressed on its surface.14,15 In turn, APCs 

migrate to the lymph node and present tumor antigen to T-cells 

through interaction with T-cell receptor,14 resulting in priming 

and activation of T-cell, a process enhanced by the crosstalk 

between B7.1 (CD80) or B7.2 (CD86) on APC surface and 

CD28 on the T-cells.16,17 Then, the activated T-cells leave the 

lymph node, engage with the tumor cells via MHC–antigen–

TCR interaction, and subsequently release cytotoxic enzymes 

and cytokines that lead to cancer cell death. T-cell-mediated 

tumor cell death is regulated by different stimulatory and 

inhibitory signals. The checkpoint molecules, CTLA-4, pro-

grammed death-1 (PD-1), and PD-L1, are among the inhibitory 

signals that serve as negative feedback signals that dampen the 

immune response and therefore protect against autoimmunity 

and inflammation.18 Cancer cells exploit this mechanism to 

evade the immune system.6,19,20 CTLA-4 molecules are present 

primarily at T-cell surface. They compete with CD28 present 

on T-cells for binding to B7.1 and B7.2 on the APC surface, 

inducing an inhibitory signal to T-cells and blocking the co-

stimulatory signal resulting from the binding of B7.1/B7.2 

and CD28.21,22 They also enhance the immunosuppressive 

activity of regulatory T-cells (Tregs). On the other hand, PD-1 

is a transmembrane receptor expressed primarily on T-cells, 

B cells, and NK cells.23 Unlike CTLA-4 that function predomi-

nantly during T-cell priming in the lymph nodes, PD-1 exerts 

its activity primarily in the TME and delivers an inhibitory 

signal after binding to its ligands PD-L1 and PD-L2 leading to 

T-cell inactivation (Figure 1).24 PD-L1 is expressed on the sur-

face of various tissues including a range of tumor type, T- and 

B cells, dendritic cells, and macrophages. On the contrary, 

the expression of PD-L2 is more restricted to macrophages, 

dendritic cells, and certain tumor cells.25 PD-L1 is generally 

not detectable in normal tissues. CD4+ T helper 1 (TH1) cells 

and CD8+ T-cells in the TME produce interferon-γ, which, on 

the one hand, activates tumor killing by macrophages, but, on 

the other hand, upregulates PD-L1 expression as an adaptive 

immune-resistance mechanism that turns off effector T-cell 

function.4,26 On the other hand, innate resistance implies the 

constitutive upregulation of PD-L1 expression through con-

stitutive oncogenic signaling that drives cancer growth such 

as MAPK, PI3K, EGFR, Wnt, and KIT, or chromosomal 

instability such as in Hodgkin lymphoma.4,27–29

Current status of checkpoint 
inhibitors
Several monoclonal antibodies directed against CTLA-4, 

PD-1, and PD-L1 have been developed (Table 1). To date, 
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two checkpoint inhibitors received the US Food and Drug 

Administration (FDA) approval for previously treated 

metastatic NSCLC: nivolumab and pembrolizumab. Niv-

olumab (formerly known as BMS-936558) is a genetically 

engineered, fully human IgG4 monoclonal antibody with 

high affinity and specificity for human PD-1. It is engineered 

to avoid the antibody-dependent cellular cytotoxicity that 

can lead to T-cell apoptosis and subsequently depletion of 

activated T-cells. By binding to the PD-1 receptor, it blocks 

its interaction with PD-L1 and PD-L2 present on the sur-

face of tumor cells and other immune cells notably APC, 

thereby preventing T-cell inhibition and restoring antitumor 

immune response.30,31 Pembrolizumab (formerly known as 

MK-3475) is an engineered humanized IgG4 antibody that 

also selectively targets PD-1 and has two parts: a variable 

region sequence of a very high-affinity mouse antihuman 

PD-1 antibody and a human IgG4 immunoglobulin to avoid 

antibody-dependent cellular cytotoxicity.32

Nivolumab – path to FDA approval
The first major trial involving nivolumab in NSCLC was the 

CheckMate-003,33 a phase I dose escalation study in patients 

with heavily pretreated advanced NSCLC. Response was 

noted in all dose levels (1, 3, and 10 mg/kg). Median OS was 

9.9 months across doses, and 14.9 months for the 3mg/Kg 

cohort. The 1-, 2-, and 3-year OS rates were 42%, 24% and 

18% respectively among all patients, and 56%, 42%, and 27% 

respectively at the 3 mg/Kg dose, which was superior to the 

other doses and was therefore chosen for further develop-

ment. Grade 3 and 4 toxicities occurred in 14% of patients. 

Figure 1 image displays the different immune checkpoints between T-cells, APCs, and cancer cells that can be exploited in cancer therapeutics. 
Notes: T-cells are activated following the recognition of specific peptides presented by MHC1 at the surface of APCs to their TCR. T-cell activation and proliferation are 
further enhanced by the costimulatory signal deriving from CD28-CD80/86 interaction and are dampened by CTLA-4-CD80/86 interaction. Anti-CTLA-4 antibody, by 
releasing the inhibition exerted by CTLA-4-CD80/86 interaction, activates T-cells. Cytotoxic CD8 cells recognize and kill tumor cells after antigenic recognition. immune 
checkpoint regulates the interaction among different cells of the immune system to ensure that the activation occurs at the appropriate time and minimizes the possibility 
of autoimmunity. Cancer cells take advantage of this mechanism to avoid the immune system. For instance, PD-L1 and PD-L2 on cancer cell surface bind to PD-1 on T-cell 
surface to deliver an inhibitory signal. PD-L1 can also interact with CD80 to exert an inhibitory signal on T-cells. Blockers of PD-L1 or PD-1 restore T-cell activity within 
the tumor microenvironment. Costimulatory checkpoints are depicted in red and inhibitory checkpoints are in blue. LAG-3 dampens T-cell differentiation and proliferation 
following interaction with MHC2, a mechanism that can be reversed with anti-LAG3 antibody. when 4-1BB binds to 4-1BBL or agonist antibodies, it stimulates T-cell activity. 
KiR expressed on NK cells suppresses their cytotoxic effect after binding to MHC1 found on normal as well as cancer tissues. Anti-KiR antibody can unleash NK cells against 
cancer cells. CD40 is another costimulatory receptor present on APCs and is required for their activation. it is activated by CD40L expressed on Th1 cells. Antibodies 
directed against CD40 are currently being tested in clinic.
Abbreviations: APC, antigen-presenting cell; KiR, killer immunoglobulin like receptor; LAG-3, lymphocyte activation gene-3; PD-1, programmed death-1; PD-L1, 
programmed death ligand 1; MHC1, major histocompatibility complex 1; NK, natural killer; TCR, T-cell receptor; 4-1BB, CD137; 4-1BBL, 4-1BB ligand.
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The next important trial was the CheckMate-063.34 In 

this trial, nivolumab demonstrated activity against previ-

ously treated patients with advanced squamous NSCLC. 

Median OS was 8.2 months, PFS rate at 1 year was 20%, 

and 1-year OS was 41%. These results are highly promising 

since 65% of patients had previously failed three or more 

lines of therapy.

Major breakthrough was achieved when CheckMate-017 

clearly demonstrated superior OS with nivolumab as compared 

to docetaxel in patients with previously treated advanced 

squamous NSCLC (9.2 vs 6.0 months, hazard ratio (HR) 

0.59, 95% confidence interval [CI] 0.44–0.79). At 1 year, 

42% of patients in Nivolumab arm were alive as compared 

to 24% in the Docetaxel arm. Objective response rate (ORR) 

was higher with nivolumab (20% vs 9%). PD-L1 expression 

seems not to impact survival benefit. Severe toxicity occurred 

less frequently with nivolumab (7% vs 55%).35 

In the CheckMate-057 trial, 582 patients with advanced 

nonsquamous NSCLC who progressed on platinum-based 

doublet chemotherapy were randomized to docetaxel or 

nivolumab.36 The 1-year PFS was higher with nivolumab 

(19% vs 8%). OS was more prolonged with nivolumab 

than with docetaxel (12.2 vs 9.4 months, P=0.002). At 

18 months, 39% of patients in the Nivolumab group were 

alive as compared to 23% in the Docetaxel group. ORR was 

also higher with nivolumab (19% vs 12%, P=0.02). Severe 

adverse events (AEs) were observed in 10% with nivolumab 

versus 54% with docetaxel. PD-L1 expression was corre-

lated with improved survival with nivolumab. However, in 

the subgroup of patients lacking PD-L1 expression, there 

was no survival benefit for nivolumab over docetaxel. Of 

note, PD-L1 staining was performed primarily on archived 

tissue sample.37 

Pembrolizumab – path to FDA 
approval
Pembrolizumab received accelerated FDA approval for 

the treatment of PD-L1-positive NSCLC that progressed 

after standard platinum-based chemotherapy. As part of the 

KEYNOTE 001 trial,38 495 patients with advanced NSCLC, 

81% of whom were previously treated, were assigned to 

various doses of pembrolizumab. Among all patients, the 

ORR was 19.4% and the median OS was 12 months. The 

degree of response and survival correlated with PD-L1 

Table 1 Selected completed clinical trials of PD-1/PD-L1 axis inhibitor for the treatment of NSCLC

Trial (NCT) Phase/setting Histology Treatment arm Outcome Comments

CheckMate-00333 Phase 1/pretreated 
advanced NSCLC

NSCLC Dose escalation of Nivo 
(1, 3, and 10 mg/kg)

OS across doses  
9.9 months
OS for 3 mg/kg 14.9 months

.50% of patients had at 
least three lines of therapy 

CheckMate-06334 Phase 2/pretreated Squamous 
NSCLC

Nivo 3 mg/kg OS 8.2 months
1-year OS 41%

65% of patients had failed at 
least three lines of therapy

CheckMate-01735 Phase 3/pretreated Squamous 
NSCLC

Nivo vs Doc OS for Nivo superior to 
Doc (9.2 vs 6.0 months)

PD-L1 expression did not 
influence Nivo benefit. Led 
to first PD-1 inhibitor FDA 
approval in lung cancer

CheckMate-05736 Phase 3/pretreated Nonsquamous 
NSCLC

Nivo vs Doc OS for Nivo superior to 
Doc (12.2 vs 9.4 months)

PD-L1 expression was 
associated with improved 
survival with Nivo over Doc 

KeYNOTe-00138 Phase 1/mostly 
pretreated

NSCLC escalating dose of 
pembrolizumab

Median OS 12 months PD-L1 expression 
correlated with outcome

iND12156440 Phase 2/untreated NSCLC Pembrolizumab CNS RR of 44% PD-L1-positive untreated 
brain metastases

KeYNOTe-01039 Phase 3/pretreated PD-L1 expressing 
NSCLC

Doc vs pembrolizumab 
2 or 10 mg/kg

OS for pembrolizumab 
longer as compared to Doc

PD-L1 .50% associated 
with better outcome

POPLAR41 Phase 2/previously 
treated

NSCLC Doc vs atezolizumab OS for atezolizumab 
superior to Doc (12.6 vs 
9.7 months, P=0.04)

Improved efficacy observed 
only in PD-L1-positive 
patients

NCT0169356242 Phase 1/2/
previously treated

NSCLC Durvalumab ORR 14% ORR higher in  
PD-L1-positive and 
squamous histology

JAveLiN43 Phase 1b/
previously treated

NSCLC Avelumab ORR 13.6% Trend for greater activity 
in PD-L1-positive tumor

Abbreviations: Doc, docetaxel; Nivo, nivolumab; NSCLC, non-small-cell lung cancer; PD-1, programmed death-1; PD-L1, programmed death ligand 1; CNS, central nervous 
system; RR, response rate; ORR, objective response rate; OS, overall survival; FDA, US Food and Drug Administration. 
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expression. Among the patients with PD-L1 expression 

of .50%, accounting for 23.2% of screened patients, ORR 

was 45.2%, median PFS was 6.3 months, and median OS 

was not reached. In patients with PD-L1 expression between 

1% and 49% or ,1%, the ORR, PFS, and OS were shorter. 

Therapy was well tolerated with grade 3–4 toxicities reported 

in 9.5% of patients. 

Subsequently, the KEYNOTE-010 trial randomized 

1,034 previously treated NSCLC patients with PD-L1 

expression of at least 1% of tumor cells to docetaxel, 

pembrolizumab 2 or 10 mg/kg every 3 weeks.39 OS was 

significantly longer for pembrolizumab 2 mg/kg versus 

docetaxel (10.4 vs 8.5 months, HR 0.71, 95% CI 0.58–0.88; 

P=0.0008) and for pembrolizumab 10 mg/kg versus docetaxel 

(12.7 vs 8.5 months, HR 0.61, 95% CI 0.49–0.75; P,0.0001). 

Among patients with at least 50% PD-L1 expression, OS 

was significantly prolonged with pembrolizumab 2 mg/kg 

than with docetaxel (14.9 vs 8.2 months; HR 0.54, 95% CI 

0.38–0.77; P=0.0002) and with pembrolizumab 10 mg/kg 

than with docetaxel (17.3 vs 8.2 months; HR 0.50, 95% CI 

0.36–0.70; P,0.0001). Pembrolizumab was better toler-

ated, with fewer grade 3–5 toxicities (13% for the 2 mg/Kg 

dose, 16% for the 10 mg/kg dose). Another trial reported 

44% central nervous system response rate achieved with 

Pembrolizumab in patients with PD-L1 positive NSCLC and 

untreated brain metastasis.40 

PD-L1 inhibitors: promising data
No PD-L1 inhibitors have yet been approved for the treat-

ment of NSCLC. Atezolizumab (MPDL3280A), durvalumab 

(MEDI4736), and avelumab are among the most advanced 

in clinical development. A randomized phase 2 trial 

(POPLAR) conducted on patients with recurrent NSCLC 

revealed median OS of 12.6 months for atezolizumab 

versus 9.7 months for docetaxel arm (P=0.04).41 In the 

cohort of patients with any PD-L1 expression, whether in 

tumor cells or immune cells, a superior OS (HR 0.59, 95% 

CI 0.40–0.85; P=0.005) was noticed with atezolizumab. 

Patients with no PD-L1 expression did not seem to benefit 

from atezolizumab. 

In a phase 1/2 trial exploring the safety and efficacy 

of durvalumab, ORR was 14%, which seems to be higher 

in squamous (21%) and PD-L1-positive patients (23%). 

Grade 3 or 4 AEs occurred in 6% of cases.42 Results from the 

JAVELIN trial revealed an ORR of 13.6% and a median OS 

of 8.4 months in patients with NSCLC treated with avelumab 

in the second-line setting. A trend for greater efficacy was 

noticed in PD-L1 expressing tumors.43

Safety and toxicities of checkpoint 
inhibitors 
Checkpoint inhibitors are associated with unique spectrum of 

toxicities termed immune-related AEs (irAEs). This results 

from the activation and subsequent infiltration of immune 

cells into normal tissue.44 These immune-related adverse 

events can affect any organ system such as gastrointestinal 

tract, lung, liver, and pituitary gland. Whereas irAEs with the 

usage of ipilimumab in melanoma can occur in 60%–80% 

of patients, their occurrence with PD-1 inhibitors seems to 

be less frequent and severe. Overall, the toxicity of PD-1 

inhibitors is manageable and the occurrence of grade 3 or 4 

AEs ranges from 7% to 17%.35,36,38,41 Similarly, grade 3–4 

toxicities associated with single-agent PD-L1 inhibitors 

range from 6% to 12%.45 In CheckMate-003 trial, three 

treatment-related deaths occurred due to pneumonitis (2%). 

Treatment-related mortality was 0.2% for pembrolizumab in 

the KEYNOTE-001 trial (one death related to pneumonitis), 

whereas no nivolumab-related death was reported in 

CheckMate-017 and CheckMate-057 trials. 

In general, treatment is based upon the severity of 

irAE.46 Moderate or severe irAEs require interruption of the 

checkpoint inhibitor and the use of corticosteroid immuno-

suppression. Grade 2 irAEs (moderate) require withholding 

the checkpoint inhibitor until toxicity subsides to grade 1 

or less. Corticosteroids should be initiated if symptoms do 

not resolve within a week. For grade 3 or 4 irAEs (severe 

or life-threatening), checkpoint inhibitors should be perma-

nently discontinued. High doses of corticosteroids should be 

started and then gradually tapered when toxicity is grade 1 or 

less. If symptoms do not promptly improve despite intrave-

nous steroids, other potent immunosuppressive agents such as 

infliximab or mycophenolate mofetil should be considered. 

Role for CTLA-4 inhibitor
Earlier studies showed little to no clinical benefit for single 

agent CTLA-4 inhibitors in metastatic NSCLC. Compared 

to best supportive care in recurrent NSCLC, tremelimumab 

produced only 4.8% ORR and was associated with significant 

toxicity.47 Focus has shifted to examine their role in syner-

gism with other antineoplastic agents.

In a phase 2 trial, patients with untreated metastatic NSCLC 

were randomized to receive carboplatin and paclitaxel combined 

with placebo, concurrent, or phased ipilimumab initiated after 

two cycles of chemotherapy, which was continued after induc-

tion in case of no disease progression. Improvement in ORR 

and median OS was noticed in the phased ipilimumab group 

but not in the concurrent arm compared to control. Subgroup 
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analysis showed that OS advantage was restricted to squamous 

histology.48 Currently, multiple studies are examining the role of 

chemo-immunotherapy in patients with squamous NSCLC.

Optimizing checkpoint inhibitor 
efficacy
Several preclinical data have shown that chemotherapy and 

radiation modulate the immune response against tumor by 

inducing dendritic cell and T-cell activation and MHC1 

expression and by lessening the immunosuppressive effect 

of Treg.49–52 Additionally, dual immune checkpoint blockade 

(ie, anti-PD-1/PD-L1 combined with anti-CTLA-4) allows an 

increased T-cell responsiveness against tumor. On the basis of 

this rationale, research has expanded to implicate checkpoint 

inhibitors in regimens that combined it with other antineoplas-

tic agents or radiation therapy (Tables 2–4). 

Combination with chemotherapy
Although combining anti-PD-1 with other agents may 

improve antitumor activity, the incidence of side effects is 

also increased. CheckMate-012, a phase 1 multicohort study, 

evaluated the safety and efficacy of nivolumab as monotherapy 

or in combination with various platinum-doublet regimens 

(cisplatin/gemcitabine, cisplatin/pemetrexed, and carbopla-

tin/paclitaxel) in metastatic untreated NSCLC. The outcome 

was encouraging with an ORR of 33%–50% and 1-year OS 

of 59%–87% across arms. Grade 3–4 treatment-related AEs 

were reported in 45% of patients.53

The results of phase IB trial combining atezolizumab with 

chemotherapy (carboplatin plus paclitaxel, pemetrexed, or 

nab-paclitaxel) in patients with untreated advanced NSCLC 

revealed an ORR between 60% and 75%, with no unexpected 

toxicities being reported.54 These combinations are currently 

being investigated in three different phase 3 trials. 

Combination with anti-CTLA-4
Anti-CTLA-4 and anti-PD-1/PD-L1 enhance T-cell anti-

tumor activity through distinct but complementary mecha-

nisms. Anti-PD-1 releases the inhibition that tumor cells exert 

on T-cells, and anti-CTLA-4 activates and expands T-cells 

in lymphoid tissue, bringing them into the tumors. Multiple 

preclinical data supported the synergism between these two 

classes of immunotherapy.55–57 The combination ipilimumab 

and nivolumab is associated with increased ORR and PFS 

compared with ipilimumab single agent in melanoma, at the 

expense of increased toxicity.58

Table 2 Selected completed clinical trials of immune checkpoint inhibitor combined with other antineoplastic agents for the treatment 
of NSCLC

Trial (NCT) Phase/setting Histology Treatment arm Outcome Comments

NCT0052773548 Phase 2/untreated 
NSCLC

NSCLC Carboplatin, paclitaxel 
combined with 
placebo, concurrent, 
or phased ipilimumab 

OS benefit was 
observed in phased 
ipilimumab group

OS restricted to 
squamous histology 

CheckMate-01253,59,77,136 Multiarm phase 1/
untreated NSCLC 

NSCLC Nivolumab136 ORR 30%
Median PFS 29.6 weeks

ORR higher in PD-L1 
positive (67%)

Nivolumab plus various 
platinum doublet53

ORR 33%–50%
1-year OS 59%–87%

Grade ¾ Ae 45%

Nivolumab plus 
ipilimumab59

ORR 13%–39%
Treatment-related 
Aes leading to 
discontinuation: 
5%–13%

Responses seen 
regardless of PD-L1 
status, with increased 
benefit in PD-L1 positive 
patients.

Nivolumab plus 
erlotinib77

ORR 19% Most enrollees had 
failed erlotinib

NCT0163397054 Phase 1b/untreated 
NSCLC

NSCLC Atezolizumab in 
combination with 
carboplatin and 
paclitaxel, pemetrexed 
or nab-paclitaxel

ORR 67% in all groups 
combined
ORR 75% in arm 
carbo/pemetrexed 
with atezolizumab

Three phase iii studies 
of atezolizumab in 
combination with 
chemotherapy in NSCLC 
have been initiated

NCT02039674/KeYNOTe-02161 Phase 1/previously 
treated

NSCLC Pembrolizumab 
combined with 
ipilimumab 

ORR 55%
DCR 100%

No DLT observed

NCT0200094762 Phase 1/immunotherapy 
naïve

NSCLC Durvalumab combined 
with tremelimumab

ORR 23%
Serious Aes 36%

Clinical activity 
independent of PD-L1 
status

Abbreviations: Ae, adverse event; NSCLC, non–small cell lung cancer; PD-L1, programmed death ligand 1; carbo, carboplatin; ORR, objective response rate; OS, overall 
survival; DCR, disease control rate; DLT, dose limiting toxicity.
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In the CheckMate-012 phase 1 trial, nivolumab plus 

ipilimumab combination led to ORR of 13%–39% across 

different dosage cohort in advanced NSCLC. Interestingly, 

clinical activity was observed regardless of PD-L1 status. 

Treatment-emergent grade 3/4 AEs leading to treatment 

discontinuation was reported in 5 to 13% of cases.59 The 

promising response rate rivaling platinum doublet chemo in 

the frontline therapy has led to the opening of the CheckMate-

227 trial60 evaluating nivolumab monotherapy and nivolumab 

plus ipilimumab combination regimens versus platinum-

doublet chemotherapy in patients with chemotherapy-naïve 

stage IV or recurrent NSCLC.

Table 3 Selected ongoing clinical trials of PD-1 or CTLA-4 inhibitors for the treatment of NSCLC

Trial (NCT) Phase/setting Histology Treatment arm

NCT02477826/CheckMate-22760 iii/untreated NSCLC Nivo vs Nivo/ipi vs Nivo/platinum-doublet chemo vs chemo only
NCT02696993137 i/ii/brain metastasis NSCLC Nivo/SRS vs Nivo/ipi/SRS vs Nivo/wBRT vs Nivo/ipi/wBRT
NCT0222173970 ii/previously treated NSCLC ipi concurrently with XRT (iMRT or 3D conformal) to metastatic site
NCT0223990069 i/ii/previously treated 

or untreated 
NSCLC ipi concurrently or sequentially with SBRT to metastatic site

NCT02574078/CheckMate-37085 ii/untreated NSCLC Nonsquamous eGFR/ALK wt did not progress on induction chemo: 
Nivo vs SOC maintenance (Bev or Pem) vs Nivo plus SOC
Squamous NSCLC did not progress on induction chemo: 
Nivo maintenance vs BSC
eGFR/ALK wt borderline PS: Nivo vs SOC induction chemo
eGFR mutant: erlotinib with/without Nivo
ALK positive: Crizotinib with/without Nivo

NCT02393625138 i/previously treated or 
untreated

ALK-positive 
NSCLC

Nivo plus Ceritinib

NCT0192857682 ii/previously treated NSCLC Azacytidine plus entinostat followed by Nivo vs Nivo
NCT02041533/CheckMate-02683 iii/untreated PD-L1-positive 

NSCLC
Nivo vs platinum-doublet chemotherapy

NCT02220894/KeYNOTe-4284 iii/untreated PD-L1-positive 
NSCLC

Pem vs platinum-doublet chemotherapy

NCT02066636/CheckMate-153134 iii/iv/previously treated NSCLC Nivo until disease progression or unacceptable toxicity vs Nivo for 
1 year with retreatment allowed

Abbreviations: ipi, ipilimubab; Nivo, nivolumab; NSCLC, non–small cell lung cancer; PD-1, programmed death-1; PD-L1, programmed death ligand 1; Pem, pembrolizumab; chemo, 
chemotherapy; SRS, stereotatic radiosurgery; wBRT, whole brain radiation therapy; XRT, radiation therapy; iMRT, intensity-modulated radiation therapy; SBRT, stereotactic body 
radiation therapy; BSC, best supportive care; Bev, bevacizumab; eGFR, epidermal growth factor receptor; ALK, anaplastic lymphoma kinase; SOC, standard of care.

Table 4 Selected ongoing clinical trials of PD-L1 inhibitors for the treatment of NSCLC

Trial (NCT) Phase/setting Histology Treatment arm

NCT02409355/iMpower111139 iii/untreated Squamous Atezolizumab (MPDL3280a) vs platinum-doublet 
chemo

NCT02409342/iMpower110140 iii/untreated Nonsquamous Atezolizumab vs platinum-doublet chemotherapy
NCT02367794/iMpower131141 iii/untreated Squamous Atezolizumab plus chemotherapy vs platinum-

doublet chemotherapy 
NCT02367781/iMpower130142 iii/untreated Nonsquamous Atezolizumab plus platinum-doublet chemotherapy 

vs chemotherapy only
NCT02453282/MYSTiC143 iii/untreated NSCLC Durvalumab plus tremelimumab (CTLA-4 inhibitor) 

vs durvalumab vs platinum-doublet chemotherapy
NCT02008227/OAK144 iii/previously treated NSCLC Atezolizumab vs docetaxel 
NCT02395172/JAveLiN Lung 200145 iii/previously treated NSCLC Avelumab vs docetaxel 
NCT02088112146 i/eGFR TKi naïve eGFR mutant NSCLC Durvalumab (MEDI4736) plus gefitinib
NCT02454933/CAURAL147 iii/previously treated eGFR-T790M mutant 

NSCLC
AZD9291 plus durvalumab vs AZD9291

NCT02352948/ARCTiC148 iii/previously treated NSCLC PD-L1 positive: SoC treatment vs durvalumab
PD-L1 negative: durvalumab/tremelimumab vs 
SoC vs durvalumab vs tremelimumab 

NCT0227337587 iii/adjuvant NSCLC (resected 
stage iB–iiiA)

Durvalumab vs placebo 

NCT02125461/PACiFiC91 iii/consolidation of stage 3 
unresectable disease, no 
progression following CXRT

NSCLC Durvalumab vs placebo 

Abbreviations: NSCLC, non–small cell lung cancer; PD-1, programmed death-1; PD-L1, programmed death ligand 1; SoC, standard of care; eGFR, epidermal growth factor 
receptor; CXRT, chemo-radiation.
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Preliminary results from KEYNOTE-021, a phase 1 

trial investigating the combination of pembrolizumab with 

ipilimumab as second-line therapy in patients with advanced 

NSCLC reported an ORR of 55% and disease control rate 

was seen in all patients (100%).61 Similarly, durvalumab 

(anti-PD-L1) combined with tremelimumab (anti-CTLA-4) 

has exhibited clinical activity in patients with advanced 

NSCLC irrespective of PD-L1 status. Serious AEs occurred 

in 36% of patients.62 

Combination with radiation therapy
Radiation has been reported to induce tumor regression 

at distance from the irradiated site, a phenomenon called 

“abscopal effect,”63 believed to be partly T-cell mediated.64 

The synergism of immunomodulators and radiation is sup-

ported by animal and clinical data.65–67 Systemic regression 

of metastatic lesions has been reported in a patient with 

metastatic melanoma who progressed on ipilimumab and 

following localized radiation.66 Rise in tumor-directed anti-

body levels and CD4+ ICOShigh T-cells (activated T-cells) 

were concordant with the time of the abscopal effect. These 

surprising findings support the idea that a localized treatment 

with radiation may broadly stimulate the immune system to 

fight cancer through induction of tumor antigen presentation 

and T-cell activation.66 

Golden et al65 reported another case of refractory NSCLC 

that experienced an out-of-field effect following treatment 

with radiation concurrently with ipilimumab, associated with 

increased tumor infiltrating lymphocytes (TILs). The patient 

was disease-free 1 year after the treatment. 

These observations have led researchers to investigate the 

efficacy of radiation therapy in combination with checkpoint 

inhibitors.68 For instance, two phase II trials are currently 

exploring the safety and efficacy of ipilimumab adminis-

tered concurrently or sequentially to radiation (stereotactic 

body radiation therapy and intensity-modulated radiation 

therapy or 3D conformal) in patients with metastatic solid 

malignancies.69,70 Similarly, an ongoing phase I/II trial is 

studying the safety and efficacy of pembrolizumab in com-

bination with hypofractionated stereotactic radiation therapy 

in patients with advanced NSCLC.71 These results highlight 

the importance of designing trials that can answer how to best 

use radiation in combination with immunotherapy. 

Combination with targeted agents
Targeted therapy against driver mutation is associated with 

very high response rate. Unfortunately, treatment resis-

tance eventually develops within few months. The possible 

combination of targeted therapy with immunotherapy could 

presumably allow for a long-lasting response. Targeted 

therapy can induce rapid tumor regression accompanied by 

the release of large amounts of antigenic debris. As a result, 

larger tumor antigen presentation to T-cell by APC can fur-

ther enhance the immune response and presumably render 

tumor more sensitive to PD-1/PD-L1 inhibitor.72,73 In parallel, 

EGFR and ALK alterations are associated with increased 

PD-L1 expression.74,75 Akbay et al showed a strong correla-

tion between EGFR activation, PD-L1 upregulation, and 

T-cell exhaustion in lung cancer cell lines. This process can 

be reversed with EGFR blockade.27 In a cohort of 125 NSCLC 

patients, PD-1 positivity was strongly associated with KRAS 

mutation whether PD-L1 expression was strongly associated 

with the presence of EGFR mutation.76 

In chemonaïve EGFR mutant NSCLC patients enrolled in 

the CheckMate-012 trial, erlotinib and nivolumab combina-

tion yielded an ORR of 19%. Among those with acquired 

resistance to erlotinib, 15% had partial response and 45% had 

stable disease.77 The efficacy and safety of nivolumab when 

used in combination with third-generation EGFR inhibitor 

in T790M mutation remains to be examined. Multiple 

ongoing clinical trials are investigating the combination of 

checkpoint inhibitors and targeted therapy as highlighted in 

Tables 3 and 4. 

Combination with epigenetic modulators
Epigenetic reprogramming has been shown to alter T-helper 1 

type chemokines, whereas treatment with epigenetic modulator 

induces effector T-cell tumor infiltration and improves efficacy 

of PD-L1 inhibitors.78 Azacytidine upregulates multiple genes 

involved in immune system evasion, including PD-L1, in lung 

cancer cell lines.79 Other studies have suggested DNA methyl-

transferases inhibitors as enhancers of cancer cell susceptibility 

to immune checkpoint inhibitors.80 For instance, azacytidine 

combined with entinostat achieved a median OS of 6.4 months 

and disease control rate of 41% in heavily pre-treated advanced 

NSCLC.81 Strikingly, notable clinical response to subsequent 

anticancer treatments including checkpoint inhibitors was 

noticed, raising the question whether priming with epige-

netic treatment may sensitize tumor to PD1/PD-L1 blockade. 

A study of priming with azacytidine with or without entinostat 

prior to treatment with nivolumab is ongoing.82 

New role for checkpoint inhibitors 
First-line and maintenance setting
A large number of clinical trials are currently investigating 

the role of PD-1 inhibitors in frontline as monotherapy or 
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combined with standard chemotherapy. CheckMate-026 

trial is comparing nivolumab with investigator choice of 

platinum-doublet chemotherapy in untreated metastatic or 

recurrent PD-L1-positive NSCLC.83 KEYNOTE-042 and 

24 are comparing pembrolizumab with chemotherapy in 

PD-L1-positive untreated advanced NSCLC.84 Similarly, 

various immune checkpoint inhibitors are in late-stage 

of development (ie, durvalumab and avelumab), and they 

are being explored in first-line setting as single agent or 

combined with chemotherapy (Tables 3 and 4). A ground-

breaking trial, CheckMate-370, is a phase I/II master 

protocol, containing five substudies and enrolling patients 

with advanced NSCLC.85 Nivolumab will be compared to 

standard of care approach and incorporated in the frontline 

or maintenance setting according to enrollees’ perfor-

mance status, mutational status, and response to induction 

chemotherapy. 

Adjuvant setting
Ipilimumab reduces the risk of recurrence in patients with 

stage III melanoma following complete resection.86 The goal 

of administering immune agent after complete tumor resec-

tion is to target any minimal residual disease and therefore 

reduce the risk of recurrence. As such, an ongoing trial is 

currently exploring the role of adjuvant durvalumab in com-

pletely resected NSCLC.87 

Locally advanced unresectable setting
Prognosis of patients with stage III unresectable NSCLC is 

poor despite advance in radiation technique and incorpora-

tion of concurrent chemotherapy.88 The role of consolidation 

chemotherapy is debatable, and two randomized studies 

have failed to show a survival benefit.89,90 An ongoing study 

is currently assessing the effects of consolidation treatment 

with durvalumab in stage III unresectable NSCLC patients 

that have not progressed following concurrent definitive 

chemoradiation.91

Other potential targetable immune 
checkpoints 
Deeper understanding of the immune system dysfunction 

in lung cancer has led to the discovery of several additional 

targetable immune checkpoints and costimulatory recep-

tors (Figure 1). Lymphocyte activation gene-3 (LAG-3), 

killer immunoglobulin like receptor (KIR), and T-cell 

immunoglobulin and mucin domain-3 (TIM-3) are among 

many other immune checkpoints to which inhibitor cur-

rently exists and being tested in preclinical or early phase 

clinical trials. LAG-3 is expressed by lymphocytes and NK 

cells. By binding to MHCII, LAG-3 enhances Treg activity 

and dampens T-cell differentiation and proliferation.92,93 

Dual LAG3 and PD-1 inhibition showed decreased tumor 

growth and increased antitumor immunity in mice model.94 

An ongoing phase I trial is investigating anti-LAG-3 alone 

or in combination with anti-PD-1.95

KIR proteins are expressed by NK cells. By binding to 

HLA molecules present on normal cells and to a lesser extent 

on tumor cells, they suppress NK cytotoxic activity.96 Anti-

KIR antibodies, by unleashing NK cells against cancer cells, 

have shown preclinical activity in different malignancies.97,98 

Lirilumab is an anti-KIR antibody currently being tested in 

different malignancies including NSCLC.99,100 

TIM-3 is expressed by different immune cells, including 

T-helper-1 (Th1). When TIM-3 binds to its ligand galectin-9, 

often found on tumors, it results in Th1 apoptosis.101 In mouse 

model, TIM-3 inhibition combined with anti-CTLA-4 or anti-

PD-1 led to tumor shrinkage.102 Increased TIM-3-positive 

T-cells were described as a mechanism of resistance to PD-1 

blockade in mice model. Interestingly, these mice benefit 

from PD-1 and TIM-3 blockade.103 

Numerous costimulatory receptors present on different 

immune cells promote immune cells attack against tumors 

and are potential therapeutic targets. 4-1BB, also known as 

CD137, is expressed in many immune cells including T-cells, 

dendritic cells, and NK cells. When binding to its ligand, 

4-1BBL, or agonist antibodies, it stimulates an immune 

response, particularly anticancer cytotoxic T-cell response.104 

Agonist 4-1BB antibodies have shown efficacy in preclinical 

and early clinical data.105,106 The development of urelumab, a 

4-1BB-agonist antibody, was initially suspended due to fatal 

hepatotoxicity. It is currently being studied at lower doses 

both as monotherapy and in combination with other agents 

in solid tumor and hematologic malignancies. Another 

4-1BB agonist antibody, utomilumab (PF-05082566), is 

currently under clinical development.107 Other agonistic 

molecules undergoing investigation include GITR, CD40, 

and OX40 agonists.107 

B7H4 is another less known immune checkpoint 

expressed on infiltrating myeloid cells and vessels and 

widely expressed by solid neoplasms. Its overexpression 

correlates with advanced disease stage and poor prognosis 

in cancer patients. It is believed to inhibit the activation 

and proliferation of T effectors and to induce T-cell arrest. 

In vivo studies revealed that B7H4 blockade can reverse the 

inhibition of tumor-specific T-cells and inhibit tumor growth 

in lung cancer.108,109
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Potential role of targeting 
the stroma 
There are different therapeutic strategies aiming to reshape 

the activity of the tumor stroma (myeloid cells, endothe-

lium, Tregs, etc) in order to enhance the efficacy of T-cell 

immunotherapy. For instance, myeloid derived suppressor 

cells create an environment that helps the suppression of 

effector T-cell activity.110 Different approaches aiming to 

deplete, inhibit, or redirect myeloid derived suppressor cells 

in cancer to enhance the efficacy of T-cell immunotherapy 

are underway. 

The lack of appropriate innate immune activation 

required to promote T-cell infiltration can partly explain 

resistance to PD-1 inhibitors. In many instances, effector 

T-cells fail to infiltrate the tumor because they are physi-

cally impeded by dense stroma or the tumor vasculature. 

Endothelial cells can inhibit T-cell activity and block them 

from gaining entry into the tumor through the downregula-

tion of adhesion molecules necessary for T-cell extravasation 

such as VCAM-1 and ICAM-1.111 Indeed, tumor-derived 

growth factors such as vascular endothelial growth factor and 

endothelin block the expression of adhesion molecules and 

inhibit T-cell infiltration into the tumor.111,112 On the other 

hand, endothelium can inhibit T-cell activation by upregulat-

ing inhibitory molecules, such as PD-L1 and indoleamine 

2,3-dioxygenase.113,114 This provides a strong rationale to 

combine checkpoint inhibitors with inhibitors of vascular 

endothelial growth factor, indoleamine 2,3-dioxygenase, and 

immunosuppressant chemokines. 

Potential role of targeting Tregs
Tregs play a crucial role in preventing the activation of 

CD8+ T-cells that have escaped other mechanisms of toler-

ance. Transforming growth factor-beta1 and interleukin-2 are 

the two key cytokines involved in the differentiation of naïve 

T-cells into Tregs. A higher level of both transforming growth 

factor-beta1 and interleukin-2 in lung cancer patients sug-

gests that these proinflammatory cytokines might promote the 

generation and differentiation of Tregs.115–117 Accumulated 

evidence has demonstrated that Tregs correlate with progno-

sis in lung cancer and represent a key pathogenic player in 

lung cancer pathogenesis. Tumor Treg cells are reportedly 

associated with higher risk of recurrence in resected stage 1 

NSCLC.118 A high Treg/CD8+ T-cell ratio is a risk factor for 

poor response to platinum-based chemotherapy in advanced 

NSCLC.119 In parallel, the drop of Treg levels during neoadju-

vant chemoimmunotherapy in NSCLC patients significantly 

correlates with clinical response.120 

In vitro findings demonstrated that Treg depletion by the 

administration of an anti-hCCR4 mAb abolished the inhibi-

tory effect of Tregs on CD4/CD8 T-cell proliferation.121 

Challenges of checkpoint inhibitors
Biomarker of response
Biomarkers are needed to guide selecting patients who are 

most likely to benefit from immunotherapy and to provide 

early on-treatment indicators of response. Tumor mutational 

load, intratumoral CD8+ T-cell infiltrates, and tumor PD-L1 

expression have been proposed as biomarkers of response 

to anti-PD-1/PD-L1.26 

The relevance value of PD-L1 expression is mixed. For 

instance, in CheckMate-017, PD-L1 expression did not corre-

late with the outcomes in patients with squamous lung cancer 

who received nivolumab.35 On the other hand, other trials 

such as KEYNOTE-010 and POPLAR revealed clear associa-

tion between PD-L1 expression and response.39,41 Similarly, 

in CheckMate-057, the survival advantage of nivolumab 

over docetaxel in nonsquamous NSCLC was observed with 

positive PD-L1 expression, whereas the advantage was not 

observed in patients with ,1% PD-L1 expression.36 

The sole use of PD-L1 expression as biomarker for 

immunotherapy carries multiple caveats. Indeed, numerous 

factors may affect the interpretation of PD-L1 expression 

including the affinity and specificity of the used immunos-

taining antibody, specimen fixation and tissue handling, type 

of cells looked at to detect PD-L1 positivity (cancer cells or 

tumor stroma cells), the usage of archival or fresh tissue, 

tumor heterogeneity, and variability of PD-L1 expression 

over time.122,123 

Heterogeneity of tumor may pose many questions about 

how representative an actionable target detected on tissue 

biopsy is.124 Indeed, focal PD-L1 expression could be easily 

missed in a small tumor specimen resulting in false negative. 

Hypothetically, circulating PD-L1 may represent a better sur-

rogate of the PD-L1 status of the whole tumor burden. Zhang 

et al found that an elevated circulating PD-L1 level is cor-

related with worse prognosis in NSCLC.125 Their usefulness 

in clinic requires further validation. On the other hand, PD-L1 

expression in tumor biopsies collected months earlier might 

not reflect PD-L1 status at the time of treatment initiation. 

Smoking history was suggested as a clinical marker of 

response to PD-1 inhibitors. A retrospective analysis has 

shown an ORR of 27% with nivolumab in current/former 

smoker patients versus 0% for minimal/nonsmoker NSCLC 

patients.126 This could be explained by a higher mutational 

landscape in smokers conferring increased immunogenicity. 
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Indeed, a higher nonsynonymous mutation load after exome 

sequencing correlates with higher ORR and durable clini-

cal benefit with pembrolizumab.127 Cancer genomics would 

inform immunotherapy decision not only by identifying 

patients with increased immunogenic neoepitopes that are 

likely to respond to checkpoint inhibitors but also by assist-

ing in creating potent vaccines that potentiate their clinical 

activity. Implementing novel combination biomarker panels 

that integrate multiplex immunohistochemistry, genomics, 

and proteomics may provide stronger predictive value than 

individual markers for therapeutic outcomes. 

Measurement of response
Unlike traditional cancer treatment, checkpoint inhibitors can 

be associated with unusual patterns of response, of which the 

evaluation is more challenging. Since mounting an effica-

cious anticancer immune response may take a few weeks, 

such delay can lead to tumor progression initially before 

occurrence of tumor regression.128 Although more often 

described in ipilimumab-treated melanoma patients, delayed 

response to PD1/PD-L1 in lung cancer is possible.129,130 

Therefore, the use of RECIST criteria for tumor response 

assessment in this setting has many limitations including its 

inability to distinguish pseudo-progression from progression, 

as well as patients with mixed response or new lesions in 

whom the overall tumor burden is reduced. Hence, immune-

related response criterion has been established to account for 

these limitations.131 Pseudo-progression occurs subsequent to 

tumoral lymphocyte infiltration or delayed immune activity. 

To date, there are no definitive radiologic criteria to differ-

entiate between true progression and pseudo-progression. 

Developing novel molecular imaging technology to visualize 

the change in the intratumoral immune response activity that 

may precede anatomic imaging change is valuable in that 

matter. Multiple nuclear probes serving to label and identify 

TILs are currently being tested in clinical trials.132 

Continuation of anti-PD-1 beyond progression is gener-

ally ineffective in NSCLC. Recent retrospective exploratory 

analysis suggests that only a few patients (8.3%) receiving 

treatment past progression obtain a subsequent partial 

response.133 Unlike targeted therapy and chemotherapy, 

response to checkpoint inhibitor can be durable, conferring a 

better outcome. Therefore, it was proposed that 1- or 2-year 

OS may be a better indicator of efficacy than median OS.37 

Other unanswered questions
The optimal duration of treatment and long-term toxicity are 

yet to be determined. CheckMate-153 is attempting to find 

the answer by comparing two therapeutic approaches: treat-

ment with nivolumab till progression or unacceptable toxicity 

versus 1-year treatment and rechallenge upon progression.134 

A promising yet investigational area is looking at combi-

nation immunotherapy tailored to the tumor microenviron-

ment (TME). Smyth et al135 suggested to stratify the TME 

into four types based on the presence of TILs and PD-L1 

expression. Type I TME characterized by the presence of 

PD-L1 and TILs, indicating an adaptive immune resistance, 

is a phenotype that may benefit the most from PD1/PD-L1 

blockade. Type II TME characterized by the absence of 

PD-L1 and lack of TILs, indicating immune ignorance, is 

correlated with poor response to checkpoint inhibitors and 

requires new approaches designed to bring T-cell into the 

tumor such as dual PD1/PD-L1 and CTLA-4 blockade, use 

of vaccine or agents that induce T-cell function such as OX40 

and CD137 agonists. Other strategies to attract T-cells into 

the tumor include chimeric antigen receptor T-cell, combina-

tion with chemotherapy or targeted therapy or radiation that 

promotes immunogenic cell death. Type III TME happens 

when PD-L1 is expressed constitutively on cancer cells 

through oncogenic signaling cancers, with the absence of 

TIL. Although, this group represents only 1% of melanoma 

cases, it is more frequent in other cancers such as NSCLC. 

Without TIL it is unlikely that blocking PD-L1 will lead to 

T-cell response. A similar approach to type II might be used 

to try to recruit lymphocytes into the tumor. 

Type IV TME tumors contain TILs and lack PD-L1, 

indicating the role of other suppressor pathways in promoting 

immune tolerance. This type may benefit from drugs that 

target checkpoint inhibitors other than PD1/PD-L1 axis such 

as CTLA-4, KIR, and LAG-3, or other immunosuppressive 

pathways such as indoleamine 2,3-dioxygenase, and innate 

immune system (macrophages and myeloid-derived suppres-

sor cells). This concept has to be validated in larger studies 

incorporating various immune biomarkers. 

Authors’ opinion
Patients should be encouraged to participate in clinical trials 

testing the role of checkpoint inhibitors in different settings: 

frontline metastatic, maintenance, adjuvant following resec-

tion, and locally advanced with or following chemoradiation. 

Numerous clinical trials are currently being tested or to be 

open that combine these therapeutic modalities with chemo-

therapy, radiation therapy, targeted agents, or immune agents 

(such as anti-CTLA-4, vaccine, CAR-T-cells, etc). 

Both pembrolizumab and nivolumab have an estab-

lished role for patients with metastatic NSCLC who failed 
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platinum-based chemotherapy. The decision of selecting 

which PD-1 blocker to use should be individualized and 

based upon the preferred treatment schedule and PD-L1 sta-

tus. For example, for patients with PD-L1 expression .50% 

who prefer an every 3 weeks regimen, treatment with pem-

brolizumab is suggested. On the other hand, for patients 

with unknown PD-L1 status, or PD-L1 expression ,1%, 

nivolumab remains a standard of care regimen. 

In selected cases, such as non-smoker patients with 

symptomatic lung adenocarcinoma of high burden lacking 

PD-L1 expression, achievement of quick disease response 

is paramount. Since these patients are less likely to respond 

to immunotherapy, second-line chemotherapy or targeted 

therapy may be preferred (docetaxel, plus or minus ramu-

cirumab, pemetrexed, gemcitabine, erlotinib). In such 

instances, combining immunotherapy and chemotherapy is 

worth examinng in the context of clinical trials. 

Patients with targetable mutations should be treated with 

their relevant targeting agents. Integrating immune check-

point inhibitors in their treatment arsenal is being investigated 

in clinical trials.

Conclusion 
The emergence of immunotherapy in NSCLC has changed 

the landscape of management of this deadly disease, offering 

a potential for durable response and survival. The efficacy 

and good safety profile of immune checkpoint inhibitors 

have made them a major breakthrough in cancer treatment. 

Efforts are underway to further define new indications for 

PD-1/PD-L1 inhibitors in frontline, whether used as single 

agent, or in combination with other antineoplastic agents, 

in adjuvant and maintenance settings. Whereas CTLA-4 

inhibitors have a limited role when used as monotherapy, 

integrating their use in combination with other agents will 

likely further expand their indication in the future. 

Several challenges lay ahead. Reliable biomarkers are 

needed to select the patients who most likely may derive 

therapeutic benefits. Better tools are needed to distinguish 

true progression from pseudo-progression, therefore avoiding 

discontinuation of treatment on patients who likely may have 

delayed response and allowing change of treatment earlier 

in patients with true progression. Recognizing the mecha-

nisms of immune resistance to therapeutic PD-1 blockade 

by interrogating the tumor immune microenvironment is 

likely to allow the personalized development of immuno-

therapies tailored to block particular evasion mechanism. 

This evolving field will promisingly give birth to precision 

immuno-oncology. 

Take home messages
•	 Immunologic checkpoint blockade with antibodies 

against PD-1 or PD-L1 is an effective method for revers-

ing cancer immunosuppression, thereby promoting 

immune responses against lung cancer. 

•	 Two anti-PD-1 antibodies, pembrolizumab and niv-

olumab, have been approved by the US FDA for the 

treatment of previously treated advanced NSCLC. 

•	 Numerous anti-PD-L1 antibodies are under clinical 

development. Preliminary results have shown supe-

riority of atezolizumab over docetaxel in pretreated 

advanced NSCLC.

•	 Ongoing investigations are testing newer combinations, 

new indications for PD-1/PD-L1 blockers, reliable bio-

markers of response, and imaging techniques evaluating 

their anticancer activity. 

•	 Other targetable immune checkpoint and costimulatory 

receptors are yet to be discovered. 
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