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Introduction

Lung cancer is the second most frequent malignancy 
worldwide after non-melanocytic skin cancer (1). Among 
the male population, during 2012, lung cancer was the 
second tumor in incidence and the first in mortality. In this 
same year, among the female population, lung cancer was 
the third malignancy in incidence after breast and colorectal 
cancer and the second in mortality (2). Considering all lung 
malignancies, the majority of the cases (almost 85%) are 
classified as non-small cell lung cancer (NSCLC).

Depending on the stage and on the performance status 
(PS), different modalities of treatment may be used to 
treat lung cancer. For non-metastatic resectable NSCLC 
patients, the standard of care is surgery followed or not by 
adjuvant chemotherapy (3). For resectable stage III A and 
unresectable non-metastatic disease chemoradiation is a 
treatment option that addresses a curative intention too (4).  
In 2017, a phase III clinical trial showing the benefit 
of Durvalumab was published. This trial (Pacific trial) 
included patients with stage III NSCLC who did not have 
disease progression after two or more cycles of platinum-
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based chemoradiotherapy (5). The median progression-
free survival (PFS) was 16.8 months [95% confidence 
interval (CI), 13.0–18.1] for the Durvalumab arm versus 
5.6 months (95% CI, 4.6–7.8) for placebo. Based on this 
data, Durvalumab, as adjuvant treatment, was the first 
immunotherapy drug to be approved after definitive 
chemoradiation in non-metastatic unresectable NSCLC 
patients.

For NSCLC advanced stage not amenable to be 
treated with curative intention, including non-metastatic 
unresectable and metastatic NSCLC patients, prognosis 
is poor, with a median overall survival (OS) lesser than 
12 months. Only 3.5% of those patients will survive  
5 years after diagnosis (6). Cisplatin-based chemotherapy 
demonstrated to increase the OS and quality of life when 
compared with best supportive care (BSC) (7) and it is still 
the standard of care in the first line setting unless targetable 
mutations or high PD-L1 expression are present. 

Understanding and achieving more knowledge about the 
mechanisms, mutations and pathways that are involved in 
NSCLC, has taught us more about tumor heterogeneity, 
tumor burden and tumor microenvironment, but also, 
mostly during this last decade, it has provided us new tools 
for targetable mutations (8) and immunotherapeutic drugs 
development. Those developments have improved OS and 
also diminished toxicity when compared with the standard 
of care, cytotoxic chemotherapy, among NSCLC patients.

Tyrosine kinase inhibitors (TKIs) [epidermal growth 
factor receptor (EGFR) and anaplastic lymphoma kinase 
(ALK)] have notably improved median OS to over 30 months 
in selected patients with metastatic or unresectable NSCLC 
disease (9,10). Currently, immunotherapy-based treatment 
has a great role in metastatic NSCLC. Pembrolizumab was 
approved in advanced disease as the first line of treatment 
in patients with ≥50% expression of PD-L1 and EGFR-
ALK negative expression (11). Besides Pembrolizumab other 
immunotherapy drugs such as nivolumab (anti-PD-1) (12,13) 
and atezolizumab (anti-PD-L1) (14) have been approved in 
metastatic NSCLC patients as a second line of treatment 
after progression to a cisplatin-doublet-based first line of 
treatment. 

In contrast to the newly developed immune checkpoint 
inhibitors, vaccines have been an old weapon in medicine, 
mostly used for infectious disease prevention and to a lesser 
extent also developed in the cancer field. The concept of 
vaccines is to stimulate antigen-specific immunity response 
by presenting a pathogen or tumor-associated antigens 
(TAAs). This idea was initially developed in 1796 by 

Edward Jenner and who had an innovative and important 
contribution to eradicate smallpox (15). Later, in 1891, 
William Coley introduced the idea of treating malignancies 
stimulating immunity (16). He observed spontaneous 
tumor regressions in patients after infectious diseases such 
as erysipelas. Coley injected lived Streptococcus Pyogenes 
inside patients’ tumors with the idea that the immune 
system would eradicate the infection, and as a collateral 
effect, the tumor could also be destroyed.

Vaccines in cancer have been used both for prevention 
and for treatment as well. Some relevant examples are the 
recombinant human papillomavirus (HPV) (17) and the 
Bacillus Calmette-Guérin (BCG) vaccines. For NSCLC, 
the CIMAvax Epidermal Growth Factor vaccine has been 
approved in Cuba, Peru and Venezuela for stage IIIb and 
IV after progression of a first line chemotherapy (18) and 
Racotumomab in Argentina and Cuba as maintenance 
therapy for advanced NSCLC after a primary treatment. 
Recently, the genetically engineered immune collected cells 
from patients, chimeric antigen receptors (CAR) modified 
T cells, was approved by FDA for the treatment of some 
hematological malignancies, becoming a new therapeutic 
tool using immune-system pathways looking to treat 
different types of cancer.

Furthermore, different studies have been set up to 
investigate the efficacy of vaccines in early stages as an 
adjuvant therapy and in advanced stages as a palliative 
treatment. In this review we will discuss the current 
evidence of vaccines and CAR T cell use in NSCLC.

The immune system against the tumor

To date, several important players in the antitumor immune 
response have been identified, and together with a deeper 
knowledge of the immune system mechanisms has helped us 
to understand better how it works and how it fights against 
tumor cells. The activation of cytotoxic T lymphocytes 
(CTL) is carried out in several phases. Dendritic cells 
(DCs) as professional antigen presenting cells (APC) and 
macrophages migrate from the tumor to the lymph node 
with the antigen on their surface and present the tumor 
antigen to the CD4+ T helper cells (Th) by the union 
between an MHC-II molecule + epitope and a specific T 
cell receptor on the CD4 T cell. If also co-stimulation is 
present, such as CD40 (on the APC)-CD40L (on the CD4 
T cell), this binding activates the APC to present MHC-
I-binding epitopes to CTL. CTL get activated if also a 
costimulatory signal is provided, e.g., through binding of 
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B7 (on the APC) with CD28 (on the CTL). The activated 
CTL travels from the lymph node to the tumor to attack 
the tumor cell. In the tumor, the CTL recognize the tumor 
antigens of the tumor cells and destroy them by two main 
mechanisms. These mechanisms include: (I) releasing granules 
in the contact zone that contain perforin (induces pore 
formation in the tumor membrane) and granzymes (induces 
apoptosis); and (II) the expression of FAS-L that induces 
apoptosis in tumor cells that express FAS (19) (Figure 1).

B lymphocytes activate the humoral immune response. 
CD4+ T helper cells stimulate the maturation of B cells into 
plasma cells and lead to the production of antigen-specific 
antibodies (20).

Tumor cells can have different strategies to escape from 
the immune attack. Immune responses impose pressure on 
tumor cells, resulting in selection of tumor cells that can 
escape. Highly proliferating tumors can lose expression 
of tumor antigens or MHC molecules by mutations or 
deletions of genes. Tumor antigens can also be masked from 
immune recognition by glycocalyx molecules. 

They prevent T-cell  CD4+ mediated responses 
by repressing genes encoding the B7-1 and B7-2 co-
stimulators. The tumor may also release interleukins such 
as IL-10 or TGF-β to inhibit the immune response.

These different ways of eluding the immune system 
explain why creating an effective vaccine is a complex 

process. To improve the effectiveness of vaccines various 
strategies have been developed. For example, a strategy is 
to administer the vaccine together with a strong adjuvant 
that helps to increase the host’s immune response. To assess 
the efficacy of combining different cancer treatment with 
vaccines several clinical trials are ongoing.

Types of therapeutic cancer vaccines in NSCLC

The objective of vaccination therapy is to provoke an 
adaptive antitumor immune response (21). Vaccines should 
generate a potent CD4+ and CD8+ T cell response and also 
should be tumor specific, avoiding that normal host cells 
were targeted (22). 

During the last decade, vaccines for NSCLC have been 
studied in several large phase III trials. They showed a good 
toxicity profile and tolerability, however, they were not able 
to demonstrate survival benefits despite promising results that 
were achieved in preliminary phase II randomized trials. 

Vaccines are classified according to the type of targeted 
antigen (Table 1) (23). 

Different vaccines have been developed to stimulate 
the immune system against a broad range of TAAs (24). 
There are 4 main types of lung tumor antigens (25). The 
family of gangliosides (GM2, GD2, GD3, Fuc-GM1) is 
a broad family of glycosphingolipids found on the outer 
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Figure 1 Tumor antigens recognized by T cells. APC, antigen presenting cell; MHC, major histocompatibility complex.
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cell membrane that are involved in cell communication, 
regula t ion  of  the  immune response ,  and  cancer 
progression (26,27). They are overexpressed in tissues of 
neuroectodermal origin, and particularly in tumors such as 
melanoma, neuroblastoma, sarcoma and lung cancers (28). 
The second type of TAAs is produced by a unique mutation 
of a normal gene such as K-ras, EGFR and p53. The 
third type is the cancer testis antigens (CTA) and includes 
New York esophageal squamous cell cancer (NY-ESO-1), 
melanoma-associated antigen (MAG), GAGE and BAGE. 
Their normal expression is restricted to male germ cells in 
the testis and in some cases also in ovary and trophoblast. In 
some malignancies gene regulation is disrupted, resulting 
in CTA expression in a proportion of different tumors  
types (29). CTA are immunogenic proteins that are related 
with poor prognosis in NSCLC. The fourth type is antigens 
expressed by normal cells that are expressed in higher levels in 
cancer cells. These antigens include Mucin 1 (MUC1), WT-1, 
carcinoembryonic antigen (CEA), survivin and Her2/neu. 

Allogeneic vaccines

In allogeneic vaccines, the antigen source is non-self-cancer 
cells. They are produced from cancer cells of another 

patient with the same tumor type, then they are modified 
and processed prior to their use (30). 

Belagenpumatucel-L
Belagenpumatucel-L is prepared by transfecting 4 radiated 
allogeneic NSCLC cell lines (H460, RH2, SKLU-1, H520), 
including 2 adenocarcinomas, one squamous and one large 
cell carcinoma, with a plasmid containing transforming 
growth factor β2 (TGF-β2) antisense transgene (31). 
TGF-β is a negative regulator of CTL. Perturbation of 
TGF-β signaling is linked to tumor progression (32), high 
levels lead to immunosuppression and are related with 
worse prognosis in NSCLC patients. In this vaccine, the 
antisense transgene inhibits TGF-β2 with the intention to 
increase immunogenicity. 

Two phase II clinical trials demonstrated the safety and 
efficacy of Belagenpumatucel-L in patients with NSCLC. 
The first one, which was published on 2006, included a total 
of 75 stage II, IIIA, IIIB and IV patients (33). The second 
study was published on 2009 included 21 advanced NSCLC 
patients (34). Both trials, besides showing a consistent result 
on safety and response, also suggested an inverse correlation 
between circulating tumor cell levels and survival.

A phase III trial that studied this vaccine as maintenance 

Table 1 Types of vaccines investigated in NSCLC

Type of vaccine Definition Investigated in NSCLC

Allogeneic vaccines Isolated tumor cells from the tumor of a patient are 
treated and later administered to another patient to 
stimulate cytotoxic immune response of a similar tumor 
cell type

Belagenpumatucel-L, autologous/allogeneic 
NCLSC cells plus GM-CSF and CD40L-expressing 
K562

Peptide or protein vaccines One or few antigens. The antigens are peptides or 
proteins; not made for a specific patient.

CIMAvax EGF, MAGE-A3, Racotumomab, NY-
ESO-1, L-BLP25 anti-MUC1, EP-2101, GV1001

Autologous dendritic cell 
vaccines

These vaccines are made from the same patients in 
whom they will be used; isolated immune cells from 
the patient’s blood are cultured and exposed to cancer 
cells or cancer antigens to generate antigen-presenting 
dendritic cells. Dendritic cells are then injected back 
into the patient, where they should cause an immune 
response to cancer cells in the host

WT1 mRNA-loaded DCs, DCVax-L, AGS-003

DNA vaccines Composed of an expression plasmid harbouring a target 
antigen

pVAX1-MAGEA3, pVAX1-MAGEA3-sPD1

Vector-based vaccines Vectors are special viruses, bacteria, yeast cells, or other 
structures that can be used to administer antigens in the 
host

TG4010; GI-4000, GI-6207

NSCLC, non-small lung cancer cell; GM-CSF, granulocyte stimulating factor; EGF, epidermal growth factor; MAG, melanoma-associated 
antigen; NY-ESO-1, New York esophageal squamous cell cancer; L-BLP25, BLP25 liposome vaccine; MUC1, Mucin 1; DCs, dendritic cells.
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therapy was published on 2015, its primary endpoint was 
OS. A total of 532 stage III/IV NSCLC patients that had 
no disease progression after a first line of platinum-based 
chemotherapy were enrolled. Patients were randomized 1:1 
to receive maintenance therapy with Belagenpumatucel-L 
or placebo. The primary endpoint was not reached, no 
difference in OS was met (20.3 months in the treatment 
arm vs. 17.8 months in the placebo arm, HR 0.94, P=0.594). 
No difference in PFS was reached either between both 
arms (4.3 versus 4 months in treatment arm and placebo 
group respectively, HR 0.99, P=0.947). Despite the negative 
results in OS and PFS, a prespecified Cox regression 
analysis showed a significant benefit in survival among 
patients that started vaccination within 12 weeks of the 
completion of chemotherapy (P=0.002) and among patients 
that underwent prior radiotherapy treatment (P=0.032) (35).

Although not in a vaccination context, also other TGF-β 
inhibitors are being studied in NSCLC with similar 
mechanisms of action. Galunisertib is a small molecule 
inhibitor developed by Eli Lilly. At 2016 ASCO meeting, a 
phase II randomized clinical trial focusing on unresectable 
stage II–IV pancreatic cancer patients, assessed the 
combination of Galunisertib plus Gemcitabine combination 
versus Gemcitabine alone, showing benefit in OS and 
PFS (36). Currently, a phase Ib/II study of Galunisertib in 
combination with Nivolumab in refractory solid tumors 
including NSCLC patients is ongoing. 

Autologous or allogeneic NSCLC cells plus 
GM.CD40L expressing K562 cells
A phase I trial tested the vaccine, irradiated autologous 
tumor cells plus GM.CD40L bystander cells, in patients 
with stage IV NSCLC. Twenty-one patients received 3 
intradermal vaccine injections every 28 days. No toxicity 
treatment related was reported. Reported results showed 
that patients had stable disease and some of them developed 
tumor specific T-cell responses (37). 

A phase II study was conducted for refractory advanced 
lung adenocarcinoma patients. 24 heavily pretreated 
patients were recruited with a median of 4 previous lines of 
systematic therapy. The vaccine (GM.CD40L plus tumor 
cell-based vaccine) was administered intradermally in the 
axillary and inguinal lymph node basins every 2 weeks for 
the first 4 weeks and then monthly for the next 3 months. 
Cyclophosphamide pretreatment was included and all-trans-
retinoic acid (ATRA) was added to induce differentiation 
of immature DCs at the local vaccine site. The primary 
endpoint, inducing radiologic tumor regression, was not 

reached. Median OS was 7.9 months and median PFS was 
only 1.7 months (38). 

With the aim to improve the effectiveness of the vaccine, 
adjuvant drugs have been tested. One example is C-C motif 
chemokine ligand 21 (CCL21). Chemokines play essential 
roles in tumor biology: leukocyte recruitment, tumor cell 
growth, angiogenesis and metastasis. When T cells are 
exposed to both CCL21 and DCs, there is an increase in 
the immune response. A phase 1–2 randomized trial of a 
vaccine consisting of the GM.CD40L bystander cells and an 
equivalent number of allogeneic tumor cells with or without 
CCL21 was assessed in adenocarcinoma lung patients that 
failed to a first line of chemotherapy. The combination 
was well tolerated however expected outcomes such as OS 
and PFS were not improved when adding CCL21 to the  
vaccine (39).

Antigens peptide or protein vaccines

CIMAvax epidermal growth factor vaccine
EGFR overexpression is associated with uncontrolled 
proliferation, angiogenesis, anti-apoptotic signals, metastasis 
and invasiveness. EGFR is widely expressed in many cell 
types including epithelial and mesenchymal cells. EGFR 
is expressed in squamous malignancies of the head and 
neck, colorectal, breast, prostate, bladder, ovary and lung  
cancer (40). EGFR gene mutations were the first mutations 
to be targeted with positive outcomes for the treatment of 
NSCLC.

Among NSCLC patients the incidence of EGFR 
mutations is around 27% being more common in patients 
with adenocarcinoma histology, in never or light smokers 
patients, in women and in the Asiatic population. If 
properly treated it is associated with better prognosis when 
compared with EGFR wild type (41). The main activating 
EGFR mutations have been identified in exons 18 to 21 of 
the tyrosine kinase domain, representing from 85–90% of 
all the EGFR mutations (42). Available drugs that target 
EGFR are: small molecule EGFR TKIs gefitinib and 
erlotinib (first generation non-covalent inhibitors), afatinib 
(second-generation covalent inhibitor), Osimertinib (third 
generation TKI, targeting EGFR-T790M resistance 
mutation) and monoclonal anti-EGFR antibody Cetuximab.

The CIMAvax-EGF vaccine is a chemical conjugate of 
EGF with the P64 protein derived from the Meningitis B 
bacteria and Montanide ISA 51 as adjuvant (43). As earlier 
mentioned this vaccine was developed in Cuba and its use is 
approved in Cuba, Venezuela and Peru for the treatment of 
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stage IIIB and IV NSCLC that have progressed after a first 
line of chemotherapy. 

CIMAvax-EGF induces immune responses against EGF, 
a molecular driver of cancer cell, with the purpose to block 
cancer cell proliferation. CIMAvax-EGF demonstrated to 
be safe and immunogenic in advanced NSCLC patients 
in a phase II randomized controlled study (44). This study 
included 80 stage IIIB/IV NSCLC patients after they 
completed a first-line chemotherapy. They were randomized 
to BSC or to vaccination treatment. Patients were assessed 
for anti-EGF antibody response. Good antibody responders 
(GAR) were defined as those that reached an anti-EGF 
antibody titer equal or higher than 1:4,000 serum dilution. 
Patients that reached lower antibody titers were classified as 
poor antibody responders (PAR). Good anti-EGF antibody 
response was obtained in 51.3% of vaccinated patients. 
GAR patients survived significantly more (median survival 
of 11.7 months) than those with PAR (median survival of 3.6 
months). Adverse events were observed in less than 25% of 
cases and were classified as grade 1 and 2.

In August 2016, a phase III study was published to 
show the results of OS, safety, immunogenicity, and EGF 
concentration in serum after CIMAvax-EGF vaccine (45). 
After completing a first line of chemotherapy treatment, 
405 stage IIIB/IV NSCLC patients were randomly assigned 
(2:1) to the vaccine plus BSC arm or to a control group 
(BSC). Before the first vaccine administration a low dose 
of cyclophosphamide was given. Each vaccine dose was 
administered every 2 weeks for 4 doses (induction period) 
and since then monthly.

In the vaccine group, 81% of the patients received 4 
vaccines doses. The survival benefit was significantly better 
(HR, 0.77; P=0.036) in the treatment arm. Median survival 
was 12.4 months for the vaccine arm versus 9.4 months 
for the control arm. Moreover, median survival was higher 
(14.6 months) for vaccinated patients with high EGF 
concentration at baseline.

High EGF concentration at baseline was a good 
predictive biomarker of the vaccine activity and also a poor 
prognostic biomarker among the non-treated population. 
The proportion of CD8+CD28− cells, CD4 cells, and the 
CD4/CD8 ratio after first-line of chemotherapy was also 
associated with CIMAvax-EGF clinical benefit.

In January 2017, a randomized phase I/II clinical trial 
with CIMAvax-EGF in combination with nivolumab 
(NCT02955290) has started to assess results in second line 
for advanced NSCLC at Roswell Park Cancer Institute 
in Buffalo, New York, in collaboration with the Center of 

Molecular Immunology in Cuba.

MAGE-A3
CTA are immunogenic and highly specific for cancer. 
MAGE was the first CTA to be discovered (46). MAGE 
expression is found in 30–50% of NSCLC samples, being 
more frequent in squamous cell lung cancer histology (47).

The safety of MAGE-A3 as adjuvant therapy in patients 
with resected MAGE-A3 positive NSCLC was studied in 
the phase III MAGRIT trial. A total of 2,312 resected stage 
IB, IIA and IIIA NSCLC patients, who had been treated or 
not with adjuvant chemotherapy, were randomized 2:1 to 
receive the vaccine plus the adjuvant AS15 or to placebo. 
The primary endpoint was disease-free survival (DFS). Final 
results did not show a benefit in DFS in the MAGE-A3 
immunotherapeutic group when compared with the placebo 
group (60.5 vs. 57.9 months respectively) (48).

Another phase I/II dose escalation trial testing 
Adenovirus Vaccine Expressing MAGE-A3 and MG1-
MAGEA3 in combination with Pembrolizumab, is 
currently recruiting NSCLC patients who have radiological 
progression after at least 1 cycle platinum-doublet 
chemotherapy (NCT02879760).

NY-ESO-1
NY-ESO-1 is another CTA candidate for specific immune 
recognition of cancer due to its frequent occurrence in 
cancer samples and its restricted expression in somatic 
tissues (49). NY-ESO-1 is approximately expressed in 30% 
of lung cancer specimens (50).

The relation between the expression of NY-ESO-1 
and therapy response has already been assessed. John et al 
studied a group of patients with pathological N2 NSCLC 
tumors that underwent surgery, neoadjuvant and adjuvant 
chemotherapy. Results supported NY-ESO-1 as a useful 
prognostic factor and as a predictive factor for significant 
benefit of the adjuvant and neoadjuvant chemotherapy 
treatment (51).

In 2005, Murphy et al.  used a recombinant NY-
ESO-1 protein produced in Escherichia Coli (52) and 
demonstrated induction of specific antibodies in serum, as 
well as activation of CD4+ and CD8+ T cells. Because it is 
a promising target antigen, there are several clinical trials 
ongoing as monotherapy or as combination treatment that 
are assessing these findings as an area to explore in cancer 
therapy. A phase I multicenter trial is recruiting patients to 
evaluate the safety and the immune response of ID-LV305 
(immunotherapy agent that targets DCs) in patients with 
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advanced cancer whose tumors express the NY-ESO-1 
protein (NCT02122861). 

IDC-G305 is a new vaccine consisting of recombinant 
NY-ESO-1 antigen and the adjuvant GLA-SE. It is under 
study in solid malignancies to evaluate safety and immune 
response (NCT02015416). GLA-SE is a potent vaccine 
adjuvant consisting of the synthetic toll-like receptor 4 
(TLR4) agonist Glucopyranosyl Lipid Adjuvant (GLA) 
formulated in a squalene-in-water emulsion (SE) (53).

Racotumomab (formerly known as IE10)
Racotumomab is an anti-idiotype murine IgG1 directed 
to NeuGcGM3 ganglioside, a tumor antigen expressed in 
NSCLC tumors.

Neninger et al. conducted a phase I clinical trial in 
patients with small cell lung cancer (SCLC) that had 
partial or complete response after chemotherapy and/or 
radiotherapy (6 patients with limited stage-disease and 3 
patients with extensive-stage disease). Patients received 4 
biweekly injections with 2 mg Racotumomab-alum, followed 
by six more doses every 28 days. No evidence of severe adverse 
effects and a prolonged survival was reported (54). 

A compassionate use basis study administrated the vaccine 
in 34 stage III b and 37 stage IV NSCLC patients after they 
received standard chemotherapy and radiotherapy. Patients 
received 5 biweekly injections, followed by 10 doses at  
28-day intervals. Patients who entered the study with partial 
response or stable disease and with a PS of 0–1 after the 
first line of chemo/radiotherapy had a median survival of  
11.5 months, however, patients that achieved disease 
progression after chemo/radiotherapy or that started 
vaccination with PS 2 had a median survival of only  
6.5 months (55). In 2014, a randomized, multicenter, 
placebo-controlled phase II/III trial for advanced NSCLC 
patients who achieved stable disease after a first line of 
chemotherapy was published. Median OS was 8.2 in 
the vaccine group and 6.8 months in the placebo group 
(HR, 0.63; 95% CI, 0.46–0.87; P=0.004). Median PFS in 
vaccinated patients was 5.3 versus 3.9 months for placebo 
(HR, 0.73; 95% CI, 0.53–0.99; P=0.039). No severe 
adverse effects were reported (56). Based on these results, 
Racotumomab was launched in 2013 in Cuba and Argentina 
as an intradermal injection for the treatment of patients 
with advanced stage NSCLC.

The impact of using Racotumomab-alum in patients with 
advanced NSCLC who have achieved an objective response 
(partial or complete response) or stable disease after 
standard first-line treatment is currently being explored in 

a randomized, multicenter, open label phase III study. The 
primary end point of this trial and secondary end points 
include PFS, safety and tolerability, final results have not 
been reported yet (NCT01460472).

BLP25 liposome vaccine (anti-MUC1)
Cell surface associated MUC1 is a member of the mucin 
family. Mucins are O-glycosylated proteins that have a 
role in forming protective mucous barriers on epithelial 
surfaces and participate in intracellular signaling. Over 
expression, aberrant intracellular localization and changes 
in glycosylation of this protein have been associated 
with carcinomas. MUC1 is overexpressed and aberrantly 
glycosylated in NSCLC samples (57).

The BLP25 liposome vaccine (L-BLP25) targets MUC1 
and induces a cellular immune response that may lead to 
immune rejection of tumor tissues that express MUC1 
antigen (58).

In 2005, a phase IIB trial was published of BLP-25 
vaccine as maintenance therapy for stage IIB-IV NSCLC 
patients that had achieved stable disease or objective 
response after a first line chemotherapy. Patients were 
randomized in two arms, L-BLP25 plus BSC or BSC  
alone (59). Despite a 4 months absolute benefit in the 
treatment arm there was not statistical difference in OS 
between both arms (17.4 months in the vaccine arm versus 
13 months for BSC arm; HR, 0.739; 95% CI, 0.509–1.073; 
P=0.112). A published update in 2011 reported that median 
OS remained statistically non-significant. However, a 
significant increase in 3-year survival rate was observed (31% 
for vaccine arm, 17% for BSC arm, P=0.035) (60).

The phase III START trial was published in Lancet 
Oncology in 2014 (61). This was an international, double-
blind trial that included patients with unresectable stage III 
NSCLC who had completed chemoradiotherapy and had 
confirmation of stable disease or objective response. Patients 
received L-BLP25 or placebo in a 2:1 randomization. There 
was no difference in OS. Median OS was 25.6 months 
(95% CI, 22.5–29.2) in the treatment arm vs. 22.3 months 
(19.6–25.5) in the placebo arm (adjusted HR, 0.88; 95% CI, 
0.75–1.03; P=0.123).

Further studies were initiated such as the phase III 
START2 (62) and INSPIRE (63) trials for the treatment 
of unresectable, locally advanced stage III NSCLC. 
However, the sponsor decided to discontinue the current 
clinical program due to the results of the EMR 63325-
009 trial. This was a randomized, double-blind, placebo-
controlled phase I/II study in Japanese patients with 
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stage III unresectable, locally advanced NSCLC who had 
received concurrent or sequential chemoradiotherapy, with 
a minimum of two cycles of platinum-based chemotherapy 
and a radiation dose ≥50 Gy (64). The results of this study 
showed no benefit in OS (primary endpoint) neither for 
any of the secondary endpoints (PFS, time to progression 
and time to treatment failure). The biopharmaceutical 
company division made the recommendation to stop the 
investigational treatment for patients in the EMR 63325-
009 study in Japan and consequently all other clinical trials 
with L-BLP25 (Tecemotide) in NSCLC patients worldwide.

Autologous DCs vaccines

DCs are APC of the innate immune system that form a 
bridge between innate and adaptive immunity. They control 
different areas of the immunity such as the stimulation 
of naive T lymphocytes, induction of primary antibodies 
responses and the maintenance of tolerance against self-
antigens (65). DCs have all the elements to properly initiate 
an antigen specific immune response. Therefore they are 
attractive to be used as cancer vaccine and different trials 
have already shown biological activity (66).

Currently there are several trials, some of them already 
completed or no longer recruiting, that are addressing the 
potential benefits of autologous DC vaccines in different 
stages of NSCLC and SCLC, but also they are exploring 
their utility in some other malignancies as well. 

DNA vaccines

DNA vaccines are based on the direct introduction of a 
plasmid containing the DNA sequence encoding the antigen 
against which an immune response is sought, aiming for 
trough the in-situ production of the target antigen. 

pVAX1-MAGEA3-sPD1 is a DNA vaccine constructed 
by cloning the Melanoma Associated Antigen 3 (MAGE-A3) 
gene and murine sPD1 genes linked by Furin-2A (F/2A) 
into pVAX1. The vaccine was tested in mice and the 
results showed enhanced B and T cell responses and potent 
inhibition of tumor growth.

A published phase I trial reported the results ion safety 
and efficacy of the Elenagen vaccine, a plasmid that encodes 
p62 (SQSTM1). This vaccine has 2 main mechanisms of 
action: inducing an immune response against p62 (protein 
in epithelial cells that induce oncogenic transformation) 
and controlling of systemic chronic inflammation. The 
trial included 27 patients with advanced solid tumors were 

recruited, including 2 lung cancer patients. No serious 
adverse effects were reported. Most of the patients achieved 
stable disease for at least 8 weeks (67).

Vector vaccines

TG4010 (MVA-MUC1-IL-2)
TG4010 is a therapeutic cancer vaccine based on a viral 
vector, a Modified Vaccinia Virus Ankara (MVA), that 
encodes for human MUC1 and for interleukin 2 as well (68). 

A good safety profile and early signs of clinical and 
biological activity were observed in a phase I clinical trial 
conducted by Rochlitz et al. in 2003 (69). Thirteen patients 
with different solid tumors including lung cancer were 
treated by repeated intramuscular injections with increasing 
doses of TG4010. Four of the 13 patients achieved stable 
disease. One lung cancer patient showed a significant 
decrease in the size of its metastasis that lasted for 14 
months.

A phase II randomized clinical trial that included 
65 stage III B and IV NSCLC patients assessed the 
combination of TG4010 with the first line chemotherapy 
(cisplatin plus vinorelbine doublet) or the use of the vaccine 
without chemotherapy. According to RECIST criteria 
29.5% of the patients that were treated in the combination 
arm achieved radiological response. The median time to 
progression was 4.8 months in the combination arm and 
the median OS was 12.7 months for the combination 
arm and 14.9 months in the vaccine alone arm. One-year 
survival was 53% and 60% for the combination arm and 
for the vaccine arm respectively. These results raised the 
hypothesis that TG4010 plus chemotherapy in the first line 
advanced or metastatic setting could improve the outcomes 
of chemotherapy alone (70). 

A phase IIb clinical trial, assessing the combination 
of the vaccine and chemotherapy (cisplatin-gemcitabine 
doublet) in advanced NSCLC patients expressing MUC1 
by immunohistochemistry (71) was published in 2008. 
There were 2 arms, 74 patients were allocated to the 
combination therapy and 74 patients were allocated to 
the control group which received chemotherapy alone. 
Reported results showed 6 months PFS of 43.2% (32 
of 74 patients; 95% CI, 33.4–53.5) in the TG4010 plus 
chemotherapy group, and 35.1% (26 of 74 patients; 95% 
CI, 25.9–45.3) in the control arm. Based on these results 
a phase IIb/III trial was conducted. The trial recruited  
222 previously untreated patients with stage IV NSCLC 
cancer, negative EGFR mutation and with a MUC1 
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expression of at least 50% in tumor cells. Primary 
end point was PFS. The use of the triple-positive 
activated lymphocytes (TrPAL) as a biomarker was also  
investigated (72). Median PFS was 5.9 months (95% CI, 
5.4–6.7) in the TG4010 plus chemotherapy group and  
5.1 months (4.2–5.9) in the chemotherapy alone group 
[HR, 0.74 (95% CI, 0.55–0.98); one-sided P=0.019]. These 
results also support the clinical value of the TrPAL as a 
biomarker. 

Currently a phase II trial based on the combination 
between the vaccine and immunotherapy is ongoing in 
NSCLC. The rationale is that the TG4010 and Nivolumab 
combination may improve the effectiveness of the immune 
response to kill tumor cells (NCT00793208). Another phase 
2 trial non-randomized trial has recently started to recruit 
patients to assess safety and feasibility of the combination of 
the vaccine, Nivolumab and chemotherapy in treatment naïve 
patients with advanced non-squamous NSCLC and <50% of 
tumor cells expressing PD-L1 (NCT03353675).

Adoptive T cell immunotherapy

“ A d o p t i v e  c e l l  t h e r a p y ”  i s  a n o t h e r  s t r a t e g y  i n 
immunotherapy. Tumor-reactive lymphocytes from the 
patient are grown “ex vivo” and are then readministered 
to the patient as therapy. The most commonly used type 
of immune cells are CTL. Different types of T cells 
can be used for adoptive cell transfer: tumor-infiltrating 
lymphocytes (TILs), T-cell receptor (TCR)-modified T 
cells and CAR-modified T cells. 

CAR T-cell therapy was the first cancer therapy using 

genetically engineered immune cells collected from patients, 
which was approved by the Food and Drug Administration 
(FDA). There are two CAR T-cell therapies that are 
approved: Tisagenlecleucel (Kymriah™) for children and 
adults with advanced leukemia and Axicabtageneciloleucel 
(Yescarta™) for patients with large-B-cell lymphomas 
whose cancer has progressed after receiving at least 2 prior 
treatment regimens. 

Studies for NSCLC patients are limited, and the 
identification of a target is challenging. Current trials that 
are focused on this population are summarized in Table 2.

Robbins et al. evaluated the ability of adoptively 
transferred autologous T cells transduced with a TCR 
directed against NY-ESO-1 to mediate tumor regression 
in patients with metastatic melanoma and synovial cell 
sarcoma. Reported results showed that 61% of the synovial 
cell sarcoma and 55% of the melanoma patients achieved 
responses (73). Another report of a phase I/II clinical 
trial for multiple myeloma patients showed a PFS of  
19.1 months for the group that received high affinity anti-
NY-ESO-1 and LAGE-1 specific TCR-T treatment (74).
There is a trial ongoing for second line NSCLC aiming 
to assess the safety and tolerability of TAEST16001 
(TAEST: TCR Affinity Enhancing Specific T cell Therapy, 
autologous T cells transduced with affinity enhanced NY-
ESO-1 TCR) cell therapy (NCT03029273).

Not yet initiated, a phase I trial is designed to evaluate 
the effect of CAR T-cell in advanced lung cancer for 
patients where standard treatments failed. Investigators 
hypothesize that the CAR T cells targeting PD-L1 
would improve the current efficacy of CAR-T cells. They 

Table 2 Ongoing clinical trials testing CAR T-cell therapy for NSCLC

Clinical trial Phase Population Target Status

NCT03060343 I PD-L1+, refractory, recurrent metastatic, advanced CD80/CD86, PD-L1 Recruiting

NCT01869166 I EGFR+, refractory EGFR Recruiting

NCT02414269 I Metastatic to the pleura Mesothelin Recruiting

NCT02587689 I/II Refractory, recurrent MUC1 Recruiting

NCT02706392 I Metastatic, inoperable, second line ROR1 Recruiting

NCT03060343 I Refractory, Recurrent Metastatic Zeushield cytotoxic T 
lymphocytes (Z-CTls)

Recruiting

NCT03029273 I/II Second line, Stage IIIb–IV, NY-ESO-1 positive cells 
>10% by IHC

NY-ESO-1 Recruiting

CAR, chimeric antigen receptor; NSCLC, non-small lung cancer cell; EGF, epidermal growth factor receptor; NY-ESO-1, New York 
esophageal squamous cell cancer; L-BLP25, BLP25 liposome vaccine.



S1611Journal of Thoracic Disease, Vol 10, Suppl 13 May 2018

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2018;10(Suppl 13):S1602-S1614jtd.amegroups.com

designed and cloned a PD-L1 CAR gene that targets the 
PD-L1 expressed on tumor cells. PD-L1 CAR-T cells 
might effectively kill not only PD-L1 positive tumor cells 
in vivo, but also immunosuppressive cells inside tumors 
(NCT03330834).

Recently preliminary results were published of the 
specific CAR targeted to EphA2 (Hepatocellular Carcinoma 
A2). EphA2 is overexpressed in more than 90% of NSCLC 
but not significantly in normal lung tissue (75). The study 
concluded that T cells redirected to EphA2 by an EphA2-
specifc CAR have potent antitumor activity against NSCLC 
in vitro and in vivo, and could become a novel therapeutic 
agent for patients with NSCLC.

Conclusions

Lung cancer is the main cause of death due to malignancies 
worldwide. Most of the patients are diagnosed in advanced 
stages and will be not able to achieve a cure for their disease. 
Even more, many patients that are diagnosed in earlier stages 
will relapse after a curative intention of treatment that may 
include surgery, chemotherapy and radiation therapy. 

Since the 80s until know, chemotherapy has been 
the cornerstone of treatment of metastatic disease with 
the purpose to improve survival and quality of life. Last 
decade targeted therapies have significantly improved 
survival among patients with metastatic disease that are 
carriers of specific mutations such as EGFR, ALK, and 
ROS1. Immunotherapy based on immune checkpoint 
inhibitors, mainly blocking PD-1/PD-L1 or CTLA4, has 
revolutionized the treatment in metastatic lung cancer with 
less toxicity compared with chemotherapy. Some patients 
that have impressive prolonged survival have allowed 
developing this powerful therapeutic weapon, probably 
opening a window for a cure of cancer.

Despite the enormous advances in NSCLC treatment 
in the recent past years, months and days, NSCLC patients 
still need more options for treatment. Since a long time, 
vaccines have been a powerful tool to prevent infectious 
disease allowing to decrease dramatically the risk to die for 
many contagious infections. Researchers have attempted 
by decades to create vaccines to fight against several 
types of cancer, unfortunately most of these have failed 
to prove a benefit in patients with solid tumors. Due to a 
better understanding of the tumor biology the immune 
system, immune phenotypes of patients and the tumor 
microenvironment, in addition to new technologies and 
pharmacological development, the gate has reopened to 

think of vaccines as a therapeutic option to increase results 
of current standard of care treatments in NSCLC. Most 
of the new vaccines have demonstrated to be safe and well 
tolerated in humans, but with low benefit in response 
rate, OS and PFS. Some trials have shown efficacy in OS 
and PFS such as Racotumomab when used as extended 
treatment after standard treatment for stage III B and IV 
NSCLC patients, however only a very small number of 
Latin American countries have given a formal approval 
for this vaccine to be used. Unfortunately, some vaccines 
that initially seemed to be promising; unfortunately failed 
to show survival benefit and resulted in several halted 
vaccination developing programs. Predictive and response 
biomarkers will probably help to select a better target 
NSCLC population that will benefit from specific vaccines.

Several trials are currently ongoing using vaccines in the 
adjuvant and metastatic setting. Among NSCLC patients, 
new combinations are being explored such as vaccines plus 
chemotherapy, vaccines plus immune checkpoint inhibitors, 
vaccines plus chemotherapy and immune checkpoint 
inhibitors. Research is also ongoing to find biomarkers for a 
better selection of patients. This information probably will 
provide us with the knowledge to explore vaccines addressed 
to NSCLC patients as a new alternative to improve outcomes 
in survival and quality of life for this population.
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