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Background: The introduction of immunotherapy in the treatment of non-small cell lung cancer (NSCLC) 
has resulted in a radical change in patients’ treatment responses and survival rates. The increased percentage 
of long survivors, improved toxicity profiles compared to chemotherapy, and the possible applications for 
different NSCLC scenarios, have led to immune checkpoint inhibitors (ICIs) becoming the cornerstone of 
NSCLC treatment. Therefore, the objective of this review is to describe the current and future perspectives 
of NSCLC treatment. 
Methods: A systematic review according to the PRISMA criteria has been performed based on clinical trials 
with immunotherapy in NSCLC from the start of these treatments until June 2022. 
Results: The use of ICIs is widespread across both first- and second-line treatments with anti-PD-1, anti-
PD-L1, and anti-CTLA-4 drugs. New indications for immunotherapy in NSCLC have focused on adjuvant 
(atezolizumab) and neoadjuvant (nivolumab), with ICIs now present in all stages of NSCLC treatment. 
Given the promising results seen in clinical trials, new ICIs [anti-lymphocyte activation gene-3 (LAG-3) or 
IDO1] currently under development, will soon be used as standard treatment for NSCLC. 
Conclusions: Immunotherapy is the mainstay of NSCLC treatment in all stages, including adjuvant, 
neoadjuvant and advanced tumors. The development of new molecules will revolutionize the treatment of 
NSCLC in the coming years. 
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Introduction

Currently, over half of patients with non-small cell 
lung cancer (NSCLC) are diagnosed in advanced stages 
(stages IIIB/C or IV), which have no curative treatment 
options (1). Of neoplasms, lung cancer has the highest 
mortality rate worldwide (2,3). Although most NSCLC 
tumors are diagnosed as localized or locally advanced, 
more than 80% of patients develop metastases as the 
disease progresses (4). NSCLC treatment has undergone 
a revolution since the introduction of immunotherapy 
and immune checkpoint inhibitors (ICIs) in 2015 (5). 
Prior to this, standard treatment regimens for advanced 
or metastatic NSCLC involved platinum doublets, which 
provided an overall survival (OS) of 6–12 months (6,7). 
Following the introduction of ICIs, the median survival of 
NSCLC patients has doubled, with 5-year survival rates of 
approximately 20–30% in cases that are in the metastatic 
stage (8). In 2015, the Food and Drug Administration 
(FDA) approved pembrolizumab and nivolumab as second-
line treatments for NSCLC (9). This has resulted in radical 
improvements in patient survival and quality of life.

Immunotherapy using ICIs is based on three key 
pillars that involve acting on three immune system 
cellular receptors: PD-1, PD-L1, and CTLA-4 (10,11) 
(Table 1). Due to their importance, anti-PD-1 drugs have 
traditionally been the most commonly used for NSCLC 

treatment. However, drugs that target all three receptors 
have potential applications in the treatment of different 
NSCLC case presentations. These drugs, in monotherapy 
and combination with chemotherapy (CT) or each other, 
have been shown to improve patient survival and treatment 
response (12). Their toxicity profiles are similar to that 
of classic CT (13). Currently, 6 ICIs have been approved 
by the FDA for the treatment of NSCLC: ipilimumab, 
nivolumab, pembrolizumab, durvalumab, atezolizumab, and 
cemiplimab (14) (Figure 1). New ICIs are currently being 
studied alongside new immunotherapy modalities, such as 
oncolytic viruses or CAR-T cells (15,16).

The objective of this review was to describe and assess 
the present and future immunotherapy treatments available 
for NSCLC to garner a greater understanding of the 
revolution the oncology field is experiencing regarding 
the treatment of lung cancer. The systematic review was 
conducted and carried out using the quality standards 
detailed in the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) reporting 
checklist (available at https://atm.amegroups.com/article/
view/10.21037/atm-22-4218/rc).

Methods

Search strategy

The clinical trials and studies included were found through 
searching several databases: PubMed, COCHRANE, 
Science Direct, EMBASE, and the clinical trial registry 
(www.clinicaltrials.gov). Studies and trials presented 
at the American Society of Clinical Oncology (ASCO) 
and European Society of Medical Oncology (ESMO) 
conferences were also included.

The studies selected for inclusion in this review involved 
the clinical trials and approval of the main ICIs, the 
approval records of the drugs, their indications by the FDA 
and the European Medicines Agency (EMA), and reviews 
and articles on immunotherapy as a treatment for lung 
cancer. No publication date parameters were used during 
the database searches; all studies published before June 30, 
2022, were included. Studies based on clinical practice data 
have not been collected for publication due to the recent 
use of immunotherapy, so the review has been based on 
validated studies in this field that have allowed the approval 
of immunotherapy in the different scenarios of NSCLC.

Various text and medical subject headings (MeSH) 
combinations were used during the search: “Lung cancer 

Highlight box

Key findings 
•	 Immunotherapy has been established as the mainstay of NSCLC 

treatment for all stages (adjuvant, neoadjuvant and advanced). 
atezolizumab is standardized for adjuvant treatment after surgery 
and chemotherapy in stages II–III and nivolumab for neoadjuvant 
treatment in stages IB–IIIA.  

What is known and what is new?  
•	 Immunotherapy (alone or in combination with chemotherapy) is 

the standard treatment for advanced or metastatic NSCLC in both 
first and second line.

•	 ICIs become the standard in NSCLC for adjuvant and neoadjuvant 
treatment. New ICIs in development (anti-LAG-3 or IDO1) are 
currently under study in different clinical trials, being the future of 
NSCLC treatment.

What is the implication, and what should change now? 
•	 Unless certain contraindications, treatment of NSCLC at all stages 

should include immunotherapy. New clinical trials will assess 
the role of ICIs in non-chemotherapy combinations to improve 
treatment efficacy and reduce toxicity.
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Table 1 Main immune checkpoints antibodies and their principal indications for the treatment of solid tumors

Immune checkpoint 
inhibitors

Immunoglobulin 
type

Target 
molecule

Tumour type

Ipilimumab  
(MDX-010)

IgG-1κ CTLA-4 Advanced melanoma (alone second-line or in combination with nivolumab in first-line)

Advanced renal cancer (in combination with nivolumab in first-line)

Advanced lung cancer (in combination with chemotherapy and nivolumab in first-line)

Advanced pleural mesothelioma (in combination with nivolumab in first-line)

Advanced dMMR colorectal cancer (in combination with nivolumab in first-line)

Advanced squamous oesophageal cancer (in combination with nivolumab with  
PD-L1 ≥1%)

Pembrolizumab  
(MK-3475)

IgG-4κ PD-1 Advanced melanoma and adjuvant (alone)

First-line metastatic NSCLC (alone in first PD-L1 ≥50% or in combination with CT in 
PD-L1 <50%)

Second line metastatic NSCLC (alone with PD-L1 ≥1%)

Refractory Hodgkin lymphoma (alone)

Advanced bladder cancer (alone in second-line)

Advanced head and neck cancer (in first line in combination with CT in CPS ≥1 or 
monotherapy in CPS ≥50%)

Advanced renal cancer (in combination with lenvatinib or axitinib) or in adjuvant

All dMMR solid tumours (alone in first-line)

Advanced oesophageal cancer (plus CT in CPS ≥10%)

Advanced triple negative breast cancer (plus CT in CPS ≥10% or PD-L1+)

Neoadjuvant and adjuvant triple negative breast cancer (plus CT) 

Advanced endometrial cancer (second-line with lenvatinib)

Advanced cervical cancer (first-line with CT +/− bevacizumab in CPS ≥1)

Nivolumab  
(MDX-1106)

IgG4 PD-1 Advanced melanoma (plus CT or alone) and adjuvant (alone)

First-line metastatic NSCLC (plus nivolumab and CT)

Second-line metastatic NSCLC (alone)

Advanced pleural mesothelioma (in combination with ipilimumab)

Advanced renal cancer (first-line with ipilimumab or cabozantinib and second-line 
alone)

Refractory Hodgkin lymphoma (alone)

Advanced bladder cancer (alone in second-line)

Advanced head and neck cancer (alone in second-line)

Advanced dMMR colorectal cancer (in combination with ipilimumab)

Advanced oesophageal cancer (plus CT or alone or plus ipilimumab)

Neoadjuvant in NSCLC plus CT (stage IB–III)

Table 1 (continued)
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Table 1 (continued)

Immune checkpoint 
inhibitors

Immunoglobulin 
type

Target 
molecule

Tumour type

Atezolizumab 
(MPDL3280A)

IgG1 PD-L1 Advanced bladder cancer (alone in second line)

Metastatic NSCLC (in first-line in combination with CT and bevacizumab or in second-
line alone)

Adjuvant NSCLC (stage II–III) after surgery and CT

Advanced SCLC (in first-line plus CT)

Durvalumab 
(MEDI4736)

IgG1 PD-L1 Locally advanced unresectable non-small cell lung cancer (after CT/RT with PD-L1 
≥1% in tumour cells)

Advanced SCLC (in first-line plus CT)

Avelumab 
(MSB0010718C)

IgG1 PD-L1 Metastatic Merkel cell carcinoma (alone)

Advanced urothelial cancer in maintenance after CT in first-line

Advanced renal cancer (plus axitinib in first-line)

Cemiplimab 
(REGN-2810)

IgG4 PD-1 Advanced squamous cell carcinoma (first-line alone)

Advanced nasal-cell carcinoma (after or not tolerance to vismodegib)

Advanced NSCLC (alone in first-line in PD-L1 ≥50%)

Dostarlimab (TSR-
042)

IgG4 PD-1 Advanced dMMR endometrial cancer (alone in second-line)

Relatlimab (BMS-
986016)

IgG4 LAG-3 Advanced melanoma (in combination with nivolumab in first-line)†

†, only approved by FDA. dMMR, deficiency of the mismatch repair; CPS, Combined Positive Score; NSCLC, non-small cell lung cancer; CT, 
chemotherapy; SCLC, small cell lung cancer; RT, radiotherapy; FDA, Food and Drug Administration; LAG-3, lymphocyte activation gene-3.

Figure 1 Development of the different ICIs along the last 10 years to nowadays in NSCLC. 2L, second-line; sq, squamous; NSCLC, non-
small cell lung cancer; 1L, first-line; CT, chemotherapy; RT, radiotherapy; ICIs, immune checkpoint inhibitors.
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OR lung OR NSCLC”, “Immunotherapy OR immune 
checkpoint inhibitors OR ICI”, “clinical trials OR approved 
drugs OR review”. Several combinations were used to 
search the databases: [“(Lung Cancer OR NSCLC) “AND” 
(Immunotherapy OR immune checkpoint inhibitors 
OR ICI)” AND/OR “(clinical trials OR approved drugs 
OR review)”]. All studies that provided current evidence 
on the current or future treatment of lung cancer using 
immunotherapy were considered. Flow diagram is in the 
Figure 2.

Study selection and data extraction

Initially, the studies reviewing the main clinical trials that 
resulted in the approval of immunotherapy drugs for the 
treatment of NSCLC were selected. Subsequently, existing 
literature reviews were selected, as well as studies that 
involved data analysis from different hospitals. Abstracts 
that, due to their novelty or importance, influenced the 
oncology field were also included. Most of these abstracts 
were derived from the ASCO and ESMO congresses.

Two independent reviewers (Olivares-Hernández and 
González del Portillo) completed the data extraction and 
examination. Following this, a third reviewer (Miramontes-
González) compared the results and assessed the consistency 

of the results with the current literature.

Results

When considering the treatment of NSCLC, it is critical 
that the presence of driver mutations is assessed before 
beginning immune therapy (17). In healthcare practice, 
analysis of several tumor mutations is recommended due 
to the therapeutic implications associated with the use 
of certain drugs: EGFR, KRAS, ALK, ROS1, BRAF, 
NTRK1/2/3, MET, and RET (18). Tumors with these 
driver mutations present different clinical characteristics 
compared to tumors. Therefore, the treatment approach 
should not initially involve immunotherapy treatments (19).

Furthermore, PD-L1 levels must be assessed to 
determine the correct treatment option for NSCLC 
patients (20). PD-L1 levels can be assessed using different; 
pharmaceutical companies typically use different methods. 
Levels are determined by immunohistochemistry and are 
currently the most important predictive biomarker for 
immunotherapy responses (21). Other biomarkers have 
been assessed, such as the tumor mutation burden (TMB) 
or mismatch repair (MMR) system deficiency (22,23); 
however, PD-L1 is the only biomarker that has shown 
predictive value regarding the response of NSCLC to ICIs.
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Figure 2 Flow diagram of selected included and excluded studies.
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Locally and locally advanced stage treatment

Multiple recent investigations have studied the role of 
immunotherapy in the adjuvant and neoadjuvant treatment 
of NSCLC (24). The most important study regarding 
adjuvant treatment in operable stages is IMpower010 
(NCT02486718) (25), in which the efficacy of maintenance 
atezolizumab treatment was evaluated 1 year after 
platinum-based adjuvant CT in patients with stage IB–III 
NSCLC who underwent surgery. One year of maintenance 
atezolizumab treatment was shown to be more beneficial 
compared to best supportive care (BSC) for patients with 
stage II–IIIA tumors with PD-L1 expressed on ≥1% of 
tumor cells. After a median follow-up of 32.2 months, 
disease-free survival (DFS) was higher in the treatment 
group compared to the BSC group [HR =0.66 (95% CI: 
0.59–0.88)]. After 2 years, DFS in the atezolizumab group 
was 74.5% compared to 61.0% in the placebo group. 
Following this study, in October 2021, the FDA approved 
the use of atezolizumab for use in the maintenance 
treatment of stage II–III NSCLC with PD-L1 expressed on 
≥1% of tumor cells, following treatment with surgery and 
adjuvant CT.

Another interesting study regarding adjuvant therapy was 
the PEARLS/KEYNOTE-091 (NCT02504372) clinical 
trial (26). This study evaluated the efficacy of 1 year of 
maintenance pembrolizumab versus placebo in patients with 
stage IB–IIIA NSCLC that had been treated by surgery 
and possibly adjuvant CT. The pembrolizumab group had 
an average DFS of 53.6 versus 42.0 months in the placebo 
group [HR =0.76 (95% CI: 0.63–0.91)]. After 18 months, 
the DFS of the pembrolizumab group was 73.4% compared 
to 64.3% in the placebo group. There are several important 
differences between this study and the IMpower010 study. 
One is the IMpower010 study included more stage III 
participants, as well as a higher percentage of negative PD-
L1 participants. While in the KEYNOTE-091 study, 14.1% 
of the patients did not receive adjuvant CT treatment. 
These are notable differences; therefore, the studies are 
hard to compare. Furthermore, the KEYNOTE-091 study 
is currently pending evaluation by the FDA.

Neoadjuvant therapy presents a challenge for the 
treatment of NSCLC due to over one-third of patients 
presenting with stage III or later at diagnosis (27). In 
stage IIIA tumors, over half of patients experience tumor 
recurrence despite surgical resection, with more than 
two-thirds relapsing at the systemic level (28). Because of 
these challenges, the combination of CT and neoadjuvant 

immunotherapy for the treatment of resectable stage III 
NSCLC has been an area of research interest. Compared 
to adjuvant treatment, the neoadjuvant treatment enables 
the early control of the disease at the systemic level (29). 
CheckMate-816 (NCT02998528) is the main study that 
has studied this treatment, evaluating the efficacy of 
neoadjuvant treatment with nivolumab plus platinum-
based CT versus standard CT in resectable stage IB–
IIIA NSCLC (30). The primary endpoints were event-
free survival (EFS) and pathological complete response 
(pCR). The EFS of the nivolumab group was 31.6 months 
compared to 20.8 months in the CT-only group [HR =0.63 
(95% CI: 0.43–0.91)]. The pCR in the nivolumab group 
was 24.0% vs. 2.2% in the CT-only group [odds ratio 13.94 
(99% CI: 3.49–55.75)]. Following this study, in March 
2022, the FDA approved the combination of CT and 
nivolumab as a neoadjuvant treatment for resectable stage 
IB–IIIA NSCLC. Several other investigating neoadjuvant 
therapies are currently underway, such as KEYNOTE-671 
(NCT03425643)  (31) ,  which is  invest igat ing the 
combination of pembrolizumab with neoadjuvant CT and 
subsequent post-surgery maintenance pembrolizumab and 
IMpower030 trial (NCT03456063) (32), which is following 
a similar protocol using atezolizumab.

The PACIFIC trial is the most important and well-known 
studying involving patients with unresectable stage III 
(IIIB/C) NSCLC (33,34). This study evaluated the efficacy 
of durvalumab maintenance treatment after concomitant 
chemoradiation therapy (CT/RT). The progression-free 
survival (PFS) in the durvalumab group was 16.8 months 
compared to 5.6 months in the placebo group [HR =0.52 
(95% CI: 0.42–0.65)]. After 18 months, the PFS rate was 
44.2% in the durvalumab group versus 27% in the placebo 
group. Following the publication of this study, in February 
2018, the FDA approved the use of durvalumab for the 
maintenance treatment of unresectable stage III NSCLC 
following non-progressed concomitant CT/RT treatment. 
The KEYLYNK-012 study is currently underway (35), 
comparing durvalumab with two experimental groups with 
concurrent CT/RT plus pembrolizumab, with subsequent 
maintenance with pembrolizumab +/− olaparib. The 
phase 2 KEYNOTE-799 (NCT03631784) trial evaluated 
patients with stage IIIA/B/C tumors that were initially 
unresectable but had surgical potential (36). The efficacy of 
pembrolizumab combined with neoadjuvant platinum-based 
CT followed by concomitant CT/RT with pembrolizumab 
and subsequent maintenance pembrolizumab was assessed 
in two cohorts separated based on histology. An objective 
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response rate (ORR) of 72–74% was reported, with OS 
not reaching at the time of the study. However, the results 
indicate a potential treatment path for patients with stage 
III tumors that have the potential to be resected.

Advanced stage treatment

Following the FDA’s approval of nivolumab as the first 
neoadjuvant immunotherapy treatment for NSCLC on 
March 4, 2022, the progressive development of different 
therapeutic protocols for NSCLC treatment has led to 
the establishment of these protocols as a standard and 
fundamental component of NSCLC therapy (37). In 
recent years, immunotherapy has evolved from being a 
second- to first-line treatment. However, no patient with 
NSCLC (without driver mutations) can receive ICIs 
unless contraindicated. PD-L1 expression levels determine 
whether a patient should receive immunotherapy as a first- 
or second-line treatment (38).

First-line treatment for PD-L1 ≥50%

Pembrolizumab was the first drug approved for the 
treatment of patients with high PD-L1 expression (39). 
In October 2016, the FDA approved its use as a first-line 
monotherapy for NSCLC cases with PD-L1 expression 
≥50%. This approval was based on the results of the 
KEYNOTE-024 (NCT02142738) study (40), which 
evaluated the efficacy of pembrolizumab versus platinum-
based CT as first-line treatments for NSCLC with PD-
L1 ≥50%. The pembrolizumab group had a PFS of  
10.3 months compared to 6 months for the CT group [HR 
=0.50 (95% CI: 0.37–0.68)]. The ORR was 44.8% in the 
pembrolizumab group versus 27.8% in the CT group (41).

In May 2020, atezolizumab became the second drug to 
be approved as a monotherapy treatment for NSCLC with 
PD-L1 ≥50%. The IMpower110 study (NCT02409342) 
compared atezolizumab with standard CT in NSCLC 
patients with PD-L1 ≥1% (42). Of patients with PD-
L1 ≥50%, those in the atezolizumab group had a PFS of  
8.1 months compared to 5 months in the CT-only group 
[HR =0.63 (95% CI: 0.45–0.88)]. The ORR in the 
atezolizumab group was 38.3% compared to 28.6% in the 
CT-only group. In February 2021, Cemiplimab became the 
most recent drug to be approved as a monotherapy treatment 
for NSCLC with PD-L1 ≥50%, following the results of the 
EMPOWER-Lung 1 trial (NCT03088540) (43). This trial 
compared cemiplimab monotherapy with standard CT in 

patients with NSCLC and PD-L1 ≥50%. In the cemiplimab 
group, PFS was 8.2 months compared to 5.7 months in the 
CT group [HR =0.54 (95% CI: 0.43–0.68)]. Furthermore, 
ORR was 39% in the cemiplimab group versus 20% in the 
CT group.

Therefore, there are currently three approved drugs 
(all monotherapies) for the first-line treatment of NSCLC 
with PD-L1 ≥50%: pembrolizumab, atezolizumab, and 
cemiplimab. Due to the burden of lung cancer, such patients 
require rapid treatment responses. The combination of CT 
and ICIs enables more rapid responses compared to ICIs 
alone. Therefore, for highly symptomatic patients with 
intermediate or low PD-L1 expressions, other regimens 
should be considered as first-line treatments.

First-line treatment for PD-L1 <50%

Currently, the combination of platinum-doublet CT 
treatment with pembrolizumab is the recommended first-
line treatment option for patients with PD-L1 <50%, 
barring specific contraindications or clinical suggestions 
where other treatment options may be more appropriate. 
The recommendation for this combination is based on two 
studies: KEYNOTE-189 and KEYNOTE-407 (44,45). 
The KEYNOTE-189 study evaluated the combination 
of 4 cycles of platinum-containing pembrolizumab and 
pemetrexed with subsequent maintenance pembrolizumab 
and pemetrexed maintenance versus standard first-line 
CT for non-squamous NSCLC, independent of PD-L1 
expression (46). The PFS of the pembrolizumab group 
was 8.8 months compared to 4.9 months in the control 
group [HR =0.52 (95% CI: 0.43–0.64)]. Median OS was 
not reached in the pembrolizumab group, while it was  
11.2 months in the control group [HR =0.49 (95% CI: 
0.38–0.64)]. The ORR was 47.6% in the pembrolizumab 
group versus 18.9% in the control group.

The KEYNOTE-407 used the same experimental 
design as the KEYNOTE-189 study but in patients with 
squamous NSCLC (47). The CT combination used was 
pembrolizumab plus paclitaxel or nab-paclitaxel and 
platinum, with subsequent pembrolizumab maintenance. 
The PFS of the pembrolizumab group was 6.4 months 
compared to 4.8 months in the placebo group [HR =0.56 
(95% CI: 0.45–0.70)]. In the pembrolizumab group, OS 
was 15.9 versus 11.3 months in the placebo group [HR 
=0.64 (95% CI: 0.49–0.85)]. The ORR rates were 57.9% 
and 38.4% in the pembrolizumab and placebo groups, 
respectively. Based on these results, the FDA approved the 
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use of a combination treatment of pembrolizumab plus 
CT as a first-line treatment in non-squamous NSCLC in 
August 2018 and for squamous tumors in October 2018.

Alternative treatments are available depending on 
the clinical and tumor characteristics of the patient. The 
IMpower150 study (NCT02366143) studied the efficacy of 
atezolizumab with platinum-doublet CT plus paclitaxel and 
bevacizumab, with subsequent atezolizumab and bevacizumab 
maintenance, as a first-line treatment for non-squamous 
NSCLC (48), regardless of PD-L1 expression. This 
treatment was compared with CT plus bevacizumab (49). In 
the atezolizumab group, OS in was 19.2 months compared 
to 14.7 months in the control group [HR =0.78 (95% 
CI: 0.64–0.96)]. PFS was 8.3 and 6.8 months [HR =0.62 
(95% CI: 0.52–0.74)] and ORR was 63.5% and 48% in the 
atezolizumab and control groups, respectively. Following 
this study, the combination of CT (platinum plus paclitaxel) 
plus bevacizumab plus atezolizumab was approved by the 
FDA in December 2018 for the first-line treatment of non-
squamous NSCLC.

Two cycles of nivolumab plus ipilimumab and CT is 
another first-line treatment option for NSCLC, as studied 
in the CheckMate 9LA clinical trial (NCT03215706) (50). 
This study demonstrated the superiority of a combined 
treatment approach using nivolumab and ipilimumab 
with CT, with subsequent nivolumab and ipilimumab 
maintenance compared with standard CT. Due to this study, 
the FDA approved this first-line treatment in May 2020 as 
a possible alternative to the combination of pembrolizumab 
with CT.

Second-line treatments

For patients who have not received first-line immunotherapy, 
second-l ine immunotherapy for  NSCLC may be 
considered (51). There are three drugs approved for this 
indication after progression to first line with platinum 
doublet, which are nivolumab, pembrolizumab, and 
atezolizumab (52). The first drug approved by the FDA 
for the treatment of NSCLC (squamous histology) 
in the second line after progression to platinum in 
March 2015 was nivolumab. The CheckMate 017 study 
(NCT01642004) showed superiority of nivolumab versus 
the docetaxel control group both in terms of OS (9.2 vs.  
6.0 months; HR =0.59, 95% CI: 0.44–0.79) and PFS 
(3.5 vs. 2.8 months, HR =0.62, 95% CI: 0.47–0.81) (53). 
Subsequently, in October 2015, the indication for non-
squamous tumors was extended due to the results of the 

CheckMate 057 study (which compared nivolumab versus 
docetaxel) (54). The study showed OS superiority of 
nivolumab versus docetaxel (12.2 vs. 9.4 months; HR 0.73, 
95% CI: 0.59–0.89). However, there was no improvement 
in terms of PFS (2.3 vs. 4.2 months).

In October 2016, pembrolizumab was approved as 
a second-line treatment for NSCLC with PD-L1 ≥1% 
following progression to platinum-based CT. The 
KEYNOTE-010 (NCT01905657) study investigated the 
efficacy of pembrolizumab versus docetaxel as second-line 
treatments following progression to platinum CT in tumors 
where PD-L1 ≥1% (55). Pembrolizumab was found to 
improve OS compared to CT alone. However, similar to 
the CheckMate 057 study, no improvement was observed 
regarding PFS. The most recent study in this area is the 
OAK clinical trial (56), which compared atezolizumab 
with docetaxel as second-line treatments for NSCLC, 
regardless of PD-L1 expression levels. OS was higher in 
the atezolizumab group OS for both PD-L1 negative and 
positive patients. Following this, the FDA approved the use 
of this indication in October 2016. The summary of the 
different clinical trials with immunotherapy in NSCLC is in 
the Table 2.

Novel ICIs

Current immune therapies under development for the 
treatment of NSCLC go far beyond those that target the 
classic receptors (PD-1, PD-L1, and CTLA-4). In most 
cases, resistance to these drugs develops over time. Current 
clinical trials are showing promising results regarding new 
drugs against different molecular targets (57) (Table 3).

Lymphocyte activation gene-3 (LAG-3)

LAG-3 is a type I transmembrane protein primarily 
activated in T, NK, B, and plasmacytoid dendritic cells. 
LAG-3 is structurally similar to CD4 receptors; however, 
it binds to the MHC type II complex with greater affinity 
than CD4. A study has demonstrated a relationship between 
the PD-1 receptor and LAG-3, with the elimination or 
blocking of both molecules inducing lymphocyte infiltration 
in tumors (58). Several clinical trials investigating the 
efficacy of anti-LAG-3 drugs in the treatment of NSCLC 
are currently underway. One of the main studies is the 
phase 2 trial NCT03625323, which is investigating 
the use of pembrolizumab plus the anti-LAG-3 drug 
IMP321 in patients with previously untreated metastatic  
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Table 2 Main clinical trials in immunotherapy to NSCLC with approved by the FDA

Trial Phase Stage Histology PD-L1 Trial design Results Approved by FDA

IMpower010 3 Adjuv IB–III NSCLC All Atezolizumab vs. 
placebo post-
surgery and CT

Follow 32.2 m (HR =0.66); 
DFS 74.5% vs. 61.0%  
(24 m) (II–IIIA and PD-L1 
≥1%)

Oct/21 stage II–III 
NSCLC PD-L1 ≥1%

CheckMate 816 3 Neoadj IB–IIIA NSCLC All Nivolumab + CT  
vs. CT

EFS 31.6 vs. 20.8 m; pCR 
24.0% vs. 2.2%

March 2022 stage 
IB–IIIA NSCLC all 
PD-L1

PACIFIC 3 Adjuv UR III NSCLC All Durvalumab vs. 
placebo post  
CT/RT

PFS 16.8 vs. 5.6 m; PFS 
44.2 vs. 27% (18 m)

Feb/18 UR stage III 
post CT/RT

KEYNOTE-024 3 Advanced 
stages (1L)

NSCLC PD-L1 
≥50%

Pembrolizumab vs. 
CT

PFS 10.3 vs. 6 m; ORR 
44.8% vs. 27.8%

Oct/16 1L advanced 
NSCLC PD-L1 
≥50%

IMpower110 3 Advanced 
stages (1L)

NSCLC PD-L1+ Atezolizumab vs. 
CT

PFS 8.1 vs. 5 m (PD-L1 
≥50%); ORR 38.3% vs. 
28.6%

May/20 1L 
advanced NSCLC 
PD-L1 ≥50%

EMPOWER-Lung 
1

3 Advanced 
stages (1L)

NSCLC All Cemiplimab vs. CT PFS 8.2 vs. 5.7 m  
(PD-L1 ≥50%); ORR 39% 
vs. 20%

Feb/21 1L advanced 
NSCLC PD-L1 
≥50%

KEYNOTE-189 3 Advanced 
stages (1L)

Non-Sq 
NSCLC

All Pembrolizumab + 
CT vs. CT

PFS 8.8 vs. 4.9 m;  
ORR 47.6% vs. 18.9%

August/18 1L 
advanced non-Sq 
NSCLC all PD-L1

KEYNOTE-407 3 Advanced 
stages (1L)

Sq NSCLC All Pembrolizumab + 
CT vs. CT

PFS 6.4 vs. 4.8 m;  
ORR 57.9 vs. 38.4%

Oct/18 1L advanced 
Sq NSCLC all  
PD-L1

IMpower150 3 Advanced 
stages (1L)

Non-Sq 
NSCLC

All Atezolizumab + CT 
vs. CT

PFS 8.3 vs. 6.8 m;  
ORR 63.5 vs. 48%

Dec/18 1L advanced 
non-Sq NSCLC all 
PD-L1

CheckMate9LA 3 Advanced 
stages (1L)

NSCLC All Nivolumab + 
ipilimumab + CT 
vs. CT

OS 14.1 vs. 10.7 m  
(HR =0.69: 0.55–0.87)

May/20 1L 
advanced NSCLC 
all PD-L1

CheckMate 017 3 Advanced 
stages (2L)

Sq NSCLC All Nivolumab vs. 
docetaxel

OS 9.2 vs. 6 m;  
PFS 3.5 vs. 2.8 m

March/2015 2L 
advanced NSCLC 
all PD-L1

CheckMate 057 3 Advanced 
stages (2L)

Non-Sq 
NSCLC

All Nivolumab vs. 
docetaxel

OS 12.2 vs. 9.4 m;  
PFS 2.3 vs. 4.2 m

Oct/2015 2L 
advanced NSCLC 
all PD-L1

KEYNOTE-010 3 Advanced 
stages (2L)

NSCLC PD-L1+ Pembrolizumab vs. 
docetaxel

OS 12.7 vs. 8.5 m;  
PFS 4.0 vs. 4.0 m

Oct/16 2L advanced 
NSCLC PD-L1 ≥1%

OAK 3 Advanced 
stages (2L)

NSCLC All Atezolizumab vs. 
docetaxel

OS 13.8 vs. 9.6  
(HR =0.73: 0.62–0.87)

Oct/16 2L advanced 
NSCLC all PD-L1

NSCLC, non-small cell lung cancer; FDA, Food and Drug Administration; adjuv, adjuvant; CT,  chemotherapy; DFS, disease-free survival; 
neoadj, neoadjuvant; EFS, event-free survival; pCR, pathological complete response; sq, squamous; UR, unresectable; RT, radiotherapy; 
PFS,  progression-free survival; 1L, first-line; ORR, objective response rate; OS, overall survival; 2L, second-line.
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Table 3 Main clinical trials in research on the new molecular targets of ICIs in NSCLC

Trial Phase Drug Trial design Stage and indication

NCT03625323 2 LAG-3: IMP321 (eftilagimod alpha) Pembrolizumab + IMP321 Untreated metastatic NSCLC

NCT04623775 2 LAG-3: BMS-986016 (relatlimab) Relatlimab + nivolumab + CT vs. 
nivolumab + CT

First line metastatic NSCLC

NCT04140500 1 LAG-3: RO7247669 Dose escalation study of bispecific 
antibody PD-1-LAG-3

Metastatic NSCLC

NCT03322540 2 IDO1: INCB024360 (epacadostat) Epacadostat + pembrolizumab vs. 
pembrolizumab

First line metastatic NSCLC and 
high levels of PD-L1

NCT04294810 3 TIGIT: MTIG7192A (tiragolumab) Tiragolumab + atezolizumab vs. 
atezolizumab

First line metastatic NSCLC with 
PD-L1 ≥50%

NCT04738487 3 TIGIT: MK-7684A (vibostolimab) Vibostolimab + pembrolizumab vs. 
pembrolizumab

Metastatic NSCLC with PD-L1 
≥1%

NCT03822351 2 NKG2A: IPH2201 (monalizumab) Durvalumab vs. durvalumab + 
oleclumab vs. durvalumab + 
monalizumab

Stage III NSCLC after treatment 
with CT/RT

CD73: MEDI-9447 (oleclumab)

NCT03381274 1/2 CD73: MEDI-9447 (oleclumab) Oleclumab + osimertinib vs. MEDI9447 
+ AZD4635

EGFRm NSCLC

NCT03549000 1 CD73: NZV930 NZV930 vs. NZV930 + PDR001 vs. 
NZV930 + NIR178 vs. NZV930 + 
PDR001 + NIR178

Metastatic NSCLC

NCT02475213 1 B7-H3: MGA271 (enoblituzumab) Enoblituzumab + pembrolizumab Metastatic NSCLC

NCT02381314 1 B7-H3: MGA271 (enoblituzumab) Enoblituzumab + ipilimumab Metastatic NSCLC

NCT03729596 1/2 B7-H3·: MGC018 MGC018 vs. MGC018 + retifanlimab Metastatic NSCLC

NCT04081688 1 CD27: CDX-1127 (varlimumab) Varlimumab + atezolizumab + SBRT Metastatic NSCLC

NCT03708328 1 TIM3: RO7121661 Dose escalation study of bispecific 
antibody PD-1/TIM3

Metastatic NSCLC

ICIs, immune checkpoint inhibitors; NSCLC, non-small cell lung cancer; LAG-3, lymphocyte activation gene-3; CT, chemotherapy; RT, 
radiotherapy.

NSCLC (59). The first results are expected at the end 
of 2023. NCT04623775 is another phase 2 trial that is 
evaluating the efficacy of the combination of the anti-
LAG-3 drug relatlimab with nivolumab plus CT as a first-
line treatment for NSCLC. The combination of relatlimab 
and nivolumab has already been by the FDA as an effective 
treatment for previously untreated advanced melanoma (60). 
Therefore, it is one of the more promising treatments 
currently being studied (61). The first results from this 
study are expected in 2024.

Indoleamine 2,3-dioxygenase 1 (IDO1)

IDO1 plays a critical role in regulating immune escape. The 
abnormal activation of IDO1 leads to lower tryptophan 

reserves in tumor microenvironments, resulting in a decrease 
in T cells. Several IDO1 inhibitors are at different stages of 
development (62). The most promising anti-IDO1 drug is 
epacadostat, which is a highly selective inhibitor of IDO1 
that decreases tryptophan metabolism (63). The phase 2 
KEYNOTE-654-05/ECHO-305-05 (NCT03322540) 
clinical trial is evaluating the efficacy of epacadostat with 
pembrolizumab as a first-line treatment for NSCLC with 
elevated PD-L1 levels (64).

T-cell immunoreceptor with IG and ITIM domains 
(TIGIT)

TIGIT is a receptor expressed on activated T cells, NK 
cells, and regulatory T cells (Tregs). Blocking both PD-1 
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and TIGIT has shown anti-tumor potential in animal 
models (65). The phase 2 CITYSCAPE trial compared 
the combination of anti-TIGIT drug tiragolumab and 
atezolizumab versus atezolizumab alone as a first-line 
treatment for NSCLC with PD-L1 ≥50% (66). The 
tiragolumab group showed improvement in PFS and 
ORR compared to the control group. A phase 3 clinical 
trial is currently underway to further validate these results 
(NCT04294810). Vibostolimab is another promising anti-
TIGIT drug. The phase 3 clinical trial NCT04738487 
is currently evaluating the combination of this drug with 
pembrolizumab as a first-line treatment for NSCLC 
patients with positive PD-L1 expression (67).

CD73

CD73, a lso known as  ecto-5'-nucleotidase,  i s  an 
enzyme expressed on multiple immune cells (68). The 
immunosuppressive functions of Treg cells depend on the 
expression of CD73 (69). Blocking this receptor leads to an 
increase in tumor response. One of the main clinical trials in 
this field is the phase 2 COAST study (NCT03822351) (70). 
This clinical trial is evaluating the efficacy of a combined 
regimen of oleclumab and durvalumab in patients with 
stage III NSCLC following treatment with CT/RT. 
The preliminary results of the study demonstrated an 
improvement in PFS compared to durvalumab monotherapy.

B7-H3

The B7–H3 receptor is also known as CD276. In patients 
with NSCLC, it has been shown to play a cooperative 
role in immune evasion alongside Treg cells (71). 
Different studies have assessed the role of this receptor 
in the treatment of NSCLC. The drug enoblituzumab 
is currently being studied in multiple phase 1 studies 
evaluating its efficacy in combination with pembrolizumab 
(NCT02475213) and ipilimumab (NCT02381314) (72).

There are many other molecules within the field of 
ICIs that have promise, such as those that act on the T-cell 
Immunoglobulin and mucin-domain containing-3 (TIM-
3) receptor (73), the NK Group 2 member A (NKG2A) 
molecule (74), and the V-domain immunoglobulin 
suppressor of T-cell activation (VISTA) (75). Trials 
assessing the efficacy of these molecules are currently 
underway. However, the results are expected to confirm 
that these drugs will play an important role in the further 
development of NSCLC treatment.

Discussion

In addition to the different molecules currently being 
investigated, there are different treatment combinations 
that involve ICIs and other molecules that may have 
potential future applications. Cell therapy with CAR-T cells 
could play a role in the treatment of NSCLC in the coming 
years (76). One of the most promising possible treatment 
combinations involves poly (ADP-ribose) polymerase 
(iPARP) inhibitors and ICIs. Cell damage induced by 
tobacco and other carcinogens leads to alterations in DNA 
repair pathways. These routes could be used for NSCLC 
treatment in combination with immunotherapy. Three 
clinical trials are currently evaluating the combination of 
ICIs with iPARP for the treatment of NSCLC. The first of 
these is the phase 3 KEYLYNK-006 clinical trial. This trial 
is evaluating the efficacy of maintenance pembrolizumab 
with olaparib following CT versus pembrolizumab and 
pemetrexed in non-squamous NSCLC (77). Another is 
the phase 3 KEYLYNK-008 trial that is investigating 
the efficacy of maintenance with pembrolizumab and 
olaparib versus pembrolizumab monotherapy in patients 
with squamous NSCLC (78). The latest of these studies 
is the phase 2 ORION clinical trial, which is evaluating 
the efficacy of post-CT maintenance with durvalumab and 
olaparib in NSCLC. These studies have demonstrated 
significant potential future. Based on preclinical model 
results, iPARP is expected to become a standard treatment 
for NSCLC tumors.

It is important to highlight the role of cell therapy with 
CAR-T cells in NSCLC. NSCLC has multiple different 
molecular targets which can be acted upon with targeted drugs, 
such as the epidermal growth factor receptor (EGFR) (79), 
the anaplastic lymphoma kinase (ALK), or the human 
epidermal growth factor receptor 2 (HER2). Using CAR-T 
cell infusions, these targets can be acted upon with much 
greater selectivity than current drug options (80). Due to 
the importance of these targets in the development and 
lifecycle of NSCLC, cell therapy is of particular importance 
in its treatment compared to other solid neoplasms.

Conclusions

In conclusion, immune therapy is the present and future 
of NSCLC treatment. Optimal NSCLC treatment is not 
currently possible without immunotherapy. New molecular 
targets will enable the resolution of the resistance problem 
that occurs with PD-1, PDL1, and CTLA-4 inhibitors, as 



Olivares-Hernández et al. Immunotherapy in NSCLC: from the present to the futurePage 12 of 15

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2023;11(10):354 | https://dx.doi.org/10.21037/atm-22-4218

well as responses and survival that were unimaginable in 
NSCLC patients a decade ago. The combination of these 
molecules with other drugs, such as iPARPs, will also play a 
key role in the future of NSCLC treatment.
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