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Introduction 

Lung cancer is the leading cause of cancer death in 
United States (1). Survival rates for metastatic lung cancer 
including non-small cell lung cancer (NSCLC) and small 
cell lung cancer (SCLC) are poor with 5-year survival of 
less than 5% (1). The use of molecular targeted therapies, 
such as erlotinib and crizotinib, has improved median 
overall survival (OS) in a limited group of NSCLC patients 
whose tumors harbor specific genetic alterations [epidermal 
growth factor receptor (EGFR) sensitizing mutations:  
15-18% frequency in unselected NSCLC; anaplastic 
lymphoma kinase (ALK) tranlocations: 2-8% frequency in 
unselected NSCLC] (2,3). However for a large group of 
NSCLC and SCLC molecular alterations are not available 
to lead to direct targeted therapies. 

Immunotherapeutics can be defined as a broad class of 
therapies designated to elicit immune-mediated destruction 

of tumor cells. Different approaches have been undertaken 
to stimulate immune response against cancer such as 
therapeutic vaccines, immunomodulators, autologous 
cellular therapies, monoclonal antibodies directed against 
checkpoint inhibitor signals on activated T cells and/or 
cancer cells. Historically, immunotherapy has had minimal 
success in lung cancer, resulting in the common belief that 
lung cancer is nonimmunogenic (4). However, there are 
many ways in which lung cancer cells are able to evade the 
immune system, including secretion of immunosuppressive 
cytokines, loss of major histocompatibility complex 
antigen expression and expression of molecules that inhibit 
T cell activation. Recent promising results have been 
reported with the checkpoint inhibitors targeting cytotoxic 
T-lymphocyte-associated antigen 4 (CTLA-4) and the 
programmed death-1 (PD-1) pathway with achievement of 
durable clinical responses with manageable toxicity also in 
previously heavily treated lung cancer patients. This article 
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will review the recent clinical trials of immunotherapeutic 
agents in NSCLC and SCLC. 

Immunotherapy in NSCLC

Vaccines for stage I-III NSCLC

Therapeutic cancer vaccination is an antigen-specific 
immunotherapy that primes the immune system to produce 
antigen-specific antibodies, CD4+ T helper cells and 
CD8+ cytotoxic T-lymphocytes against relevant tumor-
associated antigens. Different types of immunoadjuvants 
are used, including phospholipid, aluminum formulation, 
viral vector, dendritic cells or liposome presentation. In this 
section we will review the different strategies of vaccination 
that are in the later stages of clinical development. Two 
vaccines (MAGE-A3 and liposomal-BLP25) are in clinical 
development for the treatment of potentially curable 
NSCLC. The others have been tested in stage IIIB-IV 
NSCLC (Table 1).

MAGE-A3 vaccine
MAGE-A3 is an antigen specifically associated with various 
solid tumors, including NSCLC. It is a promising target for 
immunotherapy because it is almost exclusively expressed 
on the cell surface of cancer cells. Studies indicate that  
17-50% of NSCLC tumors express MAGE-A3 on their 
surface and expression has been associated with a poor 
prognosis (5,14).

The MAGE-A3 antigen-specific immunotherapeutic 
(ASCI) is composed of a recombinant fusion protein 
(MAGE-A3 and protein D of Hemophilus influenza) in 
combination with an immune-enhancing adjuvant system. 

In a double-blind, phase II study, 182 patients with 
MAGE-A3-positive resected stage IB/II NSCLC were 
randomly assigned to vaccine or placebo in a 2:1 ratio  
(Table 1) (5,15). Patients received five doses of MAGE-A3 
ASCI or placebo once every three weeks followed by a 
maximum of eight consolidation doses given once every 
three months. The long-term analysis showed a positive 
trend for MAGE-A3 treatment in this setting, with a 

Table 1 Summary of completed NSCLC immunotherapy trials

Immunotherapy Target Pt No. Stage Results

Stage I-III disease

MAGE-A3 MAGE-A3 182 IB/II following complete 

resection

HR for DFS =0.76 (95% CI: 0.48-1.21), HR for OS =0.81 

(95% CI: 0.47-1.40) with MAGE-A3 compared to SOC (5)

Stage IIIB-IV disease

BLP-25 MUC1 171 IIIB/IV after 1st line  

chemotherapy

3 yr. OS 31% for BLP-25 and 17% for BSC (P=0.035)

Stage IIIB subset MS 30.6 months for BLP-25 vs.  

13.3 months for BSC (HR =0.548, 95% CI: 0.301-0.999) (6,7)

Belagenpimatucel-L TGF-β2 75 II/IIIA/IIIB/IV after  

completion of therapy

Superior MS for high vaccine doses group vs. low  

vaccine doses group (P=0.0069) (8)

EGF Epidermal 

growth factor

80 IIIB/IV after first-line  

chemotherapy

MS 11.7 months with GAR and 3.6 months with PAR  

(P=0.0002) (9)

TG4010 MUC1 148 IIIB/IV with 1st line  

chemotherapy

6-months PFS 43.2% for TG4010 vs. 35.1% for  

chemotherapy alone (P=0.307) (10)

Ipilimumab CTLA-4 204 IIIB/IV or recurrent disease 

in combination with  

first-line chemotherapy

Immune-related PFS 5.7 months for phased ipilimumab + 

chemotherapy vs. 4.6 months for placebo +  

chemotherapy (HR 0.72; P=0.05) (11)

Nivolumab PD-1 296 (122 

NSCLC)

IV after completion of  

first-line chemotherapy

OR in 6 (33%) out of 18 with squamous cell histology; OR 

in 7 (12%) out of 56 with nonsquamous histology (12)

BMS-936559 PD-L1 207 (75 

NSCLC)

IV after completion of  

first-line chemotherapy

OR in 4 (11%) of 36 nonsquamous histology; OR in 1 (8%) 

of 13 squamous histology (13)

BSC, best supportive care; GAR, good antibody response; HR, hazard ration; MS, median survival; NSCLC, non-small cell lung 

cancer; OR, overall response; PAR, poor antibody response; PFS, progression-free survival; Pt, patients; RR, response rate; SOC, 

standard of care.
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nonsignificant but clinically relevant improvement in 
disease-free interval (DFI) [hazard ratio (HR) 0.75; 95% 
CI: 0.46-1.23; P=0.254], disease free survival (DFS) (HR 
0.76; 95% CI: 0.48-1.21; P=0.248), and OS (HR 0.81; 95% 
CI: 0.47-1.40; P=0.454) in favor of the MAGE-A3 group. 
Overall treatment was very well tolerated, resulting in high 
therapy compliance. 

Based on the experience with MAGE-A3 immunotherapy 
in advanced melanoma, a gene expression analysis of the 
tumors identified a signature of immune-related genes that 
appeared to be associated with a high risk for relapse. In fact, 
patients without this signature had a 5% risk for relapse (15).  
This signature has been incorporated as a secondary 
endpoint in the phase III MAGRIT (MAGE-A3 as adjuvant 
non-small-cell lung cancer immunotherapy) study (16). The 
MAGRIT study screened more than 13,000 patients with 
resected stage IB-IIIA NSCLC for immunohistochemical 
expression of the MAGE-A3 antigen. Ultimately, 2,270 
patients were accrued by October 2011 (17). Prior adjuvant 
chemotherapy was not an exclusion criterion. Patients were 
randomly assigned 2:1 to vaccine or placebo and therapy 
was administered three times a week for five weeks followed 
by every 12 weeks for eight doses (16). DFS is the primary 
endpoint and prospective validation of the predictive value 
of the gene signature is a co-primary endpoint. Results from 
this study are expected in mid to late 2013.

Liposomal BLP25
MUC1 is a membrane-bound glycoprotein that becomes 
overexpressed and undergoes aberrant glycosylation with 
malignant transformation of diverse tumor types including 
NSCLC (18). Liposomal BLP25 (L-BLP25, Stimuvax) 
is a liposomal vaccine consisting of 25 amino acids from 
the immunogenic variable number of tandem-repeats 
region of MUC1 combined with an immunoadjuvant 
monophosphoryl lipid A in a liposomal delivery system (19).  
The compound was studied in a phase II multicenter 
randomized clinical trial with 171 patients with stable or 
responding stage IIIB (38%) or IV (62%) NSCLC after 
first-line chemotherapy or after chemoradiation (6). Patients 
were randomly assigned to L-BLP25 plus best supportive 
care (BSC) (n=88) or BSC alone (n=83) (6). Patients 
randomly assigned to the vaccine arm received a single low 
dose cyclophosphamide (300 mg/m2) infusion followed 
three days later by the first of eight weekly subcutaneous 
doses of L-BLP25. At the discretion of the investigator, 
patients could also receive maintenance vaccine injections 
once every six weeks starting six weeks after the last weekly 

vaccination and continuing until disease progression. The 
primary endpoint of the study was OS. L-BLP25 was well 
tolerated, with the majority of adverse events consisting of 
mild flu-like symptoms and no reported increase in serious 
adverse events (L-BLP25 plus BSC 26.1% vs. BSC 36.1%). 
Efficacy results suggested a nonsignificant trend toward 
improved OS for patients who received L-BLP25 (17.4 vs. 
13 months for BSC alone, adjusted HR: 0.739; 95% CI: 
0.509-1.073; P=0.112). A post hoc analysis suggested that the 
benefit of L-BLP25 was confined to the 65 patients with 
stage IIIB disease who had chemotherapy and radiation 
therapy (adjusted HR 0.524; 95% CI: 0.261-1.052; 
P=0.069) with a trend toward improved two-year survival 
(60% vs. 36.7% for BSC). However, it should be noted that 
this analysis was not a prespecified endpoint of the study. 
Updated analyses suggested a continued trend toward 
improved survival for vaccinated patients (median OS 30.6 
vs. 13.3 months) and no serious long-term safety issues. 

On the basis of these findings, a large international phase 
III START (Stimulating Targeted Antigenic Responses 
To NSCLC) trial randomly assigned 1,513 patients with 
unresectable stage IIIB NSCLC following definitive 
chemoradiation to L-BLP25 with BSC or placebo plus  
BSC (20). This study, with a primary endpoint of OS and using 
the phase II vaccine schedule, completed accrual in November 
2011. A press release at the end of 2012 mentioned that the 
START trial failed to meet its primary endpoint of improved 
OS with L-BLP25 (25.6 vs. 22.3 months for placebo; P=0.123), 
although analysis of a predefined secondary endpoint did 
suggest that patients who received concurrent chemoradiation 
may have derived some benefit from the addition of the vaccine 
(median OS for concurrent chemoradiation followed by 
vaccine: 30.8 vs. 20.6 months for concurrent chemoradiation 
followed by placebo; P=0.016) (20). 

In Asia, the smaller phase III INSPIRE study, with a 
design and patient population similar to that of START, 
began enrollment in December 2009 and is ongoing (21). In 
the United States, an ongoing phase II study is examining 
the combination of L-BLP25 with bevacizumab after 
chemoradiation for stage III NSCLC (22). 

Vaccines for advanced NSCLC

Belagenpumatucel-L
Trans forming  growth  f ac tor-be ta  (TGF-β )  i s  a 
multifunctional cytokine that works in normal and 
neoplastic cells to promote epithelial differentiation and 
inhibit cell growth (23). Elevated levels of TGF-β2 are 
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known to be linked to immunosuppression in cancer 
patients and in advanced NSCLC have been associated 
with a more aggressive phenotype and poor survival (24). 
Belagenpumatucel-L is an allogeneic whole-cell vaccine 
derived from four irradiated NSCLC cell lines (two 
adenocarcinoma, one squamous, and one large cell), that 
have been transfected with a plasmid containing the TGF-β2 
antisense trans-gene, which downregulates TGF- β2 (8).  
The efficacy and safety of belagenpumatucel-L was 
investigated in 75 patients with stage II-IV NSCLC in a 
phase II study. The patients received one of three dose levels 
of belagenpumatucel-L (1.25×107, 2.5×107, or 5×107 cells/
injection) administered as an intradermal injection once 
monthly or once every other month (8). No significant 
difference in serious adverse events was noted between dose 
cohorts, and the majority of adverse events were attributable 
to disease activity apart from flu-like symptoms, which were 
noted in 16% of patients. A partial response rate of 15% 
was achieved in a subgroup of 61 patients with stage IIIB-IV 
disease (across all dose levels) and 59% of all enrolled patients 
were free from disease progression at four months. In a 
subgroup analysis patients with both cellular and humoral 
immune response to the vaccine (n=11) had improved survival 
compared with those (n=24) classified as immune response-
negative: median 32.5 months versus 11.6 months (95% CI: 
5.6-17.6; P=0.011) (25). In a subsequent phase II study that 
enrolled 20 patients with stage IV NSCLC, no partial or 
complete responses were noted. However, 14 of 20 patients 
had stable disease at four months and no new safety issues 
were noted (26). Belagenpumatucel-L was further investigated 
in the randomized phase III STOP trial compared to 
placebo as maintenance therapy after standard platinum 
doublet chemotherapy for stage III-IV NSCLC (27).  
The primary endpoint was OS and the study completed 
enrollment of more than 500 patients in mid-2012. Results 
from this study are awaited.

EGF vaccine
The EGFR pathway is integral to the growth and metastasis 
of NSCLC. High EGFR expression is common in NSCLC 
and EGFR gene mutations are associated to response to 
EGFR tyrosine kinase inhibitors of the internal part of this 
receptor (28,29). The EGF vaccine (CIMAvax EGF) was 
developed in Cuba and consists of human recombinant 
EGF combined with a Neisseria Meningitidis-derived carrier 
protein and an immunoadjuvant (30). 

In a phase II study, 80 patients with stage IIIB-IV 
NSCLC previously treated with first-line platinum doublet 

chemotherapy, were randomized 1:1 to receive the EGF 
vaccine plus BSC or BSC alone (9). After priming with 
cyclophosphamide (200 mg/m2), patients in the vaccine 
group received the vaccine on day 1, 7, 14, 28 and monthly 
thereafter (9). A trend towards increased survival was 
observed in all vaccinated patients compared with controls, 
and the difference was statistically significant (P=0.0124) in 
the subgroup with age <60 years (median OS of 11.5 months  
for vaccinated patients compared with 5.3 months for 
controls). Vaccination was well tolerated, with fewer than 
25% of patients experiencing adverse events and no grade 
3 or 4 events were noted. Subgroup analysis pointed at a 
possible predictive value of humoral immune response. 
Patients with anti-EGF antibody titers ≥1:4,000 and at least 
four-times their pre-immunization values had a median 
OS of 11.7 months compared with 3.6 months for those 
without antibody response. 

Building on these results, an international phase III study 
has completed enrollment of 579 patients with advanced 
NSCLC who had stable or responding disease following 
initial platinum doublet chemotherapy (31). Based on an 
exploratory analysis from the phase II study suggesting 
that younger patients may derive more benefit from EGF 
vaccination, enrollment on the phase III study was confined 
to patients aged 20-65 years. Efficacy results from this study 
are expected in late 2013. This vaccine is currently licensed 
in Cuba for the use in stage IIIB/IV NSCLC. 

TG4010
TG4010 is a recombinant viral vector consisting of 
attenuated Ankara virus genetically modified to express 
MUC1 and interleukin-2 (IL-2) (32). IL-2 is included as 
immunoadjuvant because it is able to reverse the suppression 
of the T-cell response mediated by the cancer-associated 
MUC1 (33). In a phase II study, first-line cisplatin/
gemcitabine chemotherapy was administered randomly 
with or without TG4010 to 148 untreated advanced 
NSCLC patients with tumors expressing MUC1 by 
immunohistochemistry (10). The vaccine was administered 
subcutaneously each week for 6 weeks and then every three 
weeks until disease progression with primary endpoint of 
six-month PFS and a target rate of 40% or higher in the 
experimental group. The addition of TG4010 seemed to 
enhance the effect of chemotherapy with a progression-free 
survival rate at six months of 43% (95% CI: 33-54%) in the 
TG4010 plus chemotherapy group and 35% (95% CI: 26-
45%) in the chemotherapy alone group. Median OS was 
not statistically significant different between groups. 
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The prespecified analysis of the cellular immune 
response to MUC1 did not show a significant difference 
between vaccinated and unvaccinated patients. However, 
an exploratory analysis suggested that increased levels of 
activated natural killer (aNK) cells might inhibit response 
to the vaccine. In fact, the median OS was 18 months 
in patients with normal levels of aNK cells, while it was  
11.3 months in those with high levels of aNK cells (P=0.02). 
The authors hypothesized that in addition to their function 
in tumor cell death, NK cells also inhibit the adaptive 
immune response if present at highly elevated levels. 

In January 2012, a phase IIB/III study of TG4010 
was launched, comparing first-line platinum doublet 
chemotherapy with TG4010 to chemotherapy alone with 
primary endpoint of OS for the phase III (34). In the phase 
IIB part, the predictive role of aNK will be evaluated based 
on a PFS endpoint. Patients enrolled in this study will receive 
weekly subcutaneous injections of vaccine or placebo during 
the first six weeks of chemotherapy followed by injections 
once every three weeks until disease progression (34).

Immune checkpoint blockade
Several checkpoint molecules exist which dampen the 
T-cell immune response to antigens expressed by tumor 
cells (35). Monoclonal antibodies interacting with two 
of these molecular pathways, PD-1 and CTLA-4, have 
shown activity in advanced NSCLC. Immune checkpoint 
inhibition is of particular interest because some patients 
with advanced solid tumors appear to derive unusually 
prolonged benefits; this has been most clearly demonstrated 
in metastatic melanoma, where approximately 5-8% of 
patients will live many years with stable or responsive 
disease after anti-CTLA-4 antibody treatment (36,37).
Anti-CTLA-4
Monoclonal antibodies against CTLA-4 are designed to 
prevent the interaction between CTLA-4 and its ligands 
(CD80/CD86) resulting in blockade of the inhibitory 
signal provided by CTLA-4 and subsequently enhancement 
of activation and proliferation of tumor specific T-cells, 
thereby allowing an effective immune response against 
the tumor (38). Extensive investigation of ipilimumab for 
advanced melanoma led to regulatory approval showing a 
survival advantage in phase III clinical trials (36,37).

In lung cancer, a large double-blind phase II study 
assigned 204 patients with advanced NSCLC and extensive-
stage SCLC randomized patients 1:1:1 to one of three arms: 
standard carboplatin/paclitaxel chemotherapy with placebo, 
concurrent ipilimumab (four doses of ipilimumab plus 

paclitaxel and carboplatin followed by two doses of placebo 
plus paclitaxel and carboplatin), or phased ipilimumab (two 
doses of placebo plus paclitaxel and carboplatin followed by 
four doses of ipilimumab plus paclitaxel and carboplatin) (11). 
Treatment was administered intravenous every 3 weeks for  
18 weeks. Patients with stable disease or a tumor response 
after four cycles of chemotherapy continued to receive 
infusions of ipilimumab or placebo every three months until 
disease progression. The dose of ipilimumab used in this study 
was higher than that approved for melanoma (10 vs. 3 mg/kg). 

The results for NSCLC were reported separately from 
the SCLC cohort. The results of the SCLC patients are 
reported in the SCLC section of this paper review. This 
study was innovative in being the first reported phase II 
study to adopt immune-related PFS (irPFS) as its primary 
endpoint, defined as the time from random assignment 
to immune-related progression or death. In fact, the 
observations made in melanoma clinical trials pointed the 
difference of pattern of responses in immunotherapies 
compared to the ones to cytotoxic agents (39). With 
immune checkpoint inhibition, a minority of patients has 
initially demonstrated progressive disease by traditional 
Response Evaluation Criteria in Solid Tumors (RECIST) 
followed by a delayed response to immunotherapy and in 
some cases prolonged survival (40). Secondary endpoints 
for the phase II study of ipilimumab in NSCLC included 
modified World Health Organization response criteria, 
PFS, OS, and other immune-related response criteria. 

For NSCLC, the study met its primary endpoint of 
improved irPFS for phased ipilimumab (HR: 0.72; P=0.05) 
compared with control, while interestingly this was not the 
case comparing concurrent ipilimumab (HR: 0.81; P=0.13) 
with control. The reason why one schedule of ipilimumab 
administration resulted in statistically significant differences, 
while another did not is unclear and provoking. Hypotheses 
include that the phased regime allows the critical temporal 
sequencing of chemotherapy-induced antigen release prior 
to ipilimumab administration or the fact that concurrent 
chemotherapy may lower lymphocyte numbers and thus 
reduce the effectiveness of ipilimumab during a crucial 
period. The phased ipilimimab, concurrent ipilimumab, 
and control arms were associated with a median irPFS of 
5.7, 5.5 and 4.6 months, and a median OS of 12.2, 9.7 and  
8.3 months, respectively. Subset analysis for histology 
revealed an improved irPFS in squamous (HR: 0.55; 95% 
CI: 0.27-1.12) than adenocarcinoma histology (0.82) in 
the phased ipilimumab. In the concurrent ipilimumab arm 
results were similar for different histologies.
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In terms of toxicity profiles, in this trial, grade 3-4 
toxicity was high at 15%, 20% and 6% for phased, 
concurrent schedules and control group. The main 
side effects included diarrhea, colitis, transaminitis, and 
pituitary dysfunction, all of which are previously described 
side effects of CTLA-4 inhibition (41). Two treatment-
related deaths were reported. On the basis of the phase II 
results, a phase III trial is ongoing comparing with a 1:1 
randomization phased ipilimumab beginning after two 
of a planned six cycles of carboplatin-paclitaxel followed 
by maintenance ipilimumab or the same schedule of 
chemotherapy with placebo in patients with stage IV or 
recurrent lung squamous cell carcinoma (42). This large 
trial is scheduled to complete accrual in September 2014 
with a total of 920 patients and primary endpoint of OS. 
Anti-PD-1 and anti-PD-L1
The programmed death receptor 1 (PD-1) is a T-cell surface 
receptor that is member of the B7-CD28, expressed on T 
cells, B cells, natural killer cells (NK), activated monocytes 
and dendritic cells (43). The role of PD-1 in normal 
human physiology is to limit autoimmunity by acting as a  
co-inhibitory immune checkpoint expressed on the 
surface of T cells and other immune cells, including 
tumor-infiltrating lymphocytes (44). It has two ligands: 
programmed death receptor ligand 1 (PD-L1/B7-H1) and 
2 (PD-L2/B7-DC) (45). Several agents targeting PD-1 
pathway are in clinical development, including nivolumab 
(BMS-936558, anti-PD1 fully human IgG4), lambrolizumab 
(MK-3475, anti PD1 humanized IgG4), MEDI4736 
(anti-PDL1), BMS-936559 (formerly MDX-1105, anti-
PDL1 fully human IgG4) and MPDL-3280 (anti-PDL1). 
Promising early data in NSCLC have been reported in 
separate phase I studies of nivolumab, lambrolizumab and 
MPDL-3280. 

Nivolumab was investigated in a large phase I dose-
escalation study in patients with refractory solid tumors. 
A total of 296 heavily pretreated patients with advanced 
NSCLC, melanoma, renal cell carcinoma, castration-resistant 
prostate cancer, or advanced colorectal cancer were enrolled 
in the trial and received dose-escalated intravenous doses of 
nivolumab of 1, 3, 10 mg/kg every two weeks (12). Responses 
were assessed after each 8-week treatment cycle using 
Response Evaluation Criteria in Solid Tumors (RECIST), 
but the study treatment could be continued in clinically 
stable patients beyond apparent initial disease progression 
until progression was confirmed. Patients received up to 
twelve 8-week cycles until disease progression or a complete 
response. 

Toxicity from nivolumab, including fatigue and diarrhea, 
was manageable, with grade 3 or 4 toxicities experienced 
by 14% of patients. Of note, three patients on this early 
study experienced fatal pneumonitis. Because of this 
complication, treatment protocols now include the early use 
of immunosuppression and this appears to mitigate toxicity. 

Encouraging efficacy signals were seen in renal cell 
carcinoma, melanoma, and most surprisingly, NSCLC, 
where 16% of patients experienced an objective response and 
33% were free from tumor progression at six months (12).  
Responses were noted in 9 of 48 patients (18.8%) with 
squamous NSCLC and 11 of 73 patients (15.1%) with 
non-squamous NSCLC, suggesting activity in both 
histologic subtypes (12). Long-term data on 129 patients 
showed an overall response rate of 17.2% (squamous 
16.7%; nonsquamous 17.6%) with a median duration of 
response of 18.5 months (46). Drug-related adverse events 
(any grade) occurred in 71% of patients with NSCLC, 
with grade 3-4 drug-related adverse events reported 
in 14%. Drug-related pneumonitis occurred in 6% of 
patients; 2% of these were grade 3-4, and two deaths 
from pneumonitis occurred in patients with NSCLC. 
Current suggested management algorithms for patients 
with suspected grade 2 pneumonitis related to anti-PD-1 
involve discontinuation of the drug, prompt systemic steroid 
therapy, and consideration of empiric antibiotics because 
of the challenges involved in differentiating infective versus 
drug-induced pneumonitis (47). Grade 3-4 pneumonitis 
requires immediate discontinuation of the drug, early 
high dose steroid administration, and consideration of 
adjunctive immunosuppressant therapy such as infliximab, 
mycophenolate mofetil, or cyclophosphamide (47). In 
addition, patients may require prolonged tapering of 
immunosuppression to avoid recurrence of the adverse 
event. Nivolumab has now entered phase III clinical 
investigation as a single agent compared with second-line 
single-agent chemotherapy for advanced squamous and 
nonsquamous NSCLC (48,49). Expression of PD-L1 by 
immunohistochemical analysis of tumor cells is a possible 
marker of response to anti-PD-1 (12). Recently reported data 
using lack of PD-L1 expression using these assays does not 
exclude the possibility of benefit from immunomodulators 
(50,51).

L a m b r o l i z u m a b  i s  a  h u m a n i z e d  m o n o c l o n a l 
immunoglobulin G4 antibody against PD1 that has shown 
preliminary efficacy in a phase I study in advanced refractory 
solid tumors. Preliminary data in NSCLC patients showed 
that 17 patients had received lambrolizumab at one of 
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three dose levels (1, 3, and 10 mg/kg). Lambrolizumab was 
generally well tolerated. Grade 2 pneumonitis responsive to 
steroid therapy occurred in one patient, grade 1/2 pruritus 
was noted in 4 of 17 patients, and one unconfirmed partial 
response was reported in a patient with NSCLC (52). 

The anti-PD-L1 antibody, BMS-936559, was tested 
in a phase I trial in advanced solid tumors and disease 
progression after at least one prior therapy via intravenous 
infusion on days 1, 15, 29 every six weeks. The study 
enrolled 207 patients, 75 of whom had NSCLC and 49 
NSCLC patients were included in the efficacy analysis. 
Among the 49 NSCLC patients 5 patients (4 nonsquamous 
and 1 squamous cell histology) experienced an objective 
response and 6 patients experienced disease stabilization for 
at least 24 weeks (13). 

Most recently, the preliminary results of another PD-L1 
antibody, MPDL3280A, phase I trial were presented (51,53). 
MPDL3280A is an immunoglobulin G4 antibody that has 
been engineered to remove its antibody-dependent cell-
mediated cytotoxicity function, thus theoretically avoiding 
the killing of tumor-directed activated T cells. A cohort 
of 85 patients, part of a larger phase I trial in advanced 
solid tumors, were treated with intravenous infusion of the 
study drug every three weeks for a median duration of 106 
days (range, 1-450 days). Of the 85 NSCLC patients, 55% 
were heavily pretreated with at least three prior therapies, 
and the majority was represented by current or former 
smokers (81%). Median duration of therapy was 48 weeks 
and ORR was 21% in the overall population and 23% in 
the NSCLC cohort. 17% of responders were stable over 
24 weeks. The 24-week PFS was 44% in squamous cell 

NSCLC and 46% in nonsquamous cell NSCLC. No dose-
limiting toxicity was identified in this trial, nor was any 
grade 3 to 5 pneumonitis or diarrhea reported. For patients 
treated with the study drug, increased PDL1 expression 
by immunohistochemistry was associated with increased 
response. ORR was 46% in patients with IHC2 and IHC3 
and 86% in IHC3 patients. The investigators analyzed 
whether smoking status predicted for a differential effect 
and they found that former/current smokers had an ORR 
of 26% (n=43) compared with 10% in never smokers (n=10) 
(51,53). 

Currently a multi-arm phase I trial is ongoing to evaluate 
nivolumab in combination with cisplatin/gemcitabine, 
cisplatin/pemetrexed, carboplatin/paclitaxel, erlotinib (in 
EGFR mutation-positive nonsquamous NSCLC patients) 
and ipilimumab, or as a monotherapy in patients with 
treatment-naïve stage IIIB or IV NSCLC as maintenance 
therapy after chemotherapy in combination with 
bevacizumab (54).

Immunotherapy in SCLC

Few immunotherapy trials have been conducted in SCLC 
(Table 2). The BEC2/BCG (Bacillus Calmette-Guerin) 
vaccine was studied extensively in SCLC in the past decade 
based on the fact that BEC2 is a monoclonal antibody that 
mimics GD3, a glycosphingolipid antigen highly expressed 
in SCLC but rarely in normal tissue (60). When BSG 
was combined with GD3 three out of fourteen patients 
developed antibodies against GD3 (61). BEC2/BCG 
showed promising results in an early clinical trial in SCLC 

Table 2 Summary of completed and ongoing immunotherapy trials in small cell lung cancer

Immunotherapy Target Phase Stage Results

BEC2/BCG GD3 III Limited stage SCLC OS 16.4 months with BSC and  

14.3 months with BEC2/BCG;  

HR =1.12; 95% CI: 0.91-1.371 (55)

Ipilimumab or placebo + paclitaxel/

carboplatin

CTLA-4 II Previously untreated extensive 

stage SCLC

Phased Ipilimumab improved irPFS vs. 

control (HR: 0.64; P=0.03) (56)

Ipilimumab/carboplatin/etoposide CTLA-4 II Previously untreated extensive 

stage SCLC

Ongoing (57)

Carboplatin/etoposide +/–  

ipilimumab

CTLA-4 III Previously untreated extensive 

stage SCLC

Ongoing (58)

Nivolumab +/– ipilimumab PD1 and 

CTLA-4

II Previously treated after first line 

extensive stage SCLC

Ongoing (59)

BSC, best supportive care; HR, hazard ratio; OR, overall response.
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by Grant et al. (62), however a large European trial by 
Giaccone et al. (55) demonstrated no significant statistical 
difference in median OS in 515 patients with limited SCLC 
(16.4 months with BSC and 14.3 months with BEC2/BCG; 
HR =1.12; 95% CI: 0.91-1.371).

Phased Ipilimumab schedule (two cycles of chemotherapy 
plus placebo followed by four cycles with ipilimumab) 
but not concurrent ipilimumab schedule (four cycles of 
chemotherapy plus ipilimumab followed by two cycles with 
placebo) improved irPFS versus control in the extensive 
stage SCLC cohort of a phase II randomized double blind 
trial in association with carboplatin/paclitaxel chemotherapy 
(HR: 0.64; P=0.03) (56). Ipilimumab in association with 
platinum-etoposide chemotherapy versus platinum-
etoposide alone is currently tested in a phase III clinical trial 
in patients with extensive stage SCLC to enhance T cell 
responses and prolong OS (58). A phase I/II clinical trial 
of Nivolumab alone or in combination with ipilimumab is 
currently accruing patients with advanced metastatic solid 
tumors including extensive stage SCLC after first line of 
chemotherapy (59).

There are many challenges in developing immunotherapy 
for SCLC, including high burden of disease and lack of 
specific target for vaccine-based treatments. In addition, 
response to immunotherapy requires time. In extended-
disease SCLC patients have significant clinical deterioration 
with rapid progressive disease that may not allow time 
to mount an appropriate immune response. Therefore, 
timing and schedule of immunotherapy in relation to 
other therapies, in particular chemotherapy represents an 
important tool to allow disease control and development of 
immune response.

Radiation and immunotherapy

The abscopal effect is an immunologically mediated 
phenomenon in which radiation provides an antigen release 
that stimulates effector immune cells to induce tumor cell 
death outside of the irradiation field (63). These often 
impressive systemic responses have been increasingly 
observed among patients treated with the newest generation 
of checkpoint inhibitors (64,65). As such, there has been 
rising interest in the immune potentiating effects of anti-
CTLA-4, PD-1, and PDL-1 drugs to promote the abscopal 
effects when used in conjunction with limited radiation, 
where radiation can be used to provide antigen stimulation 
and help prime an immune response, which could 
potentially improve the response rate in distant unirradiated 

sites of disease.

Conclusions and future perspectives

Numerous trials are underway to explore the role of 
immunotherapy in the treatment of lung cancer. Recent 
studies of novel agents, especially the checkpoint inhibitors, 
have shown promising preliminary results in achieving 
meaningful and durable treatments responses with minimal 
manageable toxicity. Identifying patient populations 
that can derive the greatest benefit to treatment with 
immunotherapeutic agents and determining the best time in 
a patient’s treatment course to administer immunotherapy 
remain, at the moment, the most important challenging 
questions to answer. Combination of chemotherapy and/
or radiation therapy with immunotherapy and the timing of 
administration need to be further investigated. Exploration 
of immunotherapy after stereotactic ablative radiation 
therapy has recently yielded encouraging responses that 
will need to be further tested in clinical trials. Finally 
combination of the two large groups of immunotherapy, 
antigen-specific vaccines and immunomodulatory agents, 
may have synergistic effects in augmenting the anti-tumor 
immune response. 
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