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Abstract

Positive modulation of a patient’s immune system to produce antitumor immunity is an attractive
strategy that may improve the dismal outcomes typically associated with non-small-cell lung
cancer (NSCLC). Using methods that either augment specific antitumor immunity or positively
influence the patient’s immune system to allow the de novo generation of immunity to encompass
current strategies used in recent clinical trials of NSCLC. Encouraging results of Phase Il trials in
antigen-specific immunotherapy have led to three subsequent Phase 111 trials, which are currently
enrolling. Results of these trials will improve our understanding of the role that immunotherapy
plays in the treatment of NSCLC. Successful application of a humoral vaccine in Cuba led to its
approval for the treatment of advanced NSCLC patients in that country. To date, trials involving
nonspecific immunotherapeutic interventions have failed to improve outcomes in NSCLC and
may indicate a need to combine them with antigen-specific vaccines. Although these trials will
greatly advance our knowledge of NSCLC immunotherapy, we believe truly efficacious
immunotherapy may only result from implementation of strategies to both augment antitumor
immunity and counteract tumor-mediated immunosuppression.
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Non-small-cell lung cancer (NSCLC) remains the leading cause of cancer-related mortality
in the USA and, despite recent advances in therapy, most patients only have palliative
therapeutic options as they typically present with late-stage disease [101]. Development of
strategies to induce antitumor immunity represents an active area of research for the
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development of novel immunotherapeutic modalities for NSCLC. To date, clinical trials of
lung cancer immunotherapy have, unfortunately, had limited success. Recent US FDA
approval of immunotherapy for the treatment of prostate cancer [1] and reports on the
beneficial effects of a human papilloma virus vaccine for the treatment of vulvar
intraepithelial neoplasia [2] provide the encouraging proof-of-concept needed to continue
development of immunotherapeutic strategies for NSCLC.

This article discusses two types of NSCLC immunotherapy clinical trial, which can be
divided into separate categories based on whether the experimental modality aims to create
specific antitumor immunity or positively influence the immune system to allow de novo
generation of antitumor immunity. Antigen-specific immunotherapy uses vaccines to induce
specific antitumor immunity against relevant tumor-associated antigens incorporated within
the vaccine formulation. Immune-system modulators include immunologically active agents
that influence the patient’s immune system to allow recognition of the tumor as foreign and
create immunity de novo to eradicate the cancer. Encouraging results of early studies have
led to multiple Phase 111 trials, completed or currently enrolling, to test new
immunotherapeutic approaches for the treatment of NSCLC.

Antigen-specific immunotherapy

Antigen-specific immunotherapy vaccines within this category incorporate relevant antigens
to induce antitumor immunity to specific proteins co-expressed by cancer cells. Most of the
targeted antigens are self proteins with the potential to cause autoimmunity; however, this
harmful prospect has only been seen in select melanoma trials using peptide-based vaccines
combined with the antagonistic anti-cytotoxic T-lymphocyte antigen (CTLA)-4 antibody
[3.4]. Interestingly, the combination of the anti-CTLA-4 antibody with antigen-specific
immunotherapy in melanoma did not worsen autoimmunity or improve the clinical effect.
This suggests that the application of the anti-CTLA-4 antibody nonspecifically emancipates
all self-reactive cytotoxic T lymphocytes, inducing the widespread autoimmunity seen in
those trials. This is a fundamentally different scenario from antigen-specific immunotherapy
where the induced immunity will be confined to tumor-associated antigens and may explain
why autoimmunity has not been seen in these trials. In addition, it invokes the theory that
immunogenic tumors, such as melanomas, will more likely benefit from the removal of
cancer-induced suppression of pre-existing antitumor immunity, whereas less immunogenic
tumors, such as NSCLC, will require active immunization in order to produce an effective
immune response [5].

The limitation of this finite repertoire of antigen specificity is the possibility that the tumor
cells may evade the immune system if they lose or mutate the targeted proteins. This may be
obviated if such an intense immune reaction is created that induces diversification of
immunity through the production of de novo immune responses to antigens released from
the destruction of the tumor cells in a manner known as epitope spreading [6]. With the
success of antigen-specific immunotherapy in mouse models of cancer, it is not surprising
that, to date, some of the most promising results are found using this strategy. The
Stimulating Targeted Antigenic Responses in Phase 1l clinical trials demonstrating benign
safety profiles have been translated into three enrolling Phase 11 clinical trials and one
approved therapy in Cuba [7-10].

MAGE-A3 as Adjuvant Non-Small-Cell Lung Cancer Immunotherapy trial

The MAGE-A3 as Adjuvant Non-Small-Cell Lung Cancer Immunotherapy (MAGRIT) trial
(NCT00480025) is an enrolling Phase 111 study of early-stage NSCLC patients, who are to
be treated with a vaccine targeting the MAGE-A3 protein [102], which is overexpressed on
approximately half of NSCLC tumors [11]. Dependent on stage, these patients have a 21—
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53% relapse rate despite attempting curative resection [12,13], indicating the presence of
postoperative micrometastases, necessitating the use of adjuvant chemotherapy to improve
outcomes [14]. Unfortunately, current adjuvant strategies confer a success rate of less than
10%, leaving a high risk of relapse in this population. As the strength of the immune system
lies in its specificity and surveillance properties, it appears ideally suited for eradicating
residual disease. Therefore, enhancement of the antitumor immunity in this setting seems
optimal as it enjoys the advantage of low tumor burden and, generally, an advantageous
patient performance status given the early stage of disease. Encouraging results
demonstrating an improved disease-free interval in the Phase Il trial and experience with a
similar vaccine in melanoma [15] resulted in the ongoing Phase 111 trial.

In the Phase Il trial of NSCLC [8], 182 patients with MAGE-A3-positive stage Ib and Il
NSCLC after curative resection were randomized in a 2:1 vaccine versus placebo schedule,
using a similar vaccine that was previously shown to induce humoral and cellular immune
responses in melanoma patients [15]. The vaccine consists of the full-length MAGE-A3
protein complexed to a fragment of the Haemophilus influenzae protein D and administered
with the adjuvants saponin and monophosphoryl lipid A [16]. Patients were administered
with the vaccine or placebo intramuscularly every 3 weeks for five doses and then every 3
months for 2 years. Patients in the treatment arm had a hazard ratio for disease-free interval
of 0.73 (p = 0.11) in favor of vaccination, and the vaccine was well tolerated with
predominantly grade | and Il constitutional symptoms and injection-site reactions. These
results prompted the initiation of the Phase I1l clinical trial in early-stage NSCLC patients,
which was started in 2007.

With a targeted enrollment of approximately 2300 individuals, inclusion criteria was
expanded to include stage I11A patients in addition to stage IB and Il patients with tumors
expressing MAGE-A3. The vaccine’s adjuvant was augmented through the addition of the
Toll-like receptor (TLR)9 agonist, CpG 7909 [17], which is known to enhance immunity in
human trials of hepatitis B virus vaccination [18]. The stratification approach initially
separates patients using four cycles of a platinum-based chemotherapy before randomizing
these patients into receiving 13 intramuscular injections of the placebo or MAGE-A3
vaccine over 27 months. Disease-free survival is the primary end point, with secondary end
points including overall survival, lung cancer-specific survival, seropositivity of MAGE-A3
and the H. influenzae protein D, and safety parameters. This trial has a projected primary
completion date of October 2015.

Advantages of this study include the use of a known tumor antigen with strong immunologic
data [15] that, given its identity as a cancer testes antigen, should have limited potential for
autoimmunity [19]. The early stage of the patients in this trial is worth noting owing to the
greatly reduced tumor burden after surgery, and expected superior performance status and
immune status compared with patients with advanced disease. Given these factors, this trial
may have the greatest potential to demonstrate a positive impact on survival, especially
when considering that the immune system’s role in surveillance is one of its strengths. In
addition, the use of the stratification scheme to separate patients with and without adjuvant
chemotherapy should both reduce confounding variables and possibly provide insight into
the role chemotherapy may play on the health of the immune system as it pertains to
vaccines.

Stimulating Targeted Antigenic Responses To NSCLC trial

The Stimulating Targeted Antigenic Responses To NSCLC (START) trial (NCT00409188)
is a randomized, placebo-controlled trial of unresectable stage 111 NSCLC patients with a
targeted enrollment of 1300 patients who have completed at least two cycles of
chemotherapy [103]. The L-BLP25 vaccine used in these studies incorporates known
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immunogenic sequences [20] from the tumor antigen, MUC1, which has a wealth of data to
support its role as a tumor antigen [21]. The current clinical trial was initiated after subset
analysis of stage I11B patients from the Phase 11 trial revealed a promising trend towards
increased median survival in vaccinated patients who completed chemotherapy and
radiotherapy, and had a high chance of relapse.

The Phase Il trial enrolled 171 randomized patients to vaccine versus best supportive care,
where patients in the experimental arm were immunized with the L-BLP25 vaccine [8]. The
vaccine consists of the core lipopeptides from MUC1 with the approved human adjuvant,
monophosphoryl lipid A, which has immunology and safety data in human studies [22].
After 3 days of low-dose cyclophosphamide administration with proven positive
immunomodulatory effects on suppressive regulatory T cells [23], patients received eight
weekly vaccinations followed by booster immunizations every 6 weeks. When including all
participants, patients in the vaccinated arm had a median survival of 17.4 months compared
with 13.0 months in the best supportive care group (p = 0.11). Subset analysis of patients
with stage 111B disease revealed an improvement in the median survival to 30.6 versus 13.3
months (p = 0.07), respectively. Adverse events attributable to the vaccine arm included
nausea to cyclophosphamide, and grade | skin reactions in half of the patients and one grade
Il skin reaction. The benign safety profile of the vaccine and strong trend towards improved
survival prompted the resultant Phase 111 trial.

In a placebo-controlled trial involving patients with unresectable stage 111 NSCLC, patients
were randomized in a 2:1 fashion to receive the L-BLP25 vaccine versus placebo. Patients in
the vaccination arm receive low-dose cyclophosphamide 3 days prior to the initial vaccine
followed by seven weekly injections of the vaccine. The study’s primary outcome is overall
survival with secondary end points being time to symptom progression, time to progression,
1-, 2- and 3-year survival and safety. There is an estimated primary completion date of
December 2010.

This trial is important for the use of an immunogenic fragment of the tumor antigen, MUC1,
with a wealth of data to support it as a tumor antigen in both mouse and previous human
experiments [21]. Perhaps the most interesting intervention in this trial is the use of
cyclophosphamide pretreatment to attempt to reduce the presence and function of regulatory
T cells that appear to correlate with lung cancer and disease progression [24]. Results of this
trial should help delineate if single-antigen vaccination with inclusion of an intervention to
decrease cancer-induced immunosuppression alters survival in the advanced-stage disease
population.

Survival; Tumor-free, Overall; & Progression-free trial

The Survival; Tumor-free, Overall; and Progression-free (STOP) trial (NCT00676507)
incorporates the vaccine belagenpumatucel-L, which consists of four human NSCLC cell
lines, each transfected with the antisense gene for TGF-B2, which decreases the expression
of this immunosuppressive cytokine [104]. Use of the four NSCLC cell lines obviates the
need to a priori identify tumor antigens and, thus, the necessity to include multiple antigens
to predictably cover all NSCLC patients. Use of allogenic cell lines in this vaccine followed
very promising results of the first allogenic whole-tumor cell vaccine for lung cancer, where
a B7-transfected lung adenocarcinoma cell line vaccine induced clinical benefit in 33% of
patients with metastatic NSCLC [25]. Using the belagenpumatucel-L vaccine in a Phase |1
trial, prolonged 1- and 2-year survival correlated with vaccine dose and provided
encouraging data to support the ongoing Phase 11 trial.

In the dose-escalation Phase Il trial, stage I1, Il and IV NSCLC patients were randomized
into three cohorts to receive one of three concentrations of vaccine every 1-2 months for a

Therapy. Author manuscript; available in PMC 2011 November 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Holt et al.

Page 5

total of 16 immunizations [9]. Although the median survival of 440 days is difficult to
interpret given the inclusion of patients at a wide range of stages, there was a statistically
significant (p = 0.007) improvement in 1- and 2-year survival, respectively, when patients
receiving the lowest dose (39 and 20%) were compared with those receiving either of the
two highest dosages (68 and 52%). Comparison of the immunologic data between
progressive versus stable or better disease revealed increased IFN-y reactivity of the
patients’ T cells after vaccination in patients with positive clinical responses. Although the
use of the vaccine as the stimulating agent makes it impossible to determine if the resultant
immune response is to the tumor-associated antigens or the allotypic differences between the
vaccine’s lung cancer cell lines and the patient, the data are encouraging and are possibly
reflective of the vaccine’s mechanism of action. Safety data reveals this to be a well-
tolerated vaccine with only two grade 111 adverse events consisting of edema at the injection
site and one patient who developed chronic myelogenous leukemia, which was thoroughly
vetted as not related to the study vaccine. The benign safety profile of this treatment and
improved survival rates of the patients receiving the higher dosages of the vaccine initiated
the Phase 111 trial using the middle dose of the vaccine.

For the Phase 111 trial, inclusion criteria allow only stage 1A (T3N2 only), 11IB and IV
patients to participate in a placebo-controlled, randomized trial, in which patients receive 18
monthly immunizations followed by two booster injections in 3-month intervals. Prior to
enrollment, patients must have responded to or have stable disease following chemotherapy
with a platinum-based regimen. The primary end point is overall survival with secondary
end points of progression-free survival, quality of life, time to progression, best overall
tumor response, response duration, incidence of CNS metastasis and safety. The estimated
enrollment is 700 patients and the estimated study completion date is October 2011.

The STOP trial is unique in that it incorporates a strategy to counteract the immuno-
regulatory effects of tumor-derived TGF-B2 on the induction of antitumor immunity. Using
the four tumor cells as a vaccine allows the inclusion of a multitude of relevant tumor
antigens without the need to identify them a priori and, thus, may be applicable to all
patients suffering with NSCLC. Evaluation of microarray data of lung cancer reveals that
the majority of the genes are co-expressed amongst different tumor classifications with only
a limited set of genes capable of delineating differing subclasses of NSCLC [26,27]. As a
class, genetically altered whole-tumor cell vaccines have enjoyed early success with
promising data from trials involving the B7-transfected NSCLC tumor cell vaccine,
GVAX®, and an ongoing trial at our institution incorporating a NSCLC cell line transfected
with a fusion protein of gp96 and a modified immunoglobulin protein to induce secretion of
tumor antigens bound to gp96 for presentation on dendritic cells [25,28,29]. An important
distinction separating the STOP trial from the GVAX trials is the use of allogeneic tumor
cell lines as a vaccine to augment reactive immunity through mismatched MHC molecules
akin to the aforementioned B7 and ongoing gp96 vaccine trials. Therefore, the use of the
allogenic NSCLC tumor cell lines in the STOP trial may provide a strong vaccine with the
greatest applicability to the breadth of patients with NSCLC.

These three ongoing Phase 111 clinical trials should begin to determine the impact of
immunotherapy on survival in NSCLC patients. The studies collectively encompass both
early-stage disease for the treatment of micrometastases and late-stage disease where only
palliative care options exist. Of particular note, the inclusion of vaccines consisting of tumor
antigens of lipopolypeptides (START), full-length proteins (MAGRIT) or tumor cell lines
(STOP) may also allow comparison of the efficacy that different antigen formulations have
on vaccine potency. Results from these trials will improve our knowledge concerning the
use of vaccines for the treatment of NSCLC and, hopefully, have a positive impact on the
overall survival of these patients.
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Cuban humoral EGF vaccine

EGF plays a central role in many NSCLC patients’ tumors [30] and its receptor is the target
of approved biological therapy, including erlotinib [31] and gefitinib [32]. Use of a vaccine
incorporating the EGF protein with the intent of creating a humoral response to antagonize
the EGF-EGF receptor axis is the basis of several studies completed in Cuba p. Results of
these trials led to the vaccine’s approval by the Cuban government for the treatment of
advanced-stage lung cancer.

In stage 111B/IV NSCLC, three trials [10,33,34] evaluated the effect a vaccine consisting of
human EGF had on patients’ overall survival. The vaccine consisted of the full-length
human EGF protein complexed to the Neisseria meningitides P64K protein for added
immunogenicity. The three trials differ only by the adjuvant used to emulsify the EGF
protein, with one using alum, one using Montanide ISA 51, and one using Montanide ISA
51 and the use of a single dose of cyclophosphamide prior to vaccination to positively
condition the patient’s immune system [23]. Patients were immunized with four weekly
injections and an additional inoculation on day 51 followed by booster vaccinations if titers
decreased.

The results demonstrated that 83% of patients doubled their anti-EGF titers and showed that
use of the adjuvant Montanide ISA 51 induced a higher percentage seroconversion and anti-
EGF titers than patients vaccinated using alum as the adjuvant. Use of cyclophosphamide
pretreatment further increased the maximal titers achieved in these patients when compared
with patients who received Montanide ISA 51 or alum adjuvants. Evaluating the combined
survival data of all three trials, patients with seroconversion had an 11.1- versus 5.7-month
survival (p = 0.005) and, importantly, those patients who achieved titers higher than the
median had a greater survival advantage than those who achieved titers below the median
(12.2 vs 8.1 months, respectively; p = 0.036). Unfortunately, these titers were transient, with
levels beginning to decrease 10 weeks after the final vaccination, but were generally
recoverable with booster vaccinations. These vaccines were well tolerated by all patients
with only grade I or 11 adverse events confined to injection-site reactions, constitutional
symptoms, tremors, nausea and hot flashes that abated with appropriate intervention. The
significant improvement in survival led to the vaccine’s approval for treatment of NSCLC
patients in Cuba.

A follow-up study of 20 advanced-stage NSCLC patients reported an important finding
concerning the role that chemotherapy has on the efficacy of the vaccine [35]; an
intervention that many immunotherapists fear may decrease a vaccine’s potency through the
indiscriminant destruction of all proliferating cells, including reactive immune cells. In this
study, two doses of the EGF vaccine in Montanide ISA 51 with cyclophosphamide
pretreatment were delivered prior to standard chemotherapy and three additional doses were
given starting 1 month after vaccination. This vaccine was, again, well tolerated, with
vaccine-related adverse events confined to grade Il or less. Vaccination induced high titers
of anti-EGF antibodies and, importantly, did not decrease with the application of
chemotherapy. This study demonstrated a decrease in circulating EGF concentrations with
increased anti-EGF titers and almost half of the induced antibodies specifically blocked the
interaction of EGF with its receptor. Of the 20 patients, two achieved a complete response
and five achieved a partial response based on Response Evaluation Criteria In Solid Tumors
(RECIST) criteria with a median survival consistent with the other three trials of 12.8
months. Analysis of mean survival found that subjects who achieved antibody levels greater
than the mean titer for all patients enjoyed a 25.6 month survival compared to 10.5 months
for those whose titers fell below the mean. Thus, the strength of the induced immunity
correlates with the outcome.
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Phase I/1l trials—Numerous Phase I and 1l trials have been completed to date (Table 1),
evaluating various forms of antigen-specific immunotherapy for NSCLC. They include
vaccines of multiple forms that encompass the breadth of vaccine technologies available to
researchers, including peptide-, protein-, dendritic cell-, tumor cell-, viral vector- and DNA-
based vaccines. Most report clinical responses in vaccinated patients; however, the studies
are predominantly designed to evaluate safety parameters and lack control groups, which
makes attributing these effects to the vaccine subjective. Importantly, many vaccines use
antigens considered to be self proteins and, in doing so, raise questions of potential
autoimmunity. The strength of this data, regardless of clinical effect, is the benign safety
profile associated with these vaccines. Although it could be argued that the lack of
autoimmune toxicity is reflective of the lack of antitumor clinical effect, the lack of serious
adverse events in patients treated with the recently approved prostate cancer vaccine,
sipuleucel-T [1] and reports of tumor antigen-reactive immune responses in cancer patients’
peripheral blood [36] indicates that efficacy may not need to suffer at the expense of
autoimmunity. In effect, these trials have demonstrated vaccine therapy to be safe and well
tolerated with a continued need to develop more potent methods of augmenting antitumor
immunity to improve the vaccine’s efficacy and affect outcomes in NSCLC.

Immune system modulators

The theory that the immune system eradicates a burgeoning tumor cell until the cancer
evades it implicates the eventual quiescence of the immune system’s reaction to the tumor
cells. Multiple lines of evidence point to the active and continual participation of the tumor
in suppressing antitumor immunity to allow its survival despite the presence of immune
effector cells that are capable of reacting to it [36]. Thus, the lack of effective tumor
immunity may lie in the functionality of the cells and not the specificity. Use of agents to
nonspecifically stimulate the immune system or remove the tumor-induced
immunosuppression may rekindle effective antitumor immunity and produce a change in
clinical outcomes. Two compounds have been employed in advanced clinical trials to
attempt to revitalize antitumor immunity.

CpG oligonucleotides

Unmethylated, juxtaposed cytosine and guanine residues are found in much lower
frequencies in eukaryotic than prokaryotic DNA [37], and form the pathogen-associated
molecular pattern that binds TLR9 and acts as a “‘danger signal’ to the innate immune system
[38]. Interaction of these CpG oligonucleotides (CpG ODN) with TLR9 induces the
elaboration of type I interferons, maturation of dendritic cells and, when used in mouse
models of cancer, beneficial effects at preventing the outgrowth of tumor cells [39].

Early clinical trials in malignant melanoma [40], metastatic renal cell carcinoma [41] and
cutaneous T-cell lymphoma [42] revealed modest antitumor effects of a specific CpG ODN,
CpG 7909, when used as a single-agent modality to treat each disease. Animal data
suggested that CpG ODNs may perform better when used in combination with conventional
therapeutic modalities including chemotherapy [43]. Theoretically, the cellular destruction
that accompanies the use of chemotherapy may provide tumor antigens to dendritic cells
within the draining lymph nodes, which are conditioned by TLR9 agonists to produce
effective anticancer immunity.

To date, the most advanced clinical trial involving CpG ODNSs resulted from a Phase Il
clinical trial in NSCLC, in which 112 patients with stage 111B and IV disease underwent
randomization to four to six cycles of taxane/platinum chemotherapy with subcutaneous
injections of the CpG ODN versus chemotherapy or CpG 7909 alone [44]. The CpG ODNSs
were given subcutaneously 7 and 14 days after the initial chemotherapy infusion of each
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cycle. In the experimental arms, patients reported mild injection-site reactions with serious
adverse side effects including thrombocytopenia, neutropenia and anemia. Over 57% of
patients in the experimental arm suffered from grade IV neutropenia but infections and
febrile neutropenia were reportedly minor and were not specifically associated with CpG
7909 administration.

Using a modified intention-to-treat analysis with objective response rate as the primary end
point, the investigator-assessed objective response rate was 30% in the experimental arm
and 19% in the chemotherapy-alone arm (p = 0.043). A blinded, independent review of the
radiographic evidence available for 90 patients decreased these numbers to 19 and 11%,
respectively (p = 0.32). Survival data revealed an improvement in median survival from 6.8
to 12.3 months with the inclusion of the CpG 7909; however, the overall survival hazard
ratio of 0.75 had a non-significant p-value of 0.19. The improved median survival prompted
the initiation of the Phase 111 trial despite the toxicity profile.

The trial utilized a similar cohort of patients with stage 111B and IV NSCLC with good
performance statuses and who were chemotherapy naive. A total of 839 patients were
randomized to receive up to six cycles of CpG 7909, gemcitabine and cisplatin versus
chemotherapy alone in a Phase 111 trial [45]. CpG 7909 was administered subcutaneously
after infusion of both chemotherapy agents as part of the standard chemotherapy cycle. The
primary end point of this study was overall survival with objective response rate, safety
profile and progression-free survival listed as secondary end points.

Interim analysis by an external data safety monitoring board led to the early termination of
the study caused by significant serious adverse side effects in the experimental arm and no
change in overall survival, with a hazard ratio of 0.98. Compared with the control arm, the
experimental arm suffered increased rates of thrombocytopenia (61 vs 33%), neutropenia
(69 vs 47%) and need for transfusion (19 vs 10%). Final analysis is still pending the
completion of data collection for all patients involved in the study; however, this study
strongly suggests that CpG 7909 as an adjuvant to chemotherapy was not effective in
treating advanced-stage NSCLC.

ONTAK (denileukin diftitox) is a fusion protein of diptheria toxin fragments A and B with
IL-2, designed to deliver the cytocidal bacterial proteins to cells expressing the I1L-2 receptor
including regulatory T cells that express the high-affinity 1L-2 receptor, CD25 [46]. In
mouse studies, ONTAK has demonstrated enhanced T-cell-specific antitumor immunity via
the reduction in regulatory T cells [47], and has promising efficacy in patients with
cutaneous T-cell lymphoma and Sézary syndrome [48].

Given these favorable results, a Phase 1l trial enrolled stage I11B/IV patients with NSCLC
whose disease progressed despite chemotherapy [49]. Although 32% of the enrolled patients
were unable to complete at least two cycles, of the remaining patients 44% achieved stable
disease and 24% exhibited progressive disease. The median survival of 5.8 months (0.3—
11.3 months) is difficult to interpret in lieu of a control group; however, this trial had
increased toxicity ascribed to the drug. One patient’s death was attributed to myocarditis,
possibly associated with ONTAK and 19 others had grade 111 and 1V adverse events with
gastrointestinal toxicity, constitutional syndromes and vascular-leak syndrome. The minor
clinical response and toxicity associated with ONTAK revealed its limited usefulness in the
treatment of patients with NSCLC.

The results of these two trials of nonspecific immunotherapy were not promising as none of
the drugs demonstrated any clinical improvement and both drugs showed significant
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toxicity. Although the theory for use is valid, the application of this class of immunotherapy
has yet to demonstrate its potential in NSCLC. These results should not be interpreted as the
failure of the class but as a failure of the individual agents as singular modalities or
adjuvants to chemotherapy. Nonexistent or weak nascent immune responses in NSCLC
patients [50] make it unlikely that nonspecific stimulation of the immune system or removal
of immunosuppression will create changes in clinical outcomes. We believe work in this
area will, ultimately, prove quite useful when promising antigen-specific vaccines are
combined with agents that positively modulate the immune system of cancer patients.

Conclusion

With the recent approval of the prostate cancer vaccine, Sipuleucel-T, immunotherapy for
NSCLC becomes more conceivable, and it is encouraging that three large Phase Il trials are
currently enrolling to determine the role it may play in the treatment of this otherwise
predominantly fatal disease. The approval of the EGF vaccine in Cuba provides additional
hope for patients that improvement in the longstanding and unvarying 5-year mortality rate
for advanced-stage NSCLC will be forthcoming. In the next 5 years, the results from the
Phase Il clinical trials, in addition to a multitude of earlier phase trials, will continue to
advance this field as the hope for a cure continues.

It is interesting to note that one hypothesis for the tumorigenesis of NSCLC involves the
appropriation of an immunosuppressive micro-environment at the site of the individual’s
cancer. To date, most studies in NSCLC immunotherapy have focused on the induction of
potent antitumor immunity in patients without addressing the immunosuppressive
environment at the targeted tumor. Thus, the finding of tumor-reactive T cells in the
peripheral blood of vaccinated patients without an objective clinical response may reflect
this limitation in immunization strategy. The use of ONTAK focused on the reversal of the
immunosuppressive nature of the tumor state without dealing with the need for specific
augmentation of antitumor immunity and may also have failed because it did not address
both issues. It is our contention that successful immunotherapy will only occur when both
the lack of an effective antitumor immunity and the immunosuppressive nature of cancer are
addressed in a rational vaccine strategy (Figure 1). With advances in both improved vaccine
efficacy and delineation of the mechanisms used by tumors to antagonize the immune
system, we can design the next generation of vaccines to encompass both strategies.

Future perspective

Compared with chemotherapy, NSCLC immunotherapy is a newer concept that suffers from
a lack of long-term clinical experience. As many of the vaccines target self proteins,
concerns of autoimmunity have defined and limited evaluation, despite the fact that curative
therapy does not exist for the majority of NSCLC patients. As the literature in this field
matures, fears of autoimmunity have been unfounded and recent Phase Il trials in NSCLC
have begun to show clinical promise. In addition to earlier phase trials evaluating multiple
aspects of NSCLC immunotherapy, results of the three ongoing Phase 111 trials should allow
proper evaluation of vaccines for NSCLC and advance the science.

As NSCLC is a complicated disease that restricts both the induction of immune responses
and the ability of reactive immune cells to affect tumor cells, successful immunotherapy will
not be a simple endeavor. The complexity of the pathways that led to the development of a
clinically relevant tumor will demand strategies to target the multiple facets of NSCLC to be
completely efficacious. As these barriers continue to be identified and new innovations aid
in the development of newer therapeutic modalities, we can design the next generation of
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vaccines to address the need to augment antitumor immunity, overcome tumor-mediated
immunosuppression and surmount tumor-mediated barriers to effector cell function.

Early trials necessarily needed to test individual agents in Phase | safety trials and, in
addition to subjective clinical responses, were proven to have benign safety profiles. Recent
trials are beginning to combine modalities to address both the need to augment antitumor
immunity and counteract tumor-mediated immunosuppression. As additional agents are
developed and tested, future immunotherapy trials will need to combine more powerful
interventions to target all aspects of NSCLC immunology and hopefully, one day, be part of
the cure.
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Figure 1. Schematic demonstrating the methods used by non-small-cell lung cancer to counteract
tumor immunity through both the blockade of cytotoxic T-lymphocyte killing of tumors and
inhibition of cytotoxic T-lymphocyte priming

CTL: Cytotoxic T-lymphocyte; DC: Dentritic cell; NSCLC: Non-small-cell lung cancer;
PGE: Prostaglandin E; Treg: Regulatory T cell.
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