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Immunotherapy has proven to be a major breakthrough 
in the treatment of a variety of cancers, having been called 
the major oncologic achievement in 2015 by the American 
Society of Clinic Oncology. Two immune checkpoint 
inhibitors, antibodies to the programmed cell death protein-1 
receptor (PD-1), received FDA approval in 2015 for the 
treatment of advanced non-small cell lung cancer, and others 
similar agents are actively being studied. Advancements in 
the treatment of lung cancer have been desperately needed 
as treatment strategies utilizing platinum-based doublet 
therapy result in modest improvements in overall survival 
with a median of 8–10 months and 2-year survival rates of 
10–15% in patients with metastatic disease (1). The benefit 
of immune checkpoint inhibitors as monotherapy after 
progression on platinum-based chemotherapy is significant 
in that durable responses can be achieved. Despite this, a 
number of important questions remain about the optimal 
utilization of immune checkpoint inhibitors in lung cancer. 
The feasibility of combined immune checkpoint blockade, 
namely inhibition of the PD-1/programmed cell death 
ligand-1 (PD-L1) pathway together with inhibition of the 
cytotoxic T-lymphocyte antigen (CTLA-4), has been proven 
in malignant melanoma and is now being tested in non-small 
cell lung cancer (2). 

Cancer cells have multiple mechanisms to evade the 
immune system. As the understanding of the complex 
relationship between the immune system and cancer 
continues to be defined, immune checkpoint inhibitors 
can mediate reversal of T cell exhaustion, that is caused 
by the activation of PD-1 pathway. In the normal function 
of the immune system, T-cell activity is modulated by a 

balance of interplaying stimulatory and inhibitory signals 
(3,4). Immune checkpoints are responsible for controlling 
the intensity of the T-cell response by serving as inhibitory 
signals, maintaining homeostatic balance and preventing 
autoimmunity. Two of these important checkpoints are 
CTLA-4 and the PD-1 receptor. CTLA-4 is an inhibitory 
T-cell receptor that is involved in regulating T-cell 
activation, acting in the lymphoid compartment during 
the initial stages of the immune response. It competes with 
the co-stimulatory T-cell receptor, CD28, for binding to 
ligands on antigen presenting cells, thereby halting T-cell 
activation. Additionally, it serves an important role in the 
function of regulatory T-cells. The PD-1 receptor works in 
the tumor microenvironment to regulate T-cell response. It 
is expressed on the cell surface of activated T-cells and has 
two ligands, PD-L1 and programmed cell death ligand-2 
(PD-L2). When bound to these ligands, the inhibitory 
signal leads to reduced cytokine production and suppression 
of proliferation. Cancer cells use these checkpoints to evade 
the anticancer effects of the immune system by increasing 
the activity of these two inhibitory pathways. Cancer cells 
also up regulate PD-L1 expression, further increasing the 
inhibitory signal after interacting with PD-1 on T-cells. 
Antibodies to these immune checkpoints, inhibitors of 
CTLA-4 and the PD-1/PD-L1 pathway, unleash these 
inhibitory signals and allow the generation of a T-cell 
antitumor response, enabling the patient’s immune system 
to recognize and kill cancer cells.

The immune checkpoint inhibitors for the treatment of 
non-small cell lung cancer that are currently commercially 
available are nivolumab and pembrolizumab. Others are 
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currently in clinical trials. Nivolumab, a fully human 
monoclonal antibody against PD-1, was approved by the 
US Food and Drug Administration (FDA) in 2015 for the 
treatment of patients with advanced metastatic squamous 
and non-squamous non-small cell lung cancer who have 
progressed after platinum-based chemotherapy (5). The 
approval was based on two Phase 3 clinical trials. The 
CheckMate 017 trial compared nivolumab to docetaxel in 
272 squamous cell lung cancer patients who had disease 
progression after platinum-based chemotherapy (6).  
Median overall survival, the primary endpoint, was 
significantly improved to 9.2 months with nivolumab 
compared to 6 months with docetaxel (HR =0.59). One 
year overall survival was also higher with nivolumab (42% 
vs. 24%). Nivolumab also led to improvements in median 
progression-free survival (3.5 vs. 2.8 months, HR =0.62) and 
increase in objective response rate (20% vs. 9%). Nivolumab 
was also evaluated in 582 non-squamous non-small cell lung 
cancer (NSCLC) patients in the CheckMate 057 trial, a trial 
that mirrored CheckMate 017 in design (7). Nivolumab 
also proved effective is in this group showing improvements 
in median overall  survival  of 12.2 vs .  9.4 months  
with docetaxel (HR =0.73). Median progression-free survival 
(PFS) was similar between the groups (2.3 vs. 4.2 months, 
HR =0.92), but 1 year PFS was greater with nivolumab 
(18.5% vs. 8.1%). The objective response rate (ORR) 
was also improved with nivolumab (19.2% vs. 12.4%). 
Pembrolizumab, a humanized IgG4 monoclonal antibody 
to PD-L1, has received accelerated approval by the FDA 

for the treatment of advanced non-small cell lung cancer 
after progression on platinum-based chemotherapy (8).  
The Phase 1 KEYNOTE-001 study included 495 NSCLC 
patients who received pembrolizumab at 2 or 10 mg/kg (9). 
The ORR was 19.4% with a median duration of response of 
12.5 months (median follow-up 10.9 months). A randomized 
study that included approximately 1,000 patients confirmed 
the superiority of pembrolizumab over docetaxel in PDL-1  
expressing patients with advanced stage NSCLC. In this 
study, KEYNOTE-010, pembrolizumab significantly 
improved both median overall and progression-free survival 
compared to docetaxel (10). Median overall survival was 10.4 
and 12.7 months, respectively, with pembrolizumab 2 and 
10 mg/kg vs. 8.5 months with docetaxel. Pembrolizumab 
further increased overall survival among patients with at 
least 50% PD-L1 expression; median overall survival was 
8.2 months with docetaxel compared to 14.9 months with 
pembrolizumab 2 mg/kg (HR =0.54) and 17.3 months with 
pembrolizumab 10 mg/kg (HR =0.50). While median PFS 
with the two therapies was similar among the entire cohort, 
pembrolizumab led to improved median PFS in patients 
with at least 50% PD-L1 expression (pembrolizumab  
2 mg/kg: 5 months, pembrolizumab 10 mg/kg: 5.2 months, 
docetaxel 4.1 months) (Table 1). 

In NSCLC, immune checkpoint inhibitor monotherapy 
targeting the PD-1/PD-L1 pathway has shown remarkable 
results with improvements in OS, PFS and with ORR of  
15–25% with some patients achieving durable responses 
lasting years. Agents blocking the PD-1/PD-L1 pathway 

Table 1 PD-L1 inhibitors in NSCLC: phase III clinical trials

Trial Population Agents Median OS Median PFS ORR (%)

CheckMate 017  
Brahmer, et al. (6)

n=272 squamous  
cell NSCLC

Nivolumab vs. docetaxel 9.2 vs. 6 mo  
(HR =0.59)

3.5 vs. 2.8 mo 
(HR =0.62)

20 vs. 9

CheckMate 057  
Borghaei, et al. (7)

n=582 nonsquamous  
cell NSCLC

Nivolumab vs. docetaxel 12.2 vs. 9.4 mo  
(HR =0.73)

2.3 vs. 4.2 mo 
(NS)

19.2 vs. 12.4

KEYNOTE-010  
Herbst, et al. (10)

n=1,034 PD-L1  
positive NSCLC

Pembrolizumab 2 mg/kg vs. 
docetaxel

10.4 vs. 8.5 mo  
(HR =0.71)

3.9 vs. 4.0 mo 
(NS)

18 vs. 9

Pembrolizumab 10 mg/kg vs. 
docetaxel

12.7 vs. 8.5 mo  
(HR =0.61)

4.0 vs. 4.0 mo 
(NS)

18 vs. 9

n=442 ≥50% PD-L1  
positive NSCLC 

Pembrolizumab 2 mg/kg vs. 
docetaxel

14.9 vs. 8.2 mo  
(HR =0.54)

5.0 vs. 4.1 mo 
(HR =0.59)

30 vs. 8

Pembrolizumab 10 mg/kg vs. 
docetaxel

17.3 vs. 8.2 mo  
(HR 0.50)

5.2 vs. 4.1 mo 
(HR =0.59)

29 vs. 8

PD-L1, programmed cell death ligand-1; NSCLC, non-small cell lung cancer; OS, overall survival; PFS, progression-free survival; ORR, 
objective response rate.
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work in the tumor microenvironment regulating the T-cell 
response, while CTLA-4 inhibitors provide a different 
mechanism targeting T-cell activation in the lymphoid 
compartment. Simultaneous blockade of these two pathways 
may provide greater antitumor activity and lead to improved 
outcomes in non-small cell lung cancer patients. The results 
of an early phase 1b trial evaluating the combination of 
durvalumab, an anti-PD-L1 antibody, and tremelimumab, an 
anti-CTLA-4 antibody, was recently published by Antonia et 
al. (11). This multicenter, non-randomized, open-label study 
enrolled 102 immunotherapy-naïve patients with locally 
advanced or metastatic non-small cell lung cancer. Varying 
dosing combinations were examined, including durvalumab 
at doses 3 to 20 mg/kg every 4 weeks for 13 doses, or  
10 mg/kg every 2 weeks for 26 doses. Tremelimumab was 
administered at doses of 1, 3, or 5 mg/kg every 4 weeks for 
six doses followed by every 12 weeks for three doses. In 84 
evaluable patients, the overall response rate was 25% across 
all cohorts.

Lung cancer patients are often advanced in age with 
many co-morbidities and limited performance status, 
thus tolerability to any therapy is of upmost importance. 
Anti-PD-1/PD-L1 therapy has been shown to be well 
tolerated. In the Checkmate trials, the rate of grade 3 or 4 
adverse events was 7–10% with nivolumab versus 53–55% 
with docetaxel. There are however risks for severe life-
threatening immune-related adverse events requiring close 
monitoring and early intervention. In the durvalumab/
tremelimumab combination study by Antonia et al., 
adverse events resulted in 28% of patients discontinuing 
therapy. The maximum tolerated dose was exceeded in 
the cohort receiving durvalumab 20 mg/kg every 4 weeks 
with tremelimumab 3 mg/kg with 30% of patients (2 of 
6 patients) experiencing dose-limiting toxicity. The most 
common grade 3 or 4 toxicities were diarrhea (11%), colitis 
(9%) and increased lipase (8%). Durvalumab 20 mg/kg 
with tremelimumab 1 mg/kg had a manageable tolerability 
profile and will be used as the dose moving forward in Phase 
3 studies.

Simultaneous blockade of PD-1/PD-L1 and CTLA-4 
has proven effective in melanoma, and the study by Antonia 
et al. is encouraging for the potential benefit of this strategy 
in non-small cell lung cancer. Higher response rates were 
seen relative to those seen with single-agent PD-1/PD-L1 
inhibition. The clinical characteristics of many lung cancer 
patients can lead to poorer tolerability of more intensive 
therapies. Trial data revealed that doses higher than 1 mg/kg  
of tremelimumab resulted in greater toxicities with no 

improved activity; the toxicity associated with inhibition of 
this pathway may be a limiting factor in the combination 
approach. Further evaluation of the balance between efficacy 
and toxicity is needed. The study identified a dose with a 
reasonable tolerability profile, which should now be studied 
in larger patient cohorts. Interestingly, the combination was 
found to improve response rates regardless of PD-L1 status, 
differing from most trials with PD-1/PD-L1 monotherapy 
in NSCLC. Further studies will aid in determining if 
the PD-L1 negative population will receive the greatest 
benefit from the addition of CTLA-4 inhibition. Further 
support of the combination strategy comes from early 
results of CheckMate-012, a multi-arm Phase 1b trial 
in chemotherapy-naïve advanced non-small cell lung 
cancer evaluating the combination of the PD-1 inhibitor, 
nivolumab, and the anti-CTLA-4 antibody, ipilimumab (12). 
The combination was tested using four different dosing 
regimens in 148 patients and led to objective response rates 
of 13% to 39%. Clinical activity was observed regardless 
of PD-L1 expression. Toxicity was acceptable with 10% of 
fewer patients discontinuing treatment due to toxicities. 
The outcomes of Phase 3 studies with combination therapy 
will further enlighten our understanding of these agents and 
potentially shape the future of non-small cell lung cancer 
management. 
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