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Abstract: Non-small cell lung cancer (NSCLC) unfortunately carries a very poor prognosis.
Patients usually do not become symptomatic, and therefore do not seek treatment, until the cancer
is advanced and it is too late to employ curative treatment options. New therapeutic options are
urgently needed for NSCLC, because even current targeted therapies cure very few patients.
Active immunotherapy is an option that is gaining more attention. A delicate and complex
interplay exists between the tumor and the immune system. Solid tumors utilize a variety of
mechanisms to evade immune detection. However, if the immune system can be stimulated to
recognize the tumor as foreign, tumor cells can be specifically eliminated with little systemic
toxicity. A number of vaccines designed to boost immunity against NSCLC are currently under-
going investigation in phase III clinical trials. Belagenpumatucel-L, an allogeneic cell vaccine
that decreases transforming growth factor (TGF-B) in the tumor microenvironment, releases the
immune suppression caused by the tumor and it has shown efficacy in a wide array of patients
with advanced NSCLC. Melanoma-associated antigen A3 (MAGE-A3), an antigen-based vac-
cine, has shown promising results in MAGE-A3* NSCLC patients who have undergone complete
surgical resection. L-BLP25 and TG4010 are both antigenic vaccines that target the Mucin-1
protein (MUC-1), a proto-oncogene that is commonly mutated in solid tumors. CIMAVax is a
recombinant human epidermal growth factor (EGF) vaccine that induces anti-EGF antibody
production and prevents EGF from binding to its receptor. These vaccines may significantly
improve survival and quality of life for patients with an otherwise dismal NSCLC prognosis.
This review is intended to give an overview of the current data and the most promising studies
of active immunotherapy for NSCLC.

Keywords: immunotherapy, non-small cell lung cancer, Belagenpumatucel-L, melanoma-
associated antigen A3 (MAGE-A3), L-BLP25, TG4010, CIMAVax

Introduction

Lung cancer is the leading cause of cancer mortality in the US and worldwide, account-
ing for over one million deaths annually. Approximately 85% of newly diagnosed lung
cancers are categorized as non-small cell lung cancers (NSCLC).! NSCLC includes
squamous cell carcinoma, adenocarcinoma, and large cell carcinoma. Unlike other
common types of solid tumors, such as breast cancer and colon cancer, there are no
screening modalities for early detection of lung cancer in the general population.??
As a result, many of these patients have locally advanced or metastatic disease by
the time they become symptomatic and present for care. Patients with stage I1Ib or
IV NSCLC are deemed to have unresectable tumors and while they may benefit from
palliative chemotherapy, radiation, or both, a cure is unlikely. Even if the NSCLC
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can be completely resected, the 5-year mortality is 40% in
stage I disease, 66% in stage II disease, and 75% in stage I1la
loco-regional disease. Micrometastases are commonly left
behind after surgical resection, resulting in eventual relapse.
As such, a diagnosis of NSCLC carries a poor prognosis
under all circumstances.*

Systemic chemotherapy for NSCLC has reached a
plateau in effectiveness for several years and certainly
biological therapy (approved antiangiogenic agents and
tyrosine kinase inhibitors) has slightly improved survival;
however, the mortality of NSCLC is very high and survival
after development of metastatic disease is less than 2 years.
Therefore, new approaches are required to improve current
outcomes.’

Active-specific immunotherapy is an area of oncology
that is rapidly expanding and delivering promising results
such as asymptomatic prostate cancer with the use of
sipuleucel-T.¢ In the field of lung cancer, there are multiple
vaccines focused on creating specific antitumor activity in
NSCLC (Table 1).7

Table | Therapeutic vaccines in NSCLC

Target Composition Features Indication
Belagenpumatucel-| Allogeneic Cell lines Stage llla/b
tumor cells transfected and IV after
from 4 with a TGF-2 chemoradiation
irradiated antisense or platinum
NSCLC cell based
lines chemotherapy
MAGE-A3 Purified Liposomal Stage Ib, Il and
MAGE-A3 formulation llla after
recombinant containing the surgical
protein ASI5 Adjuvant  resection
System +/- adjuvant
chemotherapy
L-BLP25 Tumor- Liposomal Stage lllb
associated vaccine unresectable
MUC-1 containing after
BLP25 chemoradiation
lipopeptide an or
immunoadjuvant chemotherapy
and 3 lipids
TG4010 Tumor- Recombinant Stage IV with
associated viral vector chemotherapy
MUC-I| expressing both  or after it.
MUC-1 and
interleukin-2
EGF Human Recombinant Stage IlIb/IV
recombinant EGF conjugated  after first line
EGF to an chemtherapy

immunoadjuvant

Note: Data from.”

Abbreviations: EGF, epidermal growth factor; NSCLC, non-small cell lung cancer;
MAGE, melanoma-associated antigen; TGF, transforming growth factor; MUC-1,
Mucin-1.

The immune system in NSCLC

The immune system plays an important role in the interaction
between cancer and its host. Scientists have long understood
that tumors can be recognized by a patient’s immune system.
Rare reports dating back to the 1800s have documented
spontaneous tumor regression after infectious events.® Such
regressions, however, are usually seen in only very immuno-
genic tumors, such as renal cell carcinoma and melanoma.*!'°
NSCLC is a notoriously non-immunogenic cancer, or a
cancer in which we have been unable to trigger an appropriate
immune response for multiple reasons and this character-
istic has limited the development of immune therapies for
NSCLC." If, however, the immune system can be stimulated
to recognize the tumor as an antigen, it can be utilized to
specifically attack the tumor. This strategy allows the patient
to avoid toxicities, like myelosuppression, neutropenic fever,
mucositis, hair loss, and GI disturbance, which arise from
indiscriminately destroying all dividing cells with systemic
chemotherapy. Therapeutic vaccines have been developed
for the treatment of other types of cancers. For example,
Sipuleucel-T is a monoclonal antibody vaccine in phase 11
clinical trials that modulates T cell activity in patients with
metastatic melanoma and castrate-resistant prostate cancer.®!?
There is evidence to suggest that a similar approach could be
very beneficial to the survival and quality of life of NSCLC
patients.’

Malignant cells may express or be induced to express
antigens that identify themselves to the immune system
as foreign invaders that must be removed. Dendritic cells
(DCs) and macrophages process and present these antigens
in the complex of major histocompatibility (MHC) class 1
and class II molecules. This antigen presentation results in
the activation of immune effector cells, namely cytotoxic
T lymphocytes (CTLs). These CTLs then recognize the
antigens on tumor cells and induce apoptosis via granzyme
and perforin production. In NSCLC, many of the infiltrating
T lymphocytes are actually immunosuppressive regulatory
T cells (CD25+), which secrete transforming growth factor
B (TGF-B) and dampen the immune response to the tumor.'?
In the presence of TGF-B, the formerly potent CTLs will now
tolerate the tumor-associated antigens, rather than causing
apoptosis. Tumor cells can also favor tolerant DCs that drive
the differentiation of T cells towards the immunosuppressive
regulatory T cells, rather than the cytotoxic T cells. Thus,
there are many targets that can be utilized to induce immu-
nogenicity of NSCLC."?

Active immunotherapy has been proposed as a novel
method to palliate metastatic and non-operable NSCLC
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patients and as an adjuvant therapy to surgical resection.
A therapeutic vaccine is composed of one or more tumor
antigens, and sometimes with an adjuvant that the immune
system recognizes as foreign. Such a vaccine induces a
powerful and enduring immune response to the specific
tumor antigen(s). Via the immune mechanism described
above, the tumor antigens are taken up by DCs and CTLs
are subsequently activated for tumor destruction.'*

Vaccines can either be immune system modulators
directed to allow de novo generation of antitumor activity
or agents that elicit specific antitumor activity, known as
therapeutic cancer vaccines.'® Therapeutic cancer vaccines
are classified in either whole-cell vaccines or vaccines that
target specific antigens. These vaccines have been developed
for all stages of NSCLC and have been studied in Phase II
and are currently undergoing Phase I1I clinical trials (Tables 1
and 2).71617

A good example of a whole cell vaccine is Belagen-
pumatucel-L, developed from four different NSCLC cell
lines, each with an antisense gene for TGF-B2. There are
different vaccines that target specific antigens in the can-
cer cell, including the melanoma-associated antigen A3
(MAGE-A3; only found in cancer cells) vaccine, while
the L-BLP25 and TG4010 vaccines are antigen vaccines
that target the Mucin-1 protein. Finally, the CIMAVax
vaccine targets EGF and prevents it from binding with its
receptor, effectively preventing tumor growth. Each of
these vaccines has shown promising results in Phase II
trials (Table 1) and offers many potential targets for the
directed treatment and improved survival of NSCLC
patients (Table 1).°

Early studies of immunotherapy

for lung cancer

Lung cancer immunotherapy before 1990 focused on nonspe-
cific immune stimulants including Bacille Calmette-Guerin
(BCG), thymosin, and Corynebacterium parvum.'® Small cell
lung cancer (SCLC) was commonly investigated because it
was feasible to treat patients with minimal residual disease
following curative chemotherapy and radiation.

Two larger series of patients with lung cancer treated
with BCG found improvements in survival compared to
historical controls, as well as a survival benefit for intra-
pleural BCG injection for patients with pleural effusions.'*
Patients with adenocarcinomas were reported to respond
better than those with squamous cell carcinomas.?!
Excitement about nonspecific agents was tempered, how-
ever, by a randomized study of BCG as adjuvant therapy

for SCLC demonstrating no impact on overall survival.?
In addition, a study of preoperative intra-tumoral injec-
tion of BCG found no impact on disease-free or overall
survival;?® however, both of these randomized trials were
underpowered to detect small differences. The role of
BCG in lung cancer immunotherapy is now primarily as
an adjuvant immune stimulant with autologous tumor or
antigen-specific vaccine strategies.”* T cell growth factor
thymosin, another nonspecific immune stimulant, was
found to have activity in combination with chemotherapy,
especially among patients whose immune systems were not
activated at the time therapy was initiated.?

Similarly, early studies using the bacterium C. parvum as
a systemic antitumor agent for NSCLC demonstrated dose-
related tumor responses, but no effect on overall survival.'®

During the 1990s, nonspecific immunotherapy was
attempted with interleukin (IL)-2 and other cytokines or
inflammatory mediators. For example, Schiller et al* reported
a series of 15 patients with advanced lung cancer treated
with IL-2 and tumor necrosis factor (TNF)-o.. Cardiopul-
monary toxicity was common, and there were no significant
tumor responses. Similarly, a combination of IL-2 and
interferon (IFN)-o. demonstrated no benefit.’” A combina-
tion of IL-2 and melatonin, on the other hand, demonstrated
a clinical benefit (20% partial response, 50% stable disease)
in a study of 20 patients.?®

Types of therapeutic vaccines

in non-small cell lung cancer

There are two types of vaccines in NSCLC: passive and
active immunization. Passive immunization involves the
administration of antibodies, as intramuscular immune globu-
lin derived from pooled human serum or antitoxin derived
from serum harvested from immunized animals (Table 3).
Passive immunization offers short-term protection to people
who have been or will be exposed to a specific pathogen and
is typically used by immunocompromised patients who are
unable to produce an effective immune response with active
immunization.

Active immunization involves the administration of anti-
gens that stimulate the host to produce a primary immune
response (usually by inducing B cell proliferation, antibody
response, and T cell sensitization; Table 4). If an individual is
subsequently exposed to the pathogen against which the vac-
cine is directed, the exposure results in a secondary response
that includes increased proliferation of B cells and formation
of antibodies. The secondary response protects the individual
from developing disease, ideally for life.
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Nowadays, there are multiple monoclonal antibodies to treat
different types of cancer, such as rituximab for lymphoma
and transtuzumab for breast cancer. So far, however, passive
immunotherapy has not made an impact on lung cancer.

Trastuzumab (anti-human epidermal growth factor recep-
tor [HER] 2 antibody) has been evaluated for patients with
advanced NSCLC. In a Phase II study of 24 patients with
HER-2 overexpressing tumors, only one patient had a partial
clinical response to therapy. In another study, trastuzumab
was tested in combination with chemotherapy for advanced
NSCLC. None of the 13 HER2-positive patients in this cohort
responded to targeted therapy.?’

Another agent that has been developed recently is an
antibody targeting the ganglioside fucosyl GM-1. In preclini-
cal studies, this drug was shown to decrease formation of
metastatic lung cancer via antibody-dependent cell-mediated
cytotoxicity. Antigen-specific radioimmunotherapy has been
attempted for SCLC by utilizing bispecific monoclonal
antibodies. This was felt to be a promising treatment strategy
because SCLC is highly radiosensitive. In one study, anti-
carcinoembryonic antigen (CEA) antibody was attached to a
radionucleotide-binding antibody; 3 of 12 patients responded
to this treatment.*

Active immunizations for NSCLC
There are different active vaccines for NSCLC, the two most
important ones are whole cell vaccines and antigen specific
vaccines.

Whole cell vaccines

Belagenpumatucel-L

Belagenpumatucel-L is an allogeneic whole cell vaccine
that was created from four different NSCLC cell lines (one
squamous cell carcinoma, one large cell carcinoma, and two
adenocarcinoma) that were genetically modified to elaborate
an antisense oligonucleotide to TGF-B2. Because this vaccine
was created from multiple cell lines, it has a wide array of
antigens and is thus potentially beneficial in most NSCLC
patients. TGF-B suppresses the activity of natural killer
cells, CTLs, and dendritic cells, effectively shutting down
antitumor immune function. TGF-J also has the capacity to
convert immature T cells to immunosuppressive regulatory
T cells by inducing the transcription factor Forkhead box P3
(FOXP3). Preclinical studies revealed that antisense inhibi-
tion of TGF-B2 expression enhances effector cell-mediated
tumor death. High TGF-B2 levels are associated with poor
prognosis in NSCLC. Fortunately, Belagenpumatucel-L

causes the downregulation of TGF-f2. By decreasing the
amount of TGF-B32 in the tumor microenvironment, immunity
against the tumor is restored.’!

In a Phase II trial by Nemunaitis et al, in 2006, 75 NSCLC
patients with stage II-1V disease were randomized to receive
intradermal injections with one of three different dosage
levels of Belagenpumatucel-L (1.25 x 107, 2.5 x 107, or 5 X
107 cells/injection) either every month or every 2 months, up
to a maximum of 16 doses. Study participants were required
to have an estimated tumor burden of 125 mL or less exclud-
ing bone and nodal disease, but there were no restrictions in
regards to previous therapies. Most of these patients (61 of 75)
had advanced disease that could not be surgically resected.
Fifteen percent of the study participants with advanced
diseased showed a partial response to the experimental
treatment. The study revealed two important points about
this vaccine. First, the patients who received one of the two
higher dosage levels (>2.5 x 107 cells/injection) had a sig-
nificantly improved overall survival rate of 47% relative to
the overall survival rate of 18% for participants who received
the low dosage level (1.25 x 107 cells/injection; P = 0.0069).
Second, a subgroup analysis performed on those patients
that had a partial response along with antibody-mediated
response showed a significant increase in the production of
interferon-Y, IL-4, and IL-6 (P =0.014). The overall survival
rate of 32.5 months among responders constitutes a statisti-
cally significant increase in response compared to patients
who did not respond; these control patients had an overall
survival of 11.6 months (P = 0.011). Belagenpumatucel-L
demonstrated minor toxicity with only one grade 3 adverse
event. This was a single patient who developed edema at the
injection site. Although another participant developed chronic
myelogenous leukemia 5 months after the final cycle of treat-
ment with Belagenpumatucel-L, this event was reportedly
unrelated to vaccine administration.*

Based on the promising results of the Phase II trial, the
survival, tumor-free, overall, and progression-free (STOP)
Phase III randomized placebo-controlled clinical trial was
designed to assess whether Belagenpumatucel-L can prolong
the overall survival of stage III and IV NSCLC patients by
at least three months.® Patients with stage I1la/Illb, or IV
NSCLC will receive 18 monthly immunizations (2.5 X
107 cells/injection) followed by two booster injections at
3 month intervals. Controls receive best supportive care
and placebo injections. To qualify for enrollment, patients
must have responded to chemotherapy or had stable disease
following a platinum-based chemo regimen. The primary
endpoint is overall survival with secondary endpoints of

submit your manuscript

118

Dove

ImmunoTargets and Therapy 2013:2


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Vaccines in NSCLC

Table 2 Phase I clinical trials of therapeutic vaccines in NSCLC

Vaccine Target Study Estimated Stage  Study design Primary Estimated
total endpoint completion
Patients (n) Date
Belagenpumatucel-L  TGF-32 STOP (Survival, tumor-free, 506 llla, llb,  Vaccine + BSC vs ~ Overall October
overall and progression-free) or IV placebo + BSC survival 2012
Trial* after response to
chemotherapy
MAGE A3 Melanoma- MAGRIT (MAGE-A3 as 2,270 Ib, Il, or  Resection + Disease-  October
associated  adjuvant non-small cell lung Illa chemotherapy + free 2016
antigen A3 cancer immunotherapy) Trial*¢ vaccine vs survival
Resection +
vaccine in
MAGE-A3 +
patients
L-BLP25 Mucin-| START (stimulating targeted 1,476 1lib L-BLP25 + BSC or  Overall September
protein responses to NSCLC trial)* BSC alone after survival 2014
response to
chemotherapy
TG4010 Mucin-1 TIME (TG4010 immunotherapy in 1,000 I\ Chemotherapy +  Overall December
protein patients with stage IV non-small cell TG4010 vs survival 2016
lung cancer) Trial* Chemotherapy +
placebo
CIMAVax-EGF EGF A Phase Il/lll trial to assess the safety, 579 lllbor  CIMAVax + BSC Overall Complete
immunogenicity and preliminary I\ or BSC alone after survival

efficacy of recombinant human
EGF-rP64K/montanide ISA 51 vaccine
administered to patients with non-
small-cell lung cancer (NSCLC)

after receiving conventional first

line chemotherapy*

responding to
chemotherapy

Abbreviations: BSC, best supportive care; Cl, confidence interval; EGF, epidermal growth factor; HR, hazard ratio; MAGE, melanoma-associated antigen; NSCLC, non-small

cell lung cancer; TGF, transforming growth factor; vs, versus.

progression-free survival, quality of life, and time to progres-
sion. This trial had an estimated completion date of October
2012 and enrolled 506 patients.>

Antigen specific vaccines

MAGE-A3

MAGE-A3, a melanoma-associated antigen, is a specific
tumor antigen that is not found on normal cells. MAGE-
A3 is found only in the testis, but it is not presented as
an antigen because of the lack of MHC class I molecules
in this immune-privileged location. The MAGE-A3 pro-
tein is expressed in a variety of cancers, including 35%
of NSCLC. MAGE-A3 expression is associated with

Table 3 Passive immunization

Advantage Disadvantages

Immediate immunity
Pharmacologic control
Rapid development time
High specific activity

Costly

Temporary immunity
Requires IV administration
Dose response uncertain
There are no memory antibodies

Abbreviation: 1V, intravenous.

poor prognosis, and the rate of expression increases as the
disease progresses (30% in stage I NSCLC and 50% in
stage II NSCLC). MAGE-A3 gene activation occurs early
in lung carcinogenesis and this epitope has well-documented
CTL immunogenicity. MAGE-A3 is found most frequently
in squamous cell carcinoma amongst the NSCLCs. The
MAGE-A3 vaccine is an antigen vaccine that consists of
a full-length MAGE-A3 protein complexed to part of the
Hemophilus influenzae protein D, packaged with lipid
adjuvants. It has been designed for use in the postoperative
setting in patients with stage I, II, or IIla cancer. In patients
who have undergone surgical resection, the clinical useful-
ness of these vaccines is maximized because of the lower

Table 4 Active immunization

Advantage Disadvantages

Long protection Depend on host immune system
(not everyone may be protected)
Less costly

Less side effects

Protective response takes time
Long development time

Memory antibodies production Dose response uncertain

ImmunoTargets and Therapy 2013:2
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postoperative tumor burden and the more direct access
vaccine has to all tumor cells.**

In the Phase II trial by Vansteenkiste et al in 2007, 182
MAGE-A3+ patients with surgically resected stage Ib and
IT NSCLC received induction with five doses of either
MAGE-A3 300 ug vaccine or placebo every 3 weeks and
then maintenance therapy of eight doses or placebo every
3 months. Follow-up at 28 months revealed improved disease-
free interval (primary endpoint) in the treatment group with a
hazard ratio of 0.74 (95% confidence interval [CI] 0.44—1.2;
P =0.107). In study participants with stage Ib/II resected
NSCLC, treatment with the MAGE-A3 vaccine decreased
the risk of recurrence by 25% (hazard ratio [HR] = 0.75;
95% CI 0.46-1.23). Moreover, in those participants with
documented MAGE-A3 expression, treatment decreased
relative risk of recurrence by 43% (HR = 0.57; 95% CI
0.25-1.34). Although these results did not reach statistical
significance, a clear survival benefit was observed in this
trial. After a median follow-up of 44 months, only 30.3%
of the treatment group experienced relapse, compared to a
rate of 41.7% in the control group. The vaccine was well-
tolerated with only mild flu-like symptoms and injection
site reactions.*

Following the results of the Phase II trial, MAGE-A3
as adjuvant non-small cell lung cancer immunotherapy
(MAGRIT), the largest Phase III lung cancer study in history,
was designed and is ongoing. MAGRIT is a randomized,
double-blinded, placebo-controlled study that evaluates the
use of the MAGE-A3 vaccine as adjuvant therapy. Study
participants have completely resected stage Ib, II, or Illa
NSCLC, and are MAGE-A3+ by polymerase chain reaction
(PCR). The study also compares the efficacy of MAGE-A3
vaccine in participants who underwent resection and adju-
vant chemotherapy with a control group who solely under-
went resection prior to vaccination. Patients in the study
are assigned in a 2:1 ratio to the treatment group versus the
placebo group. Five doses are to be administered at 3-week
intervals for induction and followed by maintenance therapy
with vaccination every 12 weeks. The primary objective is
disease-free survival in MAGE-A3 treatment after com-
plete resection. Secondary objectives include efficacy in
the overall population and efficacy in patients who did not
receive adjuvant chemotherapy. A recent meta-analysis on
7,626 patients from 25 different randomized trials revealed
a pronounced correlation between disease-free survival and
overall survival. These results lend further credibility to the
use of disease-free survival rates as a primary endpoint.
The MAGRIT trial is ongoing, with a planned enrollment

of 2,270 patients, and has an estimated completion date of
October 2016.3

Mucin-1| targets: L-BLP25 and TG4010
Mucin-1 (MUC-1) is a transmembrane protein normally
found on the apical surface of cells. In many malignancies,
MUC-1 is found to be overexpressed and under-glycosylated
or aberrantly glycosylated. This deranged glycosylation
can unmask epitopes on the peptide core that may act as
tumor-associated antigens. MUC-1 is an oncogene com-
mon to breast, lung, colon, pancreatic, and ovarian cancers
that is believed to be involved in tumor cell migration and
resistance to chemotherapy-related apoptosis. High serum
MUC-1 levels are associated with poor survival, presumably
due to immune suppression in the tumor microenvironment.
MUC-1, abnormally expressed in almost half of all NSCLC,
has been proven to inhibit physiologic T cell proliferation.
This activity of MUC-1 decimates the host’s antitumor
immune response, which normally relies on CTL tumor cell
killing. MUC-1 oncogene immune evasion by CTL inhibition
is confirmed by the administration of IL-2, which circumvents
this process and stimulates T cell proliferation. The glycosyla-
tion pattern on the abnormally expressed MUC-1 in NSCLC
makes it an attractive target for immune therapy.*’

L-BLP25 (Stimuvax) is a 20-amino acid peptide with
low-dose cyclophosphamide in a liposomal vehicle. The
cyclophosphamide is used to interfere with the number
and function of CD25 regulatory T cells in the tumor
microenvironment. The liposomal vehicle enhances tumor-
associated antigen recognition. This synthetic vaccine targets
the exposed core of MUC-1 when aberrantly glycosylated,
which induces immune response against the tumor cell.
Antigen-specific CTL proliferation and production of IFN-Y
occur in response to vaccine administration.*®

A randomized Phase II trial was conducted by Butts et al
in 2007 on 171 stage I1Ib or IV NSCLC patients after response
or stable disease to first-line chemotherapy. Participants were
then randomized to receive either L-BLP25 with best support-
ive care or, alternatively, best supportive care alone. Patients
undergoing the treatment regime received a single dose of
cyclophosphamide 300 mg/m? three days before adminis-
tration of the vaccine, followed by eight doses of L-BLP25
vaccine (1000 pg), given weekly. Maintenance vaccinations
could be given to the study group every 6 weeks thereafter,
at the discretion of the investigator, until the patient exhibited
disease progression. The primary objective was median overall
survival, which was 17.2 months in the treatment group versus
13.0 months in the control group (adjusted HR =0.739; 95%
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CI10.509-1.073; P=0.112). Although this difference was not
statistically significant, subgroup analysis performed in those
patients with stage I1Ib locoregional disease (n = 35) showed
a more pronounced separation between the treatment and
control groups. Stage I1Ib NSCLC patients in the treatment
group had a median overall survival of 30.6 months, compared
to 13.3 months in the control group (adjusted HR = 0.524;
95% C1 0.261-1.052; P = 0.069).> Common adverse events
included mild flu-like symptoms, injection site reactions, and
nausea due to cyclophosphamide administration. In patients
who received ongoing maintenance therapy, adverse events
decreased with time and no long-term safety issues were
identified.

Although Phase II trials with L-BLP25 did not produce
statistically significant results, L-BLP25 did seem to benefit
those receiving it. The benefits were particularly pronounced
in patients with stage I1Ib NSCLC. These results have
prompted a large Phase III randomized placebo-controlled
clinical trial called stimulating targeted responses to NSCLC
trial (START). An estimated 1476 patients with unresectable
stage III NSCLC and response or stable disease after che-
motherapy will be randomized 2:1 to receive L-BLP25 with
best supportive care or placebo with best supportive care. The
primary endpoint will be overall survival,® and the estimated
study completion date is September 2014.*!

The TG4010 DNA vaccine also targets the aberrant
MUC-1 protein. Ankara virus, an attenuated vaccinia virus,
is genetically modified to express MUC-1 and IL-2. The
MUC-1 is the tumor antigen, but the immunogenicity of
the vaccine is further enhanced by the function of IL-2 to
facilitate growth and proliferation amongst the CTLs that will
ultimately cause the apoptosis of tumor cells.* A Phase II
clinical trial compared TG4010 plus first-line chemotherapy
to TG4010 alone in 65 patients with stage I1Ib or IV NSCLC.
Patients in the experimental group received TG4010 with
cisplatin and vinorelbine. Patients in the control group
received TG4010 monotherapy until progression of disease
was demonstrated, at which point they were given the same
regimen as patients in the experimental group. The median
overall survival for group 1 (vaccine + chemotherapy) was
12.7 months versus 14.9 months for group 2 (vaccine until
progression, then chemotherapy added). The 1-year survival
rate was 60% in the experimental group versus 53% in the
control group. TG4010 was well-tolerated with only mild
flu-like symptoms and injection site reactions.*

A Phase IIb trial by Acres et al** was conducted in 2009 in
which 148 untreated MUC-1+ patients were randomized to
receive cisplatin and gemcitabine, with or without TG4010.

In the experimental group, TG4010 was given every 3 weeks
until progression of disease was detected. The primary end-
point was progression-free survival (PFS). This endpoint was
observed in 44% of the experimental group versus 35% in
the “chemotherapy only” control group (P = 0.13). Higher
response rates, a secondary endpoint, were observed in the
vaccinated group (43% versus 27%; P = 0.03). Subgroup
analysis in patients with normal levels of activated natural
killer cells showed increased response rate and overall sur-
vival in the vaccinated group (58% versus 38%, P = 0.04;
18 months versus 11.3 months; P = 0.02).” Based on these
results, a Phase IIb/IIl randomized, double-blinded, placebo-
controlled trial is now enrolling approximately 1,000 patients
with stage [V NSCLC and normal levels of activated natural
killer cells. In this study, TG4010 immunotherapy in patients
with stage [V NSCLC (TIME), study participants will either
receive chemotherapy with TG4010 or chemotherapy with a
placebo until disease progression is observed. The primary
endpoint is overall survival rate and the study is estimated
to be complete in December 2016.4

CIMAVax EGF vaccine

Epidermal growth factor (EGF) and its cell receptor are
overexpressed in many carcinomas, including NSCLC. EGF
binds to its receptor on cells and provides signaling for cell
growth and proliferation. The EGF receptor (EGFR) pathway
inhibitors like monoclonal antibodies and tyrosine kinase
inhibitors have shown great efficacy in clinical practice.
The EGF vaccine CIMAVax was developed in Cuba with
recombinant human EGF, P64K Neisseria meningitides
carrier protein, and immunoadjuvant Montanide ISA 51.
Administration of the vaccine causes production of anti-EGF
antibody against EGF. This prevents EGF from binding to
its receptor, inhibiting tumor growth.*

Three pilot studies were initially conducted to optimize
the formulation of the vaccine. Pooled data of the 83 patients
with stage IIIb/IV NSCLC in these three studies revealed
that 83% of vaccinated patients at least doubled their base-
line anti-EGF antibody titers, referred to as seroconversion.
Theoretically, higher antibody titers correspond with better
response to treatment, so these studies sought to create a
vaccine that induces the highest possible anti-EGF antibody
titer. Results revealed that Montanide ISA 51 was an effective
immunoadjuvant and that pre-treatment with cyclophosph-
amide enhances antibody titer response to the vaccination.
The combined results of the three trials revealed that patients
with seroconversion had an 11.1 month overall survival ver-
sus a 5.7 month overall survival in participants who did not
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seroconvert (P =0.005). The data also revealed that patients
who achieved antibody titers above the median (median
maximal antibody titer 1:4,000) had a survival advantage
over participants with titers below the median (12.2 months
versus 8.1 months; P = 0.036). During the course of these
studies, researchers recognized that antibody titers waned
relatively quickly without subsequent vaccination, but also
that antibody titers could be easily recovered with the use of
booster vaccines.*’

A Phase II study by Neninger et al** on CIMAVax in
2003, involved 80 participants with stage I1Ib or IV NSCLC
who had received first line chemotherapy prior to the study.
Participants were randomized to receive either CIMAVax
and best supportive care or to receive best supportive care
alone. Those in the experimental group received priming
with low dose cyclophosphamide, followed by 50 pg doses
of EGF vaccine administered on days 1, 7, 14, 28, and then
monthly. Serum EGF levels were measured in both groups
and were found to be lower in the vaccine group, confirming
that CIMAVax induces production of the anti-EGF antibod-
ies that lower serum EGF concentration. Median survival
was improved in the experimental group (6.5 months versus
5.3 months; P = 0.098). Although these results were not
significant, a subgroup analysis amongst patients under
60 years old did reveal a significant survival advantage in
the experimental group (11.6 months versus 5.3 months;
P = 0.0124). Patients with antibody titers >1:4,000 also
exhibited a statistically significant improvement in survival
(11.7 months versus 3.6 months; P = 0.002).? Toxicity from
the vaccine was minimal in this trial, including mild flu-like
symptoms and injection site reactions.*®

A Phase III trial was done to evaluate overall survival
with the use of CIMAVax in stage I1Ib or IV NSCLC patients.
Participants in the experimental group received CIMAVax
and best supportive care after having received first-line
chemotherapy. Participants in the control group received best
supportive care and a placebo after first-line chemotherapy.
Participants were divided into two subgroups: those younger
than 60 and those older than 60. This Phase III trial is now
complete and preliminary results show a significant increase
in survival among the treatment group compared to the con-
trol group; final results are eagerly expected.

Conclusion

Patients with NSCLC face a dismal prognosis at the time
of diagnosis due to an advanced and aggressive disease,
coupled with the limited available treatment options. Early
studies of active immunotherapy have exhibited promising

results for use with NSCLC, especially in advanced disease
where the overall survival rate has, historically, been very
grim. While therapeutic vaccination may not be a panacea,
it could serve as a vital adjunct to traditional surgical and
chemotherapeutic treatment regimens as we see in the case
of the MAGE 3 vaccine for adjuvant therapy or in the case of
CIMAVax where it is used with chemotherapy in advanced
disease patients.

The identification of better antigenic targets, addition of
immune-stimulating adjuvants, and production of improved
delivery mechanisms has resulted in a group of vaccines that
appear able to elicit an effective immune response against
tumor cells. This has been a major change in the area of
cancer immunology where lung cancer vaccines have never
been a popular topic. Phase II studies show that these vac-
cines can produce statistically significant improvements in
the PFS or overall survival for patients, irrespective of the
stage of the patient’s disease. These vaccines have demon-
strated low toxicity together with improved survival and an
enhanced quality of life relative to the baseline prognosis.
As a result of these studies, for first time in the history of
lung cancer and immunotherapy, several Phase III trials are
ongoing to examine the efficacy of therapeutic vaccination
in a larger number of patients with all stages of NSCLC.
Further encouraging results from these studies could very
well result in the clinical approval of therapeutic vaccines
to combat NSCLC.
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