
Page 1 of 10

© Annals of Translational Medicine. All rights reserved. Ann Transl Med 2016;4(14):268atm.amegroups.com

Review Article

Immunotherapy in non-small cell lung cancer: the clinical impact 
of immune response and targeting

Giannis Mountzios1, Helena Linardou2, Paris Kosmidis3

1Department of Medical Oncology, University of Athens School of Medicine, Athens, Greece; 21st Oncology Department, Metropolitan Hospital, 

Piraeus, Greece; 32nd Oncology Department, Hygeia Hospital, Athens, Greece

Contributions: (I) Conception and design: All authors; (II) Administrative support: None; (III) Provision of study materials or patients: None; (IV) 

Collection and assembly of data: G Mountzios; (V) Data analysis and interpretation: All authors; (VI) Manuscript writing: All authors; (VII) Final 

approval of manuscript: All authors.

Correspondence to: Giannis Mountzios. Riga Ferraiou 38, Neo Psyxiko, Athens, Greece. Email: gmountzios@gmail.com.

Abstract: Non-small cell lung cancer (NSCLC) remains the leading cause of cancer-related death worldwide. 

In recent years, through a better understanding of the interactions between the immune system and tumor cells 

(TC), immunotherapy has emerged as a promising therapeutic strategy. Chemotherapy has long been reported to 

interfere with the immune response to the tumor and conversely, anti-tumor immunity may add to those effects. 

Anti-tumor vaccines, such as MAGE-A3, Tecetomide, TG4010, CIMAvax, tumor cell vaccines and dendritic cell 

(DC) vaccines emerged as potent inducers of the immune response against the tumor. More recently the approval of 

the anti-programmed cell death 1 (anti-PD-1) monoclonal antibodies nivolumab and pembrolizumab for previously 

treated advanced squamous and non-squamous NSCLC, as well as other immune checkpoint inhibitors delivering 

promising results, has radically transformed the therapeutic landscape of NSCLC. Combination strategies now 

appear as the next step. Notwithstanding these successes, immunotherapy still holds significant drawbacks and 

currently several improvements are needed before routine use in clinical practice, including identification of robust 

biomarkers for optimal patient selection, as well as defining the best way to evaluate response.
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Introduction

Lung cancer is one of the most commonly diagnosed 
malignancies in the world, with 1.8 million new cases 
in 2012, corresponding to a 12.9% of the global cancer 
incidence (1). Non-small cell lung cancer (NSCLC) 
accounts for approximately 85% of all cases (2) and is 
diagnosed as locally advanced or metastatic at presentation 
in 70% of patients (3). For patients with advanced-stage 
NSCLC, chemotherapy with a platinum-doublet offers 
a median overall survival (OS) of 10 months (4). Recent 
introduction of molecularly targeted therapies in metastatic 
disease resulted in clinically meaningful OS improvements, 
but only in selected patients whose tumors exhibit specific 
oncogene addiction (5). Therefore, even with the latest 
advances, lung cancer remains a disease with dismal 

prognosis, and novel therapies with innovative mechanisms 
of action are urgently needed.

Immunotherapy refers to a broad class of treatment 
modalities designed to elicit immune-mediated destruction 
of tumor cells (TC) (6). Immunotherapy’s encouraging 
results in other human malignancies hold promise for 
lung neoplasms, which are considered to be particularly 
immunogenic and especially those of squamous-cell 
histology (7). Herein, we aim to provide a comprehensive 
review about the current understanding of the role of 
immunotherapy in NSCLC.

General principles

The aim of immunotherapy is to specifically enhance 
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the immune response directed to the tumor. It can 
be divided into two approaches: active and passive 
immunotherapy. Passive immunotherapy uses in vitro 
synthesized immunologic effectors, such as cytokines or 
immunomodulating monoclonal antibodies, whereas active 
immunotherapy aims to stimulate immune cells (IC) in vivo, 
using IC or mediators capable of activating the immune 
system, such as antitumor vaccines or cellular therapies (8). 
A list of currently used investigational immunotherapies for 
lung cancer is provided in the following sections. 

Cytokines

The first immunotherapies developed for NSCLC were 
recombinant cytokines, namely those secreted by Th1 cells, 
like interleukin (IL)-2 and interferon (IFN). Initial phase 
II trials were not indicative of clinical benefit for human 
recombinant IL-2 administration (with or without IFN) (9). In 
fact, therapy was not well-tolerated, yielding grade 3–4 cardiac 
and pulmonary toxicity. A subsequent phase II trial by Correale 
et al. showed that the addition of IL-2 to chemotherapy 
(gemcitabine plus docetaxel) in patients with advanced 
NSCLC improved response rates (58.3% vs. 28.6%) with good 
tolerability (10). However, these findings were not replicated 
in a phase III randomized trial of IL-2 in combination with 
chemotherapy with a cisplatin doublet (11). These results were 
further challenged by a subsequent study reporting a 20% 
partial response and 50% stable disease among 20 advanced 
NSCLC patients when IL-2 was administered with the pineal 
neuro-hormone melatonin (12). 

Antitumor vaccines

Antitumor vaccines use the patient’s own immune-surveillance 
mechanism to induce immune responses against the tumor. 
This is achieved through the administration of immunogenic 
tumor-associated antigens or cells in conjunction with an 
immunoadjuvant that potentiates the immune response. 

MAGE-A3 vaccine

MAGE-A3 is a protein almost exclusively expressed by 
malignant cells (the only normal tissues that express it are 
the testis and the placenta) and has been documented in 35–
50% of NSCLCs (13). In a phase II trial Vansteenkiste et al. 
randomized 182 completely-resected, MAGE-A3 positive, 
stage Ib/II NSCLC patients to receive the MAGE-A3 
vaccine versus placebo (2:1) (14). There was a 25% relative 

risk for relapse reduction after a median post-resection 
period of 44 months, but with non-significant benefits for 
OS or progression-free survival (PFS) (14). A phase III 
study is currently underway.

Tecetomide

Tecetomide (L-BLP25) is a liposomal vaccine with the 
exposed peptide core of mucin 1 (MUC1) (8), which is 
overexpressed by 86% of lung adenocarcinomas (9). A phase 
II trial randomized 171 patients with stable/responding 
stage IIIB/IV NSCLC after any first-line chemotherapy to 
receive maintenance therapy with tecetomide (enhanced 
with one single dose of cyclophosphamide) versus best 
supportive care (BSC) (15). An updated survival analysis 
showed a significant increase in median 3-year OS (31% vs. 
17%, P=0.035), with the greatest difference seen in patients 
with stage IIIB locoregional disease (16).

In a recently published phase III trial (START), 1,513 
patients with unresectable NSCLC, previously responding/
stable to chemoradiotherapy, were randomized (2:1) 
to receive tecetomide versus placebo. Median OS was 
significantly improved by tecetomide in patients who 
previously received sequential chemoradiotherapy (30.8 
vs. 20.6 months, P=0.012), but not in those who received 
concurrent chemoradiotherapy (17). However, results are 
still premature for the clinical practice. 

CIMAvax vaccine

EGFR-targeted therapies (e.g., gefitinib and erlotinib) 
have shown significant results in NSCLC, thus a vaccine 
therapy targeting EGF has been developed. CIMAvax 
contains human recombinant EGF conjugated to the P64K 
Neisseria meningitidis’ carrier protein. It was developed 
in Cuba and has been tested thoroughly in phase I/II 
trials (9). Particularly, Neninger et al. (18) (a phase II trial) 
randomized 80 stage IIIb/IV NSCLC patients to receive 
either CIMAvax or BSC after first-line chemotherapy 
completion. A non-significant trend towards better OS with 
CIMAvax was observed (12.7 vs. 8.5 months). CimAvax 
is approved in Cuba, Venezuela and Peru for 2nd line 
treatment of advanced NSCLC (9,13). A phase III study is 
being carried out outside the United States.

Ganglioside vaccines

One of the earliest attempts for an antitumoral vaccine 
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against NSCLC used the GD3 ganglioside as antigen and 
the bacille Calmette-Guérin (BCG) as immunoadjuvant. 
Following a very promising pilot study (19), this BEC2/
BCG vaccine didn’t demonstrate a survival or quality of life 
benefit in a phase III trial with 515 patients conducted by 
the European Organization for the Research and Treatment 
of Cancer (EORTC 08971-08971B; Silva Study) (20).

A similar vaccine, named racotumomab, consists of a 
monoclonal antibody (mAb) that mimics gangliosides with 
a glycosilation pattern almost exclusive of neoplastic cells. 
Racotumomab was given to 71 patients with NSCLC in a 
compassionate use study. The 1-year survival rate was 34% 
and the OS was 9.9 months (21). Recently, a phase III trial 
showed a higher median OS of 8.2 months when compared 
to placebo (6.8 months), P=0.004 (22). 

Tumor cell vaccines

Tumor cell vaccines consist of malignant cells harvested 
from a patient’s tumor, which are subsequently processed 
and administered to the same patient (autologous vaccines) 
or another patient (allogeneic vaccines) in order to stimulate 
cytotoxic immune responses to a similar tumor cell type. 

An autologous vaccine, named GVAX, was isolated 
from 49 NSCLC patients in a phase I/II trial. Seven 
patients experienced stable disease during 12 weeks or 
more following first vaccination, but no patients attained a 
remission (complete or partial) (23).

Belangenpumatucel-L, on the other hand, is an 
allogeneic vaccine that targets transforming growth 
factor β2 (TGF-β2). It is produced from four NSCLC 
cell lines by transfecting them with a plasmid vector with 
the TGF-β2 gene (8). A phase II trial by Nemunaitis et al. 
randomized 75 patients with stage II/III/IV NSCLC (1:1:1) 
to receive Belangenpumatucel-L in different doses. OS was 
significantly better in the low-dose than in the high-dose 
cohorts (581 vs. 282 days, respectively). A partial response 
was reported in 15% of the patients (24).

Dendritic cell (DC) vaccines

DC-based vaccines work by administering activated 
autologous DCs to the patient, producing a specific 
immune response against cancer cells. In a phase III trial, 
a significantly lower recurrence rate was demonstrated in 
patients treated with surgery and an adjuvant DC vaccine 
than in patients treated with surgery alone (10% vs. 25%, 
respectively) (25). 

NK cell-related therapies

NSCLC cells evade natural killer cells (NKCs) by 
expressing certain killer cell immunoglobulin-like receptors 
(KIR) that inhibit killer cell action. Lirilumab is a fully 
human mAb specific against certain inhibitory KIRs. It 
has demonstrated efficacy in preclinical trials, when in 
combination with nivolumab (26). Phase I trials of lirilumab 
in combination with immune checkpoint-related mAbs 
(nivolumab and ipilimumab) are currently underway in solid 
tumors, including NSCLC patients.

Talactoferrin-a

Talactoferrin-α is a recombinant form of human lactoferrin 
that binds to the gut epithelium, stimulating the digestive 
mucosa DCs and thus, the immune system via activation of 
the immunosurveillance mechanism (27). Digumarti et al. 
showed that, when given in conjunction with carboplatin/
paclitaxel, talactoferrin-α increased response rates in stage 
IIIb/IV NSCLC patients when compared with placebo 
chemotherapy (47% vs. 29%, P=0.05) (28). Parikh et al. 
on the other hand, showed that oral talactoferrin-α in 
monotherapy significantly increased OS compared to 
placebo (6.1 vs. 3.7 months, one-tailed log-rank, P=0.040) 
in a randomized phase II trial (29). However, a recently 
reported randomized phase III trial (FORTIS-M trial) 
didn’t show a statistically significant benefit in OS, PFS or 
response rate for talactoferrin-α compared to placebo (27). 

Checkpoint inhibitors in NSCLC

Anti-cytotoxic lymphocyte antigen 4 (CTLA-4) blockade

CTLA-4 blockade has been used either as monotherapy, or 
in the context of a chemo-immunotherapy approach that 
combines the cytotoxic effects of chemotherapy with agents 
modulating the host immune response to the tumor. The 
hypothesis behind this combination is that tumor cell death 
triggered by chemotherapy provokes the release of tumor 
antigens and the subsequent immune response synergizes 
with and contributes to the success of the cytotoxic 
treatment (13). As a proof of this concept, in preclinical 
mouse models, CTLA-4 blockade in combination with 
various chemotherapeutic agents exhibited a synergistic 
effect that induced tumor regression and elicited prolonged 
anti-tumor responses (12). 

Ipilimumab (Yervoy®, Bristol-Myer-Squibb) is a 
fully humanized mAb against the CTLA-4 epitope that 
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Figure 1 Cancer cells interactions with their microenvironment’s immune system. APC, antigen-presenting cell; CTL, cytotoxic T 
lymphocyte; IDO, indoleamine 2,3-dioxygenase; MDSC, myeloid-derived suppressor cell; PNT, peroxynitrite; TCR, T-cell receptor; 
MHC, major histocompatibility complex; PD-L1, programmed feath ligand 1; TGF-β, transforming growth factor-beta; VEGF, vascular 
endothelial growth factor.

neutralizes the receptor, thus enabling cytotoxic T cell 
activity and perpetuating immune responses (Figure 1). It was 
first approved for the treatment of metastatic melanoma (13)  
and is now under clinical development in a number of 
solid tumors, including NSCLC. A randomized phase II 
study (30) evaluated the combination of ipilimumab with 
standard chemotherapy, by randomly assigning 204 patients 
with stage IIIB/IV NSCLC in a 1:1:1 ratio to receive a 
“concurrent” ipilimumab regimen (four doses of ipilimumab 
3 mg/kg plus carboplatin/paclitaxel followed by two doses of 
placebo plus carboplatin/paclitaxel), a “phased” ipilimumab 
regimen (two doses of placebo plus carboplatin/paclitaxel 
followed by four doses of ipilimumab plus carboplatin/
paclitaxel), or a control regimen, comprising up to six cycles 
of carboplatin/paclitaxel plus placebo. Patients who tolerated 
the treatment and had no evidence of progression were 
allowed to receive either ipilimumab or placebo for another 
12 weeks (four cycles). The primary end-point of the study, 
immune-related progression-free survival (irPFS), was met 
only for the phased ipilimumab versus the control arm 
[hazard ratio (HR) =0.72; P=0.05] but not for concurrent 
ipilimumab (HR =0.81; P=0.13). The median irPFS was 5.7, 
5.5 and 4.6 months for the phased, concurrent and control 
arms, respectively. The rates of grade 3 and 4 immune-
related AEs were 15%, 20% and 6%, respectively, with two 

treatment-related deaths reported (one in the concurrent 
and one in the control arm). A striking element of the study 
was that immune-related objective response rate (ORR) was 
nearly doubled in patients treated with phased ipilimumab, 
as compared to those treated with chemotherapy alone (32% 
vs. 18%, respectively) (30). Based on these encouraging 
results, two phase III trials are currently investigating 
the phased ipilimumab combination against standard 
chemotherapy (NCT01285609 and NCT02279732).

Tremelimumab is another fully human IgG2 mAb against 
CTLA-4, which is currently in phase III development 
for malignant melanoma and mesothelioma (31). In a 
randomized phase II study in 87 patients with pre-treated 
locally advanced or metastatic NSCLC, PFS at 3 months 
was not significantly improved by tremelimumab, as 
compared to BSC (32). Currently, tremelimumab is being 
evaluated in combination with other immunotherapies, such 
as MEDI4736 and gefitinib (NCT02040064).

Anti-programmed cell death 1 (PD-1) monoclonal 
antibodies

Nivolumab 
Nivolumab is a fully human IgG4 mAb against the 
programmed death receptor 1 (PD-1) (Figure 1). In the 

Tumor cell

PD-L1

PD-L1 CTLA-4

PD-1
TCR

MHC
CD28

CD80
OR CD86

CTL

APC

TGF-β
VEGF
IDO

Reduced antigen 
expression

Late-stage inhibition
or apoptosis

Naive or 
memory 
T cell

Early-stage
inhibition

NO
O2

PNT

MDSC

T-reg



Annals of Translational Medicine, Vol 4, No 14 July 2016 Page 5 of 10

© Annals of Translational Medicine. All rights reserved. Ann Transl Med 2016;4(14):268atm.amegroups.com

initial phase I trials with anti-PD-1 antibodies, durable 
responses and disease stabilization were reported in patients 
with NSCLC. The pivotal phase I dose-escalation and 
expansion trial assessed the efficacy and safety of nivolumab 
in various tumor groups (33). A total of 296 patients were 
recruited, including patients with NSCLC, melanoma, 
renal cell cancer, colorectal cancer and prostate cancer. 
Nivolumab was given intravenously at doses ranging from 
0.1 to 10.0 mg/kg every 2 weeks in 8-week cycles. Of note, 
a maximum tolerated dose (MTD) was not reached due to 
the very good toxicity profile of this agent. Among the 129 
patients with NSCLC (57% with non-squamous histology) 
who were heavily pre-treated (54% had received ≥3 prior 
lines), ORR across all doses was 17% and the median OS 
was 14.9 months for the 3 mg/kg dose. Across all dose 
levels, 1-, 2- and 3-year survival rates were 42%, 24% and 
18%, respectively. Notably, the 1-, 2- and 3-year survival 
rates for the 3 mg/kg dose were 56%, 42% and 27%, 
respectively and median duration of response (DOR) was 
17 months, which was very promising. The rate of grade 3–4 
treatment-related AEs was 14%. Selected treatment-related 
AEs (any grade) were observed in 41% of the patients with 
most common being skin (16%), gastrointestinal (12%) and 
pulmonary events (7%). 

Following these results, a single arm phase 2 study was 
conducted (CheckMate 063); 117 pre-treated patients with 
advanced squamous NSCLC received nivolumab 3 mg/kg 
every 2 weeks until PD or intolerable toxicity (34). The 
primary endpoint of the study was ORR by independent 
review, which reached 14.5%. Median DOR was not 
reached [95% confidence interval (CI) 8.31-not applicable] 
and median PFS and OS were 1.9 and 8.2 months, 
respectively with a 1-year OS rate of 40.8%. Subsequently, 
two large phase 3 randomized studies have evaluated 
nivolumab vs. docetaxel in previously treated advanced 
squamous (CheckMate 017) (35) and non-squamous 
(CheckMate 057) (36) patients. Treatment was given until 
progressive disease, intolerable toxicity or withdrawal of 
consent. In the CheckMate 017 study, nivolumab at the dose 
of 3 mg/kg, compared with docetaxel, showed a statistically 
and clinically significant prolongation of median OS by  
3.2 months (9.2 vs. 6.0 months, P<0.001), with a relative 
41% reduction in the risk of  death.  Median PFS  
(3.5 vs. 2.8 months, P<0.001), ORR (20% vs. 9%, P=0.008) 
and 1-year OS rate (42% vs. 24%) were also superior in the 
nivolumab arm. Interestingly, the expression of the PD-1 
ligand across all prespecified expression cut-offs (1%, 5%, 
and 10%), as measured by immunohistochemistry on the 

tumor-cell membrane, was neither prognostic nor predictive 
for nivolumab efficacy (35). The positive preliminary results 
of this trial have already led to the accelerated approval of 
nivolumab by the U.S. Food and Drug Administration in 
March 2015, for 2nd line treatment of advanced/metastatic 
NSCLC of squamous histology that has progressed on or 
after platinum-based chemotherapy.

The phase III randomized CheckMate 057 trial in non-
squamous lung histology, was also stopped after an interim 
analysis (36). The median DOR was 17.2 and 5.6 months  
for nivolumab and docetaxel, respectively. At the time 
of data cut-off, 52% of the patients in the nivolumab 
arm had ongoing response, while 78% of the patients 
had quantifiable programmed death ligand 1 (PD-L1) 
expression. For PD-L1+ tumors, there was an increment 
in ORR and OS for all three cut-off points, whilst for 
PD-L1− tumors there was no difference in OS. PD-L1 
expression was also predictive for higher responses (range, 
31–37%) in the nivolumab arm. Treatment related AEs 
were more frequent in the docetaxel arm (any grade: 88% 
vs. 69%; grade 3–4: 54% vs. 10%). The rate of pneumonitis 
in the nivolumab arm was 3% (grade 3–4: 1%). Further 
trials are ongoing to evaluate nivolumab versus standard 
chemotherapy (NCT01642004 and NCT02041533), in 
combination with chemotherapy (NCT01454102), or as a 
single agent in a pre-treated population (NCT02066636 
and NCT02409368).

Pembrolizumab (MK-3475) 
Pembrolizumab, a humanized IgG4 mAb against PD-1, was 
investigated in a large phase I dose-finding study at doses 
of 2 mg/kg, 10 mg/kg 3-weekly or 10 mg/kg bi-weekly, 
across several cohorts of pre-treated and treatment-naïve  
patients (37). PD-L1 expression was evaluated by IHC on 
a fresh biopsy sample and only patients with membranous 
staining ≥1% were eligible. Four hundred and ninety-
five patients with NSCLC were allocated to a training 
group (n=182) or a validation group (n=313). Patients were 
assessed every 9 weeks until there was confirmed disease 
progression as per immune-related response criteria (irRC), 
unacceptable toxicity, or withdrawal of consent. In the 
overall population, the ORR, PFS and OS were 19.4%, 3.7 
and 12 months, respectively. From the training set, a cut-
off point of PD-L1 expression of ≥50% of cells (proportion 
score) was identified and was subsequently assessed in the 
validation set. Patients with a proportion score of at least 
50% (approximately 23% of the evaluable patients) had a 
higher ORR and longer PFS, OS and DOR compared to 
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the proportion score groups of <1% or 1–49%.
Seventy percent of the patients experienced drug-related 

AEs (9.5% grade ≥3). The most common side effects were 
fatigue (19.4%), pruritus (10.7%) and appetite loss (10.5%). 
Any grade and grade ≥3 pneumonitis were observed in 3.6% 
and 1.8% of the patients, respectively (37). Randomized 
phase III studies of pembrolizumab monotherapy versus 
standard chemotherapy are planned or ongoing in the first- 
and second-line settings for patients with PD-L1+ NSCLC 
(NCT02220894 and NCT01905657).

Anti-PD-L1 monoclonal antibodies

Atezolizumab (MPDL3280A)
Atezolizumab (formerly known as MPDL3280A) is a mAb 
that targets PD-L1 and B7.1, expressed on TC. It has shown 
promising activity in several neoplasms related to tobacco 
smoking, such as urothelial bladder cancer. By preventing the 
blockade of the PD-1/PD-L2 interaction, such antibodies 
may have a favorable toxicity profile compared with anti-
CTLA-4 or anti-PD-1 antibodies. Initial reports from an 
interim analysis of a phase I expansion study (POPLAR) (38) 
in pre-treated patients with SqCC and non-SqCC receiving 
atezolizumab, showed an ORR of 24% and 24-week PFS 
reaching 48%. The incidence of all grade 3/4 adverse events 
was 34%. There was a clear difference in ORR according to 
the PD-L1 status expression, with 100% ORR observed in 
tumors being PD-L1 positive and 15% ORR in patients with 
PD-L1 negative tumors. These results led to a breakthrough 

therapy designation granted to atezolizumab for the treatment 
of PD-L1 positive NSCLC patients who progressed during 
or after standard treatments. Of note, PD-L1 expression was 
evaluated on both tumor and infiltrating IC.

Results of the interim analysis from a phase II trial 
evaluating atezolizumab vs. docetaxel as second- or third-
line treatment have recently been presented (38). This study 
assessed PD-L1 expression on both TC and infiltrating 
IC on archival or fresh tissue. In the ITT population, OS 
was numerically longer for the atezolizumab arm (11.5 
vs. 9.5 months, HR =0.77, P=0.11). Improved efficacy 
was observed with increasing PD-L1 expression (Table 1). 
Median DOR was not reached and was 7.8 months for the 
atezolizumab and docetaxel arms, respectively. Toxicity 
was higher in the docetaxel arm: treatment related AEs 
(88% vs. 67%) and grade 3–4 treatment related AEs (39% 
vs. 12%) but there was no difference in toxic death rates 
(4% in both arms). Several trials are currently ongoing to 
evaluate atezolizumab in pre-treated advanced NSCLC 
(NCT01846416) or in the first-line setting (NCT02409342, 
NCT02367781 and NCT02367794)

Durvalumab (MEDI4736)
Durvalumab (previously known as MEDI4736) is an 
engineered human IgG1 mAb against PD-L1, which has 
been tested in a phase I/II study in several tumor types (38). 
Durvalumab was administered at a dose of 10 mg/kg iv every 
2 weeks until PD, unacceptable toxicity or up to 12 months. 
Two hundred and twenty-eight advanced NSCLC patients 

Table 1 Main checkpoint inhibitors in clinical development in NSCLC

Target Agent Type Producer Clinical stage

PD-1 Nivolumab BMS-936558 Fully human IgG4 mAb Bristol-Myers Squibb Approved

Pembrolizumab MK-3475 Humanized IgG4 mAb Merck Approved

Pidilizumab CT-011 Humanized IgG1 mAb CureTech Phase II

PDR001 Humanized IgG4 mAb Novartis Phase II

AMP-224 Recombinant PD-L2-Fc fusion protein GlaxoSmithKline Phase I

MEDI-0680 Humanized IgG4 mAb Medimmune-AZ Phase I

REGN2810 Humanized IgG4 mAb Regeneron/Sanofi Phase I

PD-L1 Durvalumab MedI4736 Engineered human IgG1 mAb MedImmune-AZ Phase III

Atezolizumab MPDL3280A Engineered human IgG1 mAb Genentech Phase III

Avelumab MSB0010718C Engineered human IgG1 mAb EMD Serono Phase III

BMS-936559 Fully human IgG4 mAb Bristol-Myers Squibb Phase II
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(126 non-squamous and 102 squamous) have been included 
in this study (39). Drug-related AEs were reported in 50% 
(grade 3–4: 8%) of the patients; most commonly fatigue, 
decreased appetite and nausea. Grade 3–4 drug-related 
AEs were reported in 8% of the patients and there were 
no toxic deaths. Pneumonitis (grade 1–2) occurred in 1% 
of the patients. ORR was 16% (27% in PD-L1+), and 
disease control rate (DCR) at 12 weeks was 42%. ORR was 
21% and 13% for squamous and non-squamous histology, 
respectively. Sixty-six percent of the patients had ongoing 
responses (DoR range, 0.1+ to 54.4+ weeks). According to 
preliminary OS data, patients with PD-L1+ tumors have 
longer OS than patients with PD-L1− tumors. Further trials 
are currently ongoing (NCT02087423, NCT02273375, 
NCT02125461 and NCT02352948).

Immunotherapy combinations and future 
challenges

The combination of drugs acting through different 
mechanisms to inhibit/enhance the same process is the 
basis for immunotherapeutic combinations with synergistic 
effect. A study in mice showed that, when compared to 
single checkpoint inhibition, double blockade increased the 
proliferation of cluster of differentiation (CD)8+ and CD4+ 
T cells, cytokine release, signalling molecules critical for 
T cell function and inhibition of regulatory T lymphocyte 
(Treg) cell suppressive functions (40). 

The CA209-012 study was a phase I study comparing 
n i v o l u m a b  a s  m o n o t h e r a p y  o r  c o m b i n e d  w i t h 
chemotherapy, targeted therapy, or ipilimumab in patients 
with NSCLC (NCT01454102). Interim results of the 
first-line combination of nivolumab and ipilimumab were 
presented at the ASCO annual meeting in 2014 (41). The 
first arm received nivolumab 1 mg/kg and ipilimumab  
3 mg/kg and the second arm was given nivolumab 3 mg/kg 
and ipilimumab 1 mg/kg, for four cycles. Both arms then 
received nivolumab 3 mg/kg until disease progression or 
unacceptable toxicity. ORR was 11% and 13% (for patients 
in the first arm with squamous and non-squamous histology, 
respectively) and 33% and 13% for the corresponding 
groups of patients in the second arm. Grade 3–4 AEs were 
reported in 49% of the patients across both arms. The most 
common serious AEs were pneumonitis, diarrhea, colitis 
and elevated AST and ALT enzymes. Three of the 49 
patients enrolled died of drug-related toxicities (41).

Ipilimumab is also being studied in combination with anti-
PD-1 and anti-PD-L1 antibodies: with pembrolizumab as one 

of the experimental cohorts in the KEYNOTE-021 study 
(NCT02039674) and with atezolizumab (NCT02174172). 
Tremelimumab is currently being evaluated in combination 
with durvalumab for advanced NSCLC (NCT02000947, 
NCT02453282 and NCT02352948) 

Immunotherapy for lung cancer in the adjuvant 
setting

Adjuvant therapy in early lung cancer stages is now the 
standard of care; however, still more than 40% of the 
patients will relapse and die from metastatic disease. 
Therefore, novel strategies, such as immunotherapy, are 
being investigated in the adjuvant setting, in an attempt 
to eliminate micro metastatic disease post-resection. 
Among several vaccination strategies that have been 
studied in the past, MAGE-A3 is an antigen-specific cancer 
immunotherapy that has been investigated in a large 
adjuvant program for lung cancer. An initial randomized 
placebo-controlled phase II study (14) in 182 patients with 
completely resected NSCLC expressing the MAGE-A3 
gene investigated the MAGE-A3 vaccine and resulted in 
a favorable profile for the vaccine over placebo. This led 
to a phase III trial, the MAGE-A3 as Adjuvant Non-Small 
Cell LunG CanceR ImmunoTherapy (MAGRIT) trial; 
the largest ever phase III lung cancer adjuvant trial with 
a vaccine for MAGE-A3 expressing, stage IB, II and IIIA 
NSCLC. The study was initiated in 2007 and enrolled 2,270 
patients from 400 centers in 33 countries. In April 2014 
the study was prematurely discontinued because it failed to 
meet its primary endpoint, as it did not show any significant 
differences in DFS between the MAGE-A3 vaccinated 
patients versus those on placebo (14). Several other smaller 
immunotherapy attempts have also failed in the adjuvant 
setting and more recently a small randomized, controlled 
phase III study from Japan was presented at the 2015 World 
Conference on Lung Cancer in Denver, (abstract 04.01), 
with adjuvant chemo-immunotherapy showing improved 
survival rates for patients with NSCLC, compared to 
adjuvant chemotherapy alone. Immunotherapy, in this 
small but innovative study, comprised adoptive transfer 
of autologous activated killer T cells and DCs from the 
patients’ regional lymph nodes (42).

Current challenges in lung cancer 
immunotherapy

One of the “hottest” topics in lung cancer immunotherapy 
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concerns biomarkers for these newly developed drugs 
(24,43). Biomarker research has increasingly been identified 
as one of the main challenges in cancer immunotherapy (44). 
PD-1 and immunohistochemical PD-L1 expression have 
been proposed as potential biomarkers for anti-PD-1/
PD-L1 activity although they are far from being optimal, 
since a substantial number of patients with “negative” 
immunohistochemistry still derive clinical benefit from 
these agents.

Another concern relates to the definition of response to 
therapy. Ipilimumab investigation in melanoma showed that 
in certain cases, immunotherapy response patterns were 
dissimilar from those of standard therapies, even though there 
was indeed a response to treatment (12,13). By promoting 
lymphocyte infiltration and inflammatory edema in the 
tumor, ipilimumab may transiently increase the lesion size, 
while maintaining anti-tumoral efficacy. Also, tumor growth 
continues as the immune response takes time to develop. 
Response Evaluation Criteria in Solid Tumors (RECIST) 
are, therefore, not fully adequate to measure responses to 
ipilimumab. The irRC have been developed to fill this gap. 
In irRC, the patient’s total tumor burden is calculated and 
used as baseline for future comparative imaging (12).

Furthermore, we need to define the optimal setting for 
use of lung cancer immunotherapy: in the adjuvant setting, 
in first-line, at relapse, or as consolidation or maintenance. 
The optimal duration of immunotherapy is also another 
unanswered question. 

The introduction of a new therapeutic modality for lung 
cancer requires the identification and understanding of the 
unique side effects that the new immunotherapy agents 
have. Immune-related toxicities are well recognized, with 
both PD-1/PD-L1 inhibitors and CTLA-4 antibodies, with 
different rates and severities observed between the two classes 
of drugs. Vigilance is required for the early assessment and 
management of specific toxicities in lung cancer patients.

Finally, immunotherapies that exert effects through 
distinct pathways may act synergistically and a trial with 
concomitant ipilimumab and nivolumab is currently 
underway for NSCLC. The proper way to combine 
these novel immunotherapies with the standard available 
therapeutic modalities for cancer, such as chemotherapy, 
targeted therapy, radiotherapy and surgery, is a matter of 
ongoing research. 

Conclusions

Immunotherapy for lung cancer treatment is now a 

reality (10,13). Monoclonal antibodies targeting immune 
checkpoints and anti-tumor vaccines are, at present, the 
most promising components of this therapeutic strategy. 
Clinical investigation in the field is intense and novel 
drugs are being rapidly developed and tested. Important 
clinical trials are currently ongoing in the second and first-
line settings. Their results are eagerly awaited, in order to 
appropriately position immunotherapy in the lung cancer 
therapeutic algorithm: alone or in combination with other 
existing treatment modalities. A deeper understanding of 
the underlying mechanisms of lung cancer immunology, 
a better definition of the clinical response criteria and the 
identification of robust biomarkers would certainly be the 
hallmarks of this exciting field.
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