
14

Introduction
Lung cancer is still the leading cause of cancer-related 

mortality worldwide. In Korea, 17,980 patients died from lung 
cancer in 20171. The characteristics of these patients have 
changed over time in Korea, as in Western countries, with 
increases seen in the proportion of adenocarcinomas, female 
cases, and early-stage lung cancer2-4. Much recent progress 
has been made in the treatment and management of lung 
cancer. The National Lung Screening Trial has reported that 
screening with low-dose computed tomography is associated 
with a reduced mortality5. In addition, since numerous molec-
ular pathways have been found to play a role in lung cancer6, 

many targeted therapies have been developed and used in 
real practice7-9. However, most lung cancer patients experi-
ence acquired resistance to targeting drugs, which represents 
the most significant clinical hurdle for these treatments10.

There is growing evidence that interactions with the tumor 
environment and the immune system are associated with 
lung cancer initiation and progression11. Cancer immuno-
therapy development has focused on various ligands and 
receptors that inhibit or stimulate the immune system, with 
the most studied area being immune checkpoint inhibitors, 
including agents that target the anti–programmed death-1 
(PD-1) or programmed death-ligand 1 (PD-L1) molecules12-14. 
We here review the mechanisms underlying immune check-
point inhibitor functions and the current evidence for the ef-
fectiveness of approved immune checkpoint inhibitor drugs 
in diverse clinical settings, i.e., monoclonal antibodies against 
the PD-1 receptor (nivolumab and pembrolizumab) and its 
ligand PD-L1 (atezolizumab and durvalumab). In addition, 
we briefly discuss future perspectives for immunotherapies 
directed against lung cancer.

Mechanisms Underlying Anti-cancer 
Immune Responses and Immune 

Checkpoint Inhibitor Function
Antitumor immune responses are known as the cancer-

immunity cycle which involves the release of cancer antigens, 
cancer antigen presentation (via antigen-presenting cells), 
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trafficking of T cells to tumors, infiltration of tumors by T cells, 
recognition of cancer cells by T cells, and killing of cancer cells 
(Figure 1)15,16. Each step of this cycle requires the regulation of 
numerous factors to maintain the delicate balance between 
immune activity and autoimmunity17.

To prevent autoimmunity, the activation and proliferation 
of T lymphocytes are regulated by immune checkpoint mol-
ecules under normal circumstances18. The best-characterized 
checkpoint pathways to date are cytotoxic T-lymphocyte–
associated antigen 4 and PD-119. Crucially, cancer cells can 
express ligands that stimulate these checkpoint pathways and 
inhibit T-cell activation20. For example, PD-L1 expression has 
been detected in various solid tumors including lung cancer 
where it enables the cancer cells to evade immune respons-
es21-23. Thus, it was proposed that treatments that inhibit im-
mune checkpoint pathways could potentially restore the T-cell 
response to certain tumors24, and there is growing evidence 
for this in advanced non-small cell lung cancer (NSCLC). The 
mechanism of action of the immune checkpoint inhibitors is 
summarized in Figure 2. In addition, the immune checkpoint 
inhibitor agents that have been approved by the U.S. Food and 
Drug Administration (FDA) up to June 2019 are summarized 

in Table 1.

Use of Immune Checkpoint Inhibitors 
as a Salvage Treatment in Previously 

Treated NSCLC
The CheckMate 057 study of nonsquamous NSCLC cases 

that had progressed during or after platinum-based chemo-
therapy found that treatments with the nivolumab group of 
immune checkpoint inhibitors produced a more favorable 
overall survival outcome than therapies with the docetaxel 
group (median overall survival, 12.2 months vs. 9.4 months; 
p=0.002)25. The CheckMate 017 study reported that the medi-
an overall survival was significantly better with the nivolumab 
group than the docetaxel group (9.2 months vs. 6.0 months, 
p<0.001) among patients with advanced, and previously treat-
ed, squamous cell carcinoma26.

In the prior KEYNOTE-010 study involving patients with a 
PD-L1 expression level >1%, the median overall survival in the 
group treated with the immune checkpoint inhibitor pembro-
lizumab was significantly greater than the docetaxel treatment 
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group (10.4 months in the 2 mg/kg group vs. 8.5 months in the 
docetaxel group [p=0.0008] and 12.7 months in the 10 mg/kg 
group vs. 8.5 months in the docetaxel group [p<0.0001])27. In 
the previous OAK study of atezolizumab, previously treated 
NSCLC patients who were administered this immune check-
point inhibitor also showed better overall survival compared 
with a docetaxel treatment group (median overall survival, 
13.8 months vs. 9.6 months; p=0.0003), regardless of the PD-
L1 expression profile on histology28.

Immune Checkpoint Inhibitors as a  
First-Line Treatment for Metastatic 

NSCLC
Unfortunately, nivolumab monotherapies have not pro-

duced progression-free survival benefits as a first-line treat-
ment compared with platinum-based chemotherapy in 
patients with stage IV or recurrent NSCLC, with a PD-L1 
expression level of 5% or more (CheckMate 026 study)29. 
However, the KEYNOTE-024 study has reported that first-
line pembrolizumab monotherapy significantly improved 
the progression-free survival (median, 10.3 months vs. 6.0 
months; p<0.001) and overall survival (median overall survival 
was not reached in either group, p=0.005) compared with 
platinum-based chemotherapy in NSCLC patients with a PD-
L1 tumor proportion score of 50% or greater30. Recently, the 
KEYNOTE-042 study reported that first-line pembrolizumab 
monotherapy showed better overall survival compared with 

platinum-based chemotherapy in patients with a PD-L1 of 1% 
or greater (hazard ratio [HR], 0.69; p=0.0003 in PD-L1 ≥50% 
group; HR, 0.77; p=0.0020 in PD-L1 ≥20% group; and HR, 0.81; 
p=0.0018 in PD-L1≥1% group)31.

Since conventional chemotherapy can induce potential im-
munogenic effects32,33, it was postulated that a combination of 
chemotherapy and immunotherapy might have synergistic 
effects. Indeed, in the KEYNOTE-189 study of patients with 
previously untreated metastatic nonsquamous NSCLC, the 
addition of pembrolizumab to the standard chemotherapy 
regimen produced significantly improved progression-
free survival and overall survival outcomes compared with 
chemotherapy alone (median progression-free survival, 8.8 
months vs. 4.9 months; p<0.001; and median overall survival, 
not reached vs. 11.3 months; p<0.001)34. In the KEYNOTE-407 
study of patients with previously untreated metastatic squa-
mous NSCLC, the combination of pembrolizumab to the cy-
totoxic chemotherapy regimen also resulted in better progres-
sion-free and overall survival compared with chemotherapy 
alone (median progression-free survival, 6.4 months vs. 4.8 
months; p<0.001; and median overall survival, 15.9 months vs. 
11.3 months; p<0.001)35.

There is evidence that atezolizumab produces benefits as 
a first-line therapy. The IMpower150 study of patients with 
metastatic non-squamous NSCLC reported that the combina-
tion of atezolizumab and bevacizumab with chemotherapy 
resulted in a better overall survival compared with a bevaci-
zumab plus chemotherapy regimen (median overall survival, 
19.2 months vs. 14.7 months; p=0.02)36. In the IMpower133 

Table 1. Indications for the use of current U.S. FDA–approved immune checkpoint inhibitors in lung cancer patients

Agent Indication Line Usage Biomarker

Nivolumab Metastatic NSCLC* 2nd line Monotherapy Any

Metastatic SCLC 3rd line Monotherapy Any

Pembrolizumab Metastatic nonsquamous NSCLC† 1st line Combination with pemetrexed and platinum

Metastatic squamous NSCLC 1st line Combination with carboplatin and paclitaxel Any

Stage III NSCLC‡ or metastatic NSCLC† 1st line Monotherapy PD-L1≥1%

Metastatic NSCLC* 2nd line Monotherapy PD-L1≥1%

Metastatic SCLC 3rd line Monotherapy Any

Atezolizumab Metastatic non-squamous NSCLC† 1st line Combination with bevacizumab, paclitaxel, 
and carboplatin

Any

Metastatic NSCLC* 2nd line Monotherapy Any

Extensive-stage SCLC 1st line Combination with carboplatin and etoposide Any

Durvalumab Unresectable, stage III NSCLC§ 2nd line Monotherapy Any

*Patients with EGFR or ALK genomic tumor aberrations are required to have shown disease progression on an FDA-approved therapy for 
these aberrations. †Patients with no EGFR or ALK genomic tumor aberrations. ‡Stage III NSCLC patients who are not candidates for surgical 
resection or definite chemoradiation. §Unresectable, stage III NSCLC cases whose disease has not progressed following concurrent platinum-
based chemotherapy and radiation therapy.
U.S. FDA: U.S. Food and Drug Administration; NSCLC: non-small lung cancer; SCLC: small cell lung cancer; PD-L1: programmed death-
ligand 1; EGFR: epidermal growth factor receptor; ALK: anaplastic lymphoma kinase.
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study, the addition of atezolizumab to the chemotherapy pro-
tocol as the first-line treatment of extensive-stage small-cell 
lung cancer also had a favorable impact on progression-free 
survival and overall survival (median progression-free sur-
vival, 5.2 months vs. 4.3 months; p=0.02; and median overall 
survival, 12.3 months vs. 10.3 months; p=0.007)37.

Immune Checkpoint Inhibitor Use in 
Other Clinical Settings

A recent pilot study has reported that nivolumab may 
have a role as a neoadjuvant therapy in surgically resectable 
NSCLC38. In addition, Cottrell et al.39 have demonstrated that 
neoadjuvant nivolumab may have benefits in terms of major 
pathologic regression. Current clinical trials are investigating 
immune checkpoint inhibitors as adjuvant treatments in pa-
tients with resected NSCLC40. Durvalumab (Imfinzi) is a hu-
man monoclonal antibody that blocks the binding of PD-L1 to 
PD-1 and CD80. Among 709 patients in the PACIFIC trial with 
stage III NSCLC, and with no disease progression after two or 
more cycles of platinum-based chemoradiotherapy, 473 cases 
received durvalumab, and 236 received a placebo. The overall 
and progression-free survival rates were significantly better in 
the durvalumab group (median overall survival, not reached 
vs. 28.7 months; p=0.0025; and median progression-free sur-
vival, 16.8 months vs. 5.6 months; p<0.001)41.

Adverse Events from Treatments with 
Immune Checkpoint Inhibitors

It has been shown that some immune checkpoint inhibi-
tors can potentially damage self-antigens, and thereby harm 
normal tissues, which is termed an immune-related adverse 
event (irAE)42. While the precise mechanisms underlying the 
onset of irAEs have not been well understood, a disruption 
of the balance in immunologic homeostasis is suggested as a 
major cause43. IrAEs can affect various organs including the 
liver, pituitary, thyroid, skin, lung, and nervous system among 
others44,45. Among these events, pulmonary toxicity including 
pneumonitis has been highlighted as a particularly serious 
complication as it can be fatal in some cases46,47. Although an 
early suspicion and treatment interruption are the mainstays 
of the management of such adverse events, immunosuppres-
sion with corticosteroids and/or other immunosuppressant 
are often used to treat irAEs48,49.

Future Perspectives
A number of clinical trials are currently ongoing to evalu-

ate immune checkpoint inhibitors as either a monotherapy 

or in combination with other agents. Moreover, the possible 
mechanisms of resistance to immune checkpoint inhibitors 
have now been reported, including insufficient generation, 
inadequate function, and an impaired memory of tumor-
specific T cells50,51. There is recent evidence that cancer cell 
may interact with extracellular matrix, stromal cells, and im-
mune cells, known as the tumor microenvironment (TME)52. 
TMEs can provide a haven from immune responses, which 
is one of the important mechanisms of resistance to immune 
checkpoint inhibitors51. Many strategies have been suggested 
to overcome this53,54. There has also been a growing number of 
studies on immunotherapies that do not use immune check-
point inhibitors, one of which is chimeric antigen receptor 
(CAR) T-cell therapy55. CAR molecules are constructed from 
various protein segments that include an antigen-binding 
region and stimulatory domains, and CAR T-cell therapy is 
one of the adoptive T-cell therapies. It has been suggested that 
CAR-modified T cells may possibly be engineered to express 
synthetic receptors that will attach to tumor cells and destroy 
them56.

Conclusion
Since the U.S. FDA has approved the use of four different 

immune checkpoint inhibitors for clinical use, these agents 
have become important treatment options for patients with 
lung cancer. In Korea, the Health Insurance Review and As-
sessment Service has approved insurance coverage for the 
immune checkpoint inhibitors nivolumab, pembrolizumab, 
and atezolizumab as salvage treatments for patients with 
previously treated NSCLC. Although some of these cases 
have experienced “immune-mediated” adverse effects and 
only a small subset (about 20%–30%) has shown a treatment 
response to date, numerous clinical trials are ongoing. Further 
studies are needed to investigate the effectiveness of com-
bined therapies, resistance mechanisms, predictive biomark-
ers, and the optimal management of adverse effects when 
using immunotherapies to treat lung cancer.
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