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Abstract

Non Small Cell Lung Cancer (NSCLC) is often diagnosed in an advanced stage. In this setting the disease is
associated with an unfavourable prognosis. Although recent therapeutic advances using molecularly targeted agents
enable an improved prognosis, most patients still have a poor outcome. Many tumor antigens have been identified in
NSCLC and the activation of tumour antigen-specific immunity mediated by vaccination strategies is widely accepted
as an attractive new therapeutic strategy.

Different therapeutic cancer vaccines are currently under clinical development. In clinical studies vaccination
protocols targeting tumour antigens like MAGE-A3, MUC1 and hTERT have resulted in favourable survival data.
Mode of action as well as available clinical data in phase Il and Ill studies are reviewed. The success of this ongoing
tumour antigen-specific vaccination approaches is hampered by local immunosuppressive factors like TGF-f3 and
PD-1. Promising data have been obtained by inhibition of these factors facilitating effective tumour specific immune

responses. Also in this particular field we will give an update on the most promising approaches.

Introduction

Patients with advanced non-small cell lung cancer (NSCLC)
still have an unfavourable prognosis. Even though advances have
been made both in diagnostic and therapeutic modalities, limited
improvement in prognostic outcome of patients with advanced NSCLC
has been accomplished. Particularly in patients with epidermal growth
factor receptor (EGFR) mutations tyrosine kinase inhibitors enable
an improved prognosis. However, patients not showing a molecular
mutation treatable by specific tyrosine kinase inhibitors still have an
unsatisfactory median survival of 8 months only [1].

These poor survival data in patients with advanced NSCLC
demonstrate the urgent need for alternative therapies. Recent
advantages in tumour immunology have pointed to the influence
of tumour-specific, cellular immune responses on the proliferation
of malignant cells and tumour development [2]. Potentially
immunologically distinct antigens that are expressed by tumour cells
can be targeted by the patient’s immune system [3]. As a matter of
fact, cellular immune responses have been discussed as mechanisms
of tumour growth suppression [4]. It is well accepted that artificial
immunity can efficiently control and even eradicate established
tumours [5]. Harnessing the anti-tumour potential of T-cells, in
particular CD8" cytotoxic T-lymphocytes (CTL), is a promising strategy
for cancer cell eradication. Due to their relative ease of administration
and documented low toxicities vaccines that trigger T-cell responses
are very attractive therapeutic approaches.

In NSCLC patients the expression of HLA class I molecules is
associated with a favourable prognosis and less lymph node metastases
[6,7]. Cytotoxic T lymphocytes migrate into the tumour epithelium
[8] potentially recognizing tumour antigens presented by HLA class
I molecules. Moreover, careful clinicopathological studies show that
high numbers of tumour- and stroma-infiltrating CTLs are associated
with an increased disease-specific survival [9]. These findings point to
a CTL-mediated antitumour response supporting immunotherapeutic
approaches in NSCLC patients.

CTL can detect and destroy [2,3] tumour cells by recognition
of Tumour-Associated Antigens (TAA). These TAA are peptides
bound to major histocompatibility molecules that are expressed
on the surface of tumour cells. Similar to viral antigens like CMV-
or EBV-antigens, TAA are degraded by the proteasome into short

peptides, transported to the endoplasmic reticulum, packaged in the
MHC molecules and delivered as peptide-MHC complexes to the cell
surface. These peptide-MHC complexes are recognized by specific T
cell receptors (TCR) leading to the activation of TCR bearing CTLs.
The activated CTLs proliferate, produce cytokines and lyse target
cells presenting the same MHC bound TAA. Advances in tumour
immunology have demonstrated that TAA activate cancer-specific
T cell responses. In straight forward studies the target structures of
cancer-specific T cells have been identified by molecular analysis of
patient derived T cells [10,11]. These studies have been done initially
in melanoma patients and tumour samples, but have been extended
quickly to other malignancies. The results support concepts of tumour
imunosurvaillance by T-lymphocytes that can specifically attack and
destroy TAA expressing tumour cells [10,11-13]. In animal models
as well as in subsequent clinical trials it has been shown that tumour
antigen-specific T lymphocytes can cause tumour regression [14] and
multiple TAA have been identified so far [15].

TAA suitable for immuno therapeutical approaches should be
stably and specifically expressed by malignant but not by healthy
cells. These tumour-associated antigens are subdivided in Cancer/
Testis (CT) antigens, differentiation antigens, over expressed antigens,
mutated antigens and viral antigens. In non-small cell lung cancer all of
these tumour-associated antigens have been described [16-21].

MAGE-A3 Directed Vaccination

Cancer-testis (CT) antigens are specifically expressed by malignant
cells. However, in normal tissues also the testes express CT antigens.
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Because the testes do not have HLA class I molecules, activation of
CT-specific immune responses should not cause autoimmunity.
In malignant melanoma the melanoma-associated antigen gene
(MAGE)-A3 has been identified as a tumour associated antigen [22].
Nevertheless, this CT antigen is expressed not only in melanoma
but also in gastrointestinal cancers and non-small cell lung cancer.
Furthermore, within the MAGE-A3 protein there are a number of
peptides that can be presented by HLA class I and class II molecules
and can be targeted by CD4* and CD8* T lymphocytes.

The MAGE-A3 CT antigen is expressed in NSCLC of about 35%
of patients with local and locally advanced disease. The treatment of
choice is the surgical resection with curative intent. In a randomized,
placebo controlled phase II study patients with MAGE-A3-positive
stage IB to II NSCLC underwent standard treatment with complete
tumour resection. As an adjuvant therapy patients received
vaccinations with a recombinant MAGE-A3 protein in combination
with an immunostimulant. In this study clinical outcome, immune
responses as well as safety issues after MAGE-A3 immunization were
analyzed. In a survival analysis performed 44 months after surgery 35%
of vaccinated patients relapsed. In the control group 43% of patients
relapsed. Although this was a trend to better survival after vaccination,
data in disease-free survival and overall survival were not significantly
different [23]. In a large phase III study these results will be analyzed
in more detail.

hTERT Directed Vaccination Studies

The human telomerase reverse transcriptase (W\TERT), the catalytic
subunit of telomerase, is a TAA being overexpressed in almost all
malignant tumours and absent or expressed at low level in normal
human tissue [24-27].

Within the human telomerase reverse transcriptase (hTERT)
multiple epitopes have been identified leading to the investigation of
this tumour antigen as a broadly applicable immunological target.
Basic immunological studies have demonstrated that peptides derived
from hTERT are naturally processed by tumours, presented on MHC
molecules and trigger effector functions of specific CTL.

Clinical trials of multiple vaccine formulations have illustrated
that hTERT-specific immune responses can be safely induced in
cancer patients and have a noticeable impact on clinical results.
However, using the short peptide hTERT 540-548 for vaccination in
immuntherapy studies differing results of efficacy have been reported
[28-31]. In contrast, vaccinations with long peptides or hATERT mRNA
have shown more promising results [32-38].

hTERT is expressed in 93-100% of NSCLC [39,40] rendering
hTERT an attractive target for antigen-specific immunotherapy in
NSCLC patients. In vitro hTERT-specific T cells could be activated
in patients with advanced NSCLC [41]. Clinical studies using the
GV1001 polypeptide for vaccination have been initiated. GV1001
is a polypeptide consisting of the hTERT amino acids 611-626. This
16-mer promiscuous polypeptide contains fragments with binding
affinity to multiple HLA-class II molecules. Since these HLA-class IT
molecules include HLA-DR,-DP and -DQ loci, T helper (Th) responses
are activated in up to 80% of vaccinated patients [37]. GV1001 also
contains peptides with binding affinity to HLA-class I molecules,
potentially leading to the activation of both CD4* and CD8* T-cell
responses that are thought to be important for eliciting memory T cell
responses and systemic tumour cell destruction.

In patients with advanced non-small cell lung cancer two clinical

trials of vaccination with the telomerase peptide GV1001 have been
performed. In these studies the activation of specificimmune responses,
the toxicity and the clinical efficacy have been evaluated: A phase 1/
IT trial (CTN-2000) in which 8-year follow up data are now available
[33] as well as a phase II trial (CTN-2006) in which patients had been
vaccinated after chemoradiotherapy [42] have been published recently.

In the CTN-2000 trial two different hTERT peptides, GV1001
and 1540, have been used for vaccination in NSCLC patients. In
13/24 evaluable patients a GV1001-specific immune response could
be idenified by T-cell proliferation and cytokine assays. The immune
responders had a significant better median survival than nonresponders
(19 months vs 3.5 months). Detailed immunologic analysis of four
long-time survivors demonstrated long lasting GV1001-specific T-cell
memory responses in all four patients. In a follow up of more than 9
years two of these patients achieved a complete remission. After 108
and 93 months, respectively, both patients are without any signs of
relapse. These two patients are still receiving booster injections and
keep stable GV1001-specific immune reactions.

In the CTN-2006 trial 23 patients with non resectable stage III
NSCLC were included. The study treatment consisted of radiotherapy
(30x2 Gy) in combination with weekly docetaxel (20 mg/m?). This
concomitant radiochemotherapy was followed by GV1001 vaccination.
In 16 out of 20 patients who had been immunologically analyzed a
GV1001-specific immune response was detected. In 13 patients long
persistance of these GV1001-specific immune responses was shown.
There were no reports of serious adverse events. Patients with GV1001-
specific immune response had a median progression free survival
(PES) of 371 days, whereas nonresponders had a median PFS of 182
days only. These results show a trend associating a positive immune
response with extended PFS.

Both the CTN-2000 and the CTN-2006 showed the safety of
GV1001 vaccinations. Furthermore in most NSCLC patients the
vaccination established durable GV1001-specific T-cell reactivity. The
reported data show that vaccination with hTERT peptides activates
specific T-cell responses with CD8" and CD4* T-cell compartments
both that are needed for tumour eradication. These broad hTERT
reactivities mediated advantages both in overall survival (CTN 2000)
and progression free survival (CTN 2006). The observed survival
advantages in immune responders support the combination of
chemoradiotherapy with vaccination and warrant further randomized
trials.

Tumour-specific vaccination approaches predominantely aim at
the activation of cytotoxic T cells that are recognizing endogenously
processed dominant peptides derived from TAAs and presented on the
tumour cell surface on HLA class I molecules. Dominant peptides bind
with high affinity to HLA class I molecules but due to tolerance this
approach is of limited efficiacy in cancer immunotherapy as activated
T cells potentially get deleted [43,44].

A promising approach of breaking tolerance to tumour antigens
is the activation of T cells specific for cryptic peptides. Advanced
immunological studies have shown that T cells specific for cryptic
peptides are not deleted and escape tolerance [43,45-47]. However,
cryptic peptides have low affinity to HLA I molecules leading to low
immunogenicity. To improve their HLA I binding capacity cryptic
pepides can be optimized by modification of their amino acid
sequence. Rendering it immunogenic the cryptic hTERT, , peptide was
modified resulting in the optimized, cryptic, HLA-A*0201-binding,
hTERT, ,, peptide (Vx-001; Vaxon Biotech, Evry, France). In vitro,
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hTERT,,,,-specific T cells have been activated in healthy donors as well
as in prostate cancer patients. These T cells recognized and destroyed
hTERT-expressing tumour cells. However, normal cells expressing
hTERT were not killed [48]. In HLA-A*0201 transgenic mice [49]
hTERT_,, activated a tumour-specific immune response without any
signs of autoimmunity [45,48].

In NSCLC in a study enrolling HLA-A2* patients the clinical
efficiacy of vaccination with optimized low-affinity hTERT peptides
was investigated. This study had been started at the University General
Hospital of Heraklion, Crete. In this clinical trial 22 patients with
advanced NSCLC and residual (n=8) or progressive disease (n=14)
have been vaccinated with Vx-001 consisting of the optimized peptide
telomerase reverse transcriptase TERT, , presented by HLA-A*0201.
After chemotherapy and/or radiotherapy the TERT_, peptide
combined witha Montanideadjuvant wasadministered subcutaneously.
In this study the immune response, the clinical response as well as the
safety of the Vx-001 vaccination was investigated [50].

Following two injections of the optimized TERT
injections of the native TERT,,, peptide were given. The activation
of TERT_ -specific T cell responses was analyzed by enzyme-linked
immunosorbent spot assay. In addition T cells were stained with a
TERT, ,, pentamer and analyzed by flow cytometry. Peptide-specific
T cell responses were observed in the majority of patients without
toxicity. After two vaccinations activation of TERT, -specific T cells
was detected in 16 (76%) of 21 patients. After six vaccinations the
number of responding patients mounting a TERT-specific immune
response increased to 10 (91%) of 11 patients. In the clinical follow up
Stable Disease (SD) was observed in eight (36%) out of 22 vaccinated
patients. The median duration of SD was 11 months. After a median
follow-up of 10 months, patients with early activated TERT-specific
T cell responses had a significantly longer time to progression and
Overall Survival (OS) than patients not activating TERT-specific T
cell responses. The estimated median OS in responders was 30 months
whereas in non responders the OS was 4.1 months only.

.,y Peptide four

In this study it was shown that the TERT,_, peptide vaccine is well
tolerated and is activating TERT-specific T cell responses. Patients
activating TAA-specific T cells after two vaccinations have a significant
better survival. However, further randomized, phase III studies are
needed to confirm these results.

Vaccination Approaches Targeting MUCI1

Mucin 1 (MUCI) is a transmembrane, highly glycosylated protein
that is expressed at the apical surface of normal epithelial cells. In
its extracellular part the MUCI glycoprotein contains the “variable
number of tandem repeats (VNTR)”. A single tandem repeat consists
of the 20-amino-acid sequence PDTRPAPGSTAPPAHGVTSA. The
number of VNTR is varying from 25 to 120 VNTR per MUCI1
molecule [51].

In malignant cells this glycoprotein is often highly expressed with
a modification of its glycosylation pattern [52]. There are a number
of antigens exposed in cancer that are masked in normal mammary
tissue by glycosylation. Both the overexpression of the MUCI protein
and the modification of its glycosylation pattern turn this glycoprotein
into a highly immunogenic protein facilitating cancer-specific
immunotherapy studies. A cancer vaccine targeting MUCI antigens
will only eliminate cancer cells, normal cells should stay untouched.
The differences observed between MUCI as it is expressed by tumour
cells and MUCI as it is expressed by healthy cells prompted research

on the investigation if T cells specifically recognize MUCI tumour
epitopes.

Usually T cells recognize their target antigen by binding of the
T-cell receptor to the complex structure of epitope peptide and MHC
molecule. However, initial analyses demonstrated MHC-unrestricted
recognition of tumour-associated MUC1 by human cytotoxic T
lymphocytes [53]. The T cells from a pancreatic cancer patient did not
bind to the MUCI peptide presented by the MHC molecule, but bound
directly to the hypoglycosylated MUCI1 peptide. The use of MHC
restricted TAA is limited to a subgroup of patients with a particular
HLA. T cells that bind directly to MUCI peptides would enable MUC1-
specific T cell therapy in all patients independent of their HLA-type.

Further studies were initiated to identify HLA-restricted, MUCI1-
specific T-cell responses. In the VNTR Domenech and colleagues
identified the STAPPAHGV peptide. This MUCI1-peptide binds to
the HLA class I molecules HLA-A1, -A2.1, -A3, and -A11 [54]. In this
study CD8* CTLs specific for the HLA-A11/STAPPAHGV complex
were activated. However, it was not analyzed if these T cells did also
recognize the peptide on HLA-A11* tumour cells. In HLA-A*0201/
Kb transgenic mice two MUCI peptides binding to HLA-A*0201,
STAPPAHGYV, confirming previous data, and the APDTRPA peptide,
have been identified in the VNTR [55].

Two other MUCI peptides with good affinity to HLA-A*0201,
LLLLTVLTV and STAPPVHNYV, have been described by Brossart et
al. [56]. The LLLLTVLTV peptide is encoded by the signal sequence
of MUCI, whereas the STAPPVHNYV is part of the flanking region of
the VNTR.

In addition, one HLA-DR3-restricted MUCI epitope, that is
encoded by the VNTR and can be recognized by CD4+ T lymphocytes,
has been identified [57].

These data obtained in preclinical studies are now investigated in
clinical phase IIB/III trials with MUCI-specific immunotherapy in
NSCLC patients. L-BLP25 (Stimuvax®) isaliposomal vaccine designed to
induce immune responses to MUCI expressing cancer cells. It contains
the 25-amino-acid peptide STAPPAHGVTSAPDTRPAPGSTAPP
corresponding to the core peptide of MUCI. At the C terminus this
polypeptide is coupled with a palmitoyl lysine residue facilitating
incorporation of this lipopeptide into the liposome [58,59]. Structural
lipids promote antigen uptake by antigen-presenting cells and, hence,
immune responses. Furthermore the lipid adjuvant potentiates T-cell
response by inducing proinflammatory cytokines.

The L-BLP25 liposomal vaccine has been given to patients with
NSCLC and was tolerated well [60,61]. In a phase II study in patients
with stage ITIB/IV NSCLC vaccination with L-BLP25 was associated
with an impressive, although not significant survival benefit. However,
specific immunological responses were not seen [62]. Based on
these promising results a randomized phase III study (START)
with L-BLP25 vaccination was performed in patients with advanced
NSCLC. Standard therapy of unresectable stage III A/B NSCLC
consists of platinum-based chemotherapy with concurrent thoracic
radiation leading to a 5-year survival of 15% only. In the START study
1513 pts with stage ITII NSCLC that could not be surgically resected
and that did not progress after radiochemotherapy were randomized
to L-BLP25 or placebo (PBO). Cyclophosphamide 300 mg/m? or saline
was given 3 days prior to first L-BLP25/PBO dose. While the median
survival in patients receiving sequential chemoradiotherapy was not
significantly improved subgroup analysis of patients with concurrent
chemoradiotherapy (n=806) showed a median OS of 30.8 m (L-BLP25)
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vs. 20.6 m (PBO). Specifically, the trial showed a striking 10.2 month
difference in favour of L-BLP25 vaccinated patients (p=0.016).

In conclusion L-BLP25 maintenance therapy in stage III NSCLC
did significantly prolong OS in patients receiving concurrent
radiochemotherapy.

An interesting approach is the use of a recombinant virus, TG4010,
a modified Vaccinia Ankara virus. This recombinant virus is encoding
both MUCI and the immunostimulatory cytokine IL-2. Clinical and
immunological activity of TG4010 has been investigated in prostate
cancer, renal cell carcinoma (RCC), and NSCLC [63-65]. In prostate
cancer patients the doubling time of prostate-specific antigen (PSA)
was improved, indicating therapeutic activity of TG4010 [64]. In RCC
MUCTI-specific T cell responses were observed after TG4010 vaccination
[65]. In lung cancer patients vaccination with TG4010 prolonged
progression free survival by six months. In this study patients received
either chemotherapy in combination with the TG4010 vaccine or
chemotherapy only [66]. To analyze the combination of chemotherapy
and TG4010 in NSCLC patients these data are currently investigated in
a phase IIB/III study.

Perspectives

Considering the therapeutic success of vaccination therapy
especially in NSCLC patients the activation of tumour-specific T
cell responses warrants further work to address the identification of
biomarkers for patients eligible for therapeutic vaccination.

In a recent study the gene expression signature of vaccinated
NSCLC patients was analyzed to identify biomarkers for the activation
of MAGE-A3 antigen-specific T cell responses [67]. For detection
of the pretreatment gene expression signature (GS) predicting the
clinical course after MAGE-A3 vaccination tumour samples of early
stage NSCLC patients were analyzed. mRNA from tumour biopsies of
MAGE-A3 vaccinated patients was analyzed by microarray analysis and
quantitative polymerase chain reaction. In a phase II trial patients had
been vaccinated with the MAGE-A3 TAA and the immunostimulant
AS02B [23]. The expression of 84 genes that had previously been
identified in melanoma patients was associated with clinical benefit.
After vaccination GS-positive patients had better disease-free survival
than placebo-treated GS-positive patients, whereas GS-negative
patients did not show any difference. However, the differences were not
statistically significant. The gene signature associated with a favourite
prognosis was characterized by components of antigen processing as
well as overexpression of MHC class I and II molecules. In addition
T cell markers and genes coding for chemokines that support T cell
infiltration of the tumour microenvironment were over expressed.
These results suggest that the clinical response depends on the
expression of the gene signature in the tumour microenvironment. In
patients with early stage NSCLC, that had been treated with tumour
resection and MAGE-A3 vaccination the 84-gene GS was related to a
favourite clinical course.

Although human cancers harbor antigens that can be targeted by
TAA-specific T lymphocytes the immune system is repeatedly unable
to mediate functional T cell responses. A number of patients with
activated tumour-specific T cell response do not benefit from these
TAA-specific lymphocytic cell populations. Tumours have or may
develop multiple mechanisms of resistance.

Programmed death 1 (PD-1) is normally expressed by activated T
cells. PD-1 ligands like PD-L1 and PD-L2 can be expressed by tumour
and stromal cells mediating T cell apoptosis and immuno supression

[68]. In preclinical studies the blockade of PD-1 and PD-L1 binding
increased T-cell activation resulting in tumour-specific T cell activity
in vitro [69].

In a clinical trial 296 cancer including lung cancer patients were
treated with the monoclonal antibody BMS-936558, a specific anti-
PD-1 antibody [70]. In patients with NSCLC clinical responses were
reported in 33% of patients with squamous cell lung cancer and 12%
with nonsquamous cell cancer. In 8 patients clinical response lasted at
least 6 months, 2 patients had a 1 year ongoing response.

Potentially in patients with cancer cells expressing PD-L1 the
inhibition of binding to PD-1 expressed on T cells may unleash an
endogenous antitumour immune response. It remains unknown why
only a subgroup of patients was responding to the anti-PD-1 antibody.
However, in the above mentioned study 42 cancer patients were
analyzed for the expression of PD-1L. There was a significantly higher
clinical response rate in patients with PD-1L positive tumour samples
whereas in patients with PD-1L negative tumours there was no clinical
response.

Transforming growth factor beta (TGF-p) is an immunosuppressive
cytokine regulating both growth and function of healthy as well as
cancer cells [71]. An increased production of TGF-B2 is associated
with immunosuppression in cancer patients [72,73] and in patients
with NSCLC high levels of TGF-f2 are correlated with an unfavourable
prognosis [74]. Using an antisense gene inhibiting TGF-p2, cellular
TGF-B2 production was decreased. This blockade of TGF-P2 expression
resulted in increased immunogenicity of gene-modified cancer
cells [75].

Based on these results a randomized phase II study of vaccination
with belagenpumatucel-L was conducted in NSCLC patients [76].
Belagenpumatucel-L is an allogeneic tumour cell vaccine consisting of
four NSCLC lines that had been transfected with the TGF-p2 antisense
transgene. Focusing on patients with advanced disease 15% of patients
got a partial response. In 61 patients with advanced stage IIB and IV
NSCLC the immune responses were analyzed. An increase in IFN-y
producing cells was observed among clinical responders. In these
patients also a response mediated by antibodies to the vaccine’s HLAs
was detected. In addition, T cell reactivity to belagenpumatucel-L
shown by ELISPOT analysis was linked to a trend to clinical response.

Conclusion

Comparing the above mentioned studies clinical success in NSCLC
patients was observed in all vaccination protocols. However, MAGE-A3
vaccination in patients with resected, local disease was associated with a
trend to better survival only. Interestingly the gene signature identified
in this study was correlated with an improved prognosis. However,
these data again were not significant and showed a trend only to better
survival in favour of patients with the GS.

In contrast in patients with locally advanced, non resectable
stage III NSCLC GV1001 vaccination demonstrated a significant
better survival in immune responders. The detailed analysis of T cell
responses before and after vaccination was a major advantage of the
CTN 2000 and the CTN 2006 study. These analyses demonstrated the
activation of both CD4* and CD8* T cells making attractive the use
of polypeptides in vaccination protocols. The induction of long lasting
T cell responses associated with ongoing clinical remissions further
supports this approach.

Similarly in patients with advanced disease who had been

J Mol Genet Med
ISSN: 1747-0862 JMGM, an open access journal

Volume 7(4): 1000088



Citation: Gahn B (2013) Vaccination Strategies in NSCLC Patients. J Mol Genet Med 7: 88. doi: 10.4172/1747-0862.1000088

Page 5 of 6

vaccinated with the hTERT_ peptide (Vx-001) and activated a TAA-
specific T cell response a significant survival benefit was observed. The
activation of hTERT- specifc T cell responses in 91% of vaccinated
patients strongly supports the use of cryptic peptides in vaccination

protocols.

Also the START study showed a significant survival benefit in
patients with locally advanced disease. The survival advantage was
limited to patients who received L-BLP25 vaccination after concomitant
radio chemotherapy. Unfortunately the START-study did not analyze
the TAA-specific T cell response in detail. However, the L-BLP25 again
is a polypeptide containing a number of HLA class I restricted peptides.
Potentially also HLA class II peptides are located within the L-BLP25
facilitating CD4* in combination with CD8" T cell responses.

To identify those patients capable of activating a TAA-specific
immune response biomarkers would be desirable. Since specific
markers are still missing biomarkers predicting the activation of TAA-
specific immune responses are urgently needed. Further investigation
of T cell gene signature might detect even more genetic factors crucial
for efficient immune responses. In addition the detailed analysis of
immune inhibitory molecules in the tumour microenvironment could
enable protocols with blockade of immune suppressive factors like
PD-1L and TGEFp. If efficient T cell activation in vaccination protocols
with polypeptides and optimized, cryptic peptides is combined with
blocking of immune inhibitory pathways clinical benefit in all NSCLC
patients might be achieved.
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