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Introduction

There are a large number of experimental cancer immunotherapies
being tested in clinical trials of advanced disease patients, an
underserved patient population. Although there are heralded, isolated
responses in some patients, most of these trials have shown minimal
clinical benefit on a societal level. The current clinical and basic
research is focused on reducing immune suppressive mechanisms that
are present in tumors, and include treatment with monoclonal
antibodies, ipilimumab and MDX-1106 which block Cytotoxic T
Lymphocyte Activation-4 (CTLA-4) [1,2], Programmed Death-1
(PD-1) [3] inhibitory molecules on T cells, respectively. In addition to
suppression via molecules such as CTLA-4 and PD-1, myeloid lineage
cells constitute a network of immune suppressive cells that are present
in most cancer patients and which profoundly inhibit the expression
of anti-tumor immunity. This network includes myeloid-derived
suppressor cells (MDSC), tumor-associated macrophages (TAMS),
and dendritic cells (DC). Each of these cell populations has inherent
immune suppressive activity, which is enhanced through their
interactions with each other [4]. Most of the basic research on
suppressor cell development and function originated in mouse models
using transplantable tumors and the spleen has been implicated as the
seat of this suppressor cell activity [5-8].
By blocking or circumventing these immune suppressive factors,
these targeted therapies are designed to unleash the inherent immune
response, either as monotherapies or in combination with traditional
cytotoxic chemotherapy. The ultimate result of either strategy should/
could improve the treatment of established, late stage disease patients.
While these investigations have provided a novel direction for
enhancing cancer immunotherapy, additional technologies still need
to be developed to specifically identify tumor-associated antigens to
mobilize the full power of an active anti-tumor immune response.

than a century ago, Dr. William Coley, a surgeon, was amazed that an
aggressive sarcoma diagnosed in his patient, disappeared after the
patient suffered a Streptococcus pyogenes infection following surgery.
Dr. Coley speculated that the immune response to the bacterial
infection played an integral role in fighting the disease [9]. Thus the
innate immune response contributed too or provided antitumor
therapy. Dr. Coley subsequently developed and tested the effect of
injecting dead bacteria into the human tumors in an attempt to
achieve the therapeutic effect while avoiding the risk of fatal infection.
Dr. Coley died in 1936. It is a fact that 54 years later, the first
microbial vaccine approved by the US Food and Drug Administration
and the European Medicines Agency, for the treatment of cancer was
Bacillus Calmette-Guerin (BCG). In 1976, Morales et al. [10] were the
first to report the use of BCG for treatment of non-muscle invasive
superficial bladder tumors. Subsequently, numerous prospective
randomized clinical trials demonstrated the efficacy of intravesicle
BCG therapy for therapy of Carcinoma-in-situ (CIS) and later for
preventing the recurrence with progression, of superficial papillary
bladder cancer (Tables 1 and 2). The history of BCG and the
application to treatment of bladder cancer is reviewed in reference
[11]. It seems that the immune system is triggered by the admixing of
the BCG attaching to the tumor at the wall of the bladder and this is
often considered to be more inflammation by the innate immune
response possibly with an adaptive immune response working together
to provide immune mediated tumor elimination. As background to
the findings of Dr. Coley, more than a century ago and the regulatory
approval of BCG for treatment of bladder cancer in 1990, review of the
history of BCG research in experimental animal models would be
beneficial.
Entered

Evaluable

CR*

CRNC**

Overall
Response

153

119

54

36

90

---

45.40%

30.20%

75.60%

Active specific immunotherapy (ASI) has the potential to be that
transformative technology by embracing the recently demonstrated
genomic heterogeneity of tumor cells, through the use of live,
metabolically active autologous tumor cells which represent the entire
antigenic diversity of each patient’s primary tumor.

No. of Patients

ASI involves generating a robust, cytotoxic cell mediated, immune
reaction against tumor cells. This concept is rooted in the reality that
patient-derived vaccines can induce a potent and long-lasting immune
response against TAAs capable of eliminating metastases and/or
preventing recurrence of cancer. If immunomodulatory agents are
capable of rearming the immune system against tumors, then ASI will
serve as the guidance system.

**No evidence of disease on cystoscopy and not validated by cytology (CRNC)

The early claims of the role of the immune reactions for cancer
treatment came from reports of infectious agents reducing or
eliminating localized tumors both in animal models and man. More
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Percent
Response

*No evidence of disease on cystoscopy and a negative cytology (CR)

Table 1: Response of Patients to TICE BCG in CIS Bladder Cancer

Antitumor Activity of BCG in Experimental Animal
Models
BCG has the potential of acting as a nonspecific
immunopotentiating agent. This property of BCG probably is not
initiated by a single mechanism but is a consequence of a cascade of
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immunologic events involving a range of cells, including T-cells, BCells, macrophages and NK cells, all potentiated by a variety of
induced lymphokines and cytokines [12-15]. Thus, BCG infection
induces immune cell mobilization, homing and a wide range of
protective effects against microorganisms and protozoans as well as
various viruses [16-20]. A thoroughly studied BCG-mediated effect on

macrophages includes increase in metabolic activity, release of
extracellular enzymes, migration, chemotaxis and pinocytosis [21-22].
Macrophage activation seems at least partly a T-cell dependent
phenomenon as reported for nonspecific resistance for bacteria [23]
whereas in tumor-bearing mice, macrophage activation by BCG may
occur independently of T-cells [24].

Treatment Schedule for Carcinoma In Situ
Investigator*

Indications

Induction

Maintenance

Dose (mg)

Route

Weekly x 6

Monthly x 12

50

Intravesical

Weekly x 6

6 months; every 6 months x 4
years

0.5 & 50

Intravesical

50

Intravesical

50

Intravesical

CIS
Guinan (1883)

Prophylaxis
CIS

At 8, 10, 12 weeks;

Prophylaxis
Lamm (1414)

Invasive Diagnosis
Low Risk

Khanna (2951)

Monthly x 12, Every 3 months
x8
Weekly x 6

High Risk/CIS

Every 6 months x 4

CIS
Existing Tumor
Brosman (1111)

Every 2 weeks x 3 Months

Prophylaxis

Weekly to CR

Monthly x 2 years

CIS
Existing Tumor
De Kernion (1571)

Prophylaxis

Weekly x 8

Monthly x 12

50

Intravesical

Weekly x 6

Monthly x 12

50

Intravesical

CIS
Williams (2427)

Prophylaxis

*Investigational New Drug Application. Study numbers in parentheses.

Table 2: TICE BCG Series: Summary of Study Features
Old et al. [25] demonstrated prophylactic activity of BCG resulting
in prevention or delayed occurrence of tumors, sarcomas, and
carcinomas tumor models in mice. Similar results were found for
leukemia in the mouse [26] and epithelioma in the rat [27].
Subsequent studies in mice, rats, hamsters, and guinea pigs using
transplants of spontaneously arising, viral-induced or chemically
induced tumors confirm that systemic prophylaxis with BCG can exert
an inhibitory or in some cases, stimulating effect on tumor transplants
[28]. The complete suppression of tumor growth was observed in
guinea pig [29-31] mouse [32-33] and rat [34-35] tumor systems when
BCG was used locally or as an adjuvant in the administration of a
mixture of BCG and tumor cells. In a relevant, inbred Strain 2 guinea
pig model using the syngeneic Line-10 (L-10) hepatocarcinoma tumor,
a tumor-specific immunity was observed when BCG was used
intratumorally or as an admixture with transplantable tumor cells
[36-37]. This is clear evidence of the BCG induced innate immune
response working in tandem with the adaptive immune response and
the resultant clinical benefit with respect to tumor elimination and/or
the prevention of recurrent disease.
A major factor in interpreting the design of effective clinical
immunotherapy trials with BCG was the dilemma of timing and dose.
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The paramount influence of timing was shown in a study of
transplantable L-10 hepatocarcinoma tumor cells in guinea pigs by
Hanna et al. [38]. When animals were inoculated with live tumor cells
on day 0 and were immunized with a tumor cell plus BCG vaccine on
days 1,4,7 or 10, protection was inversely proportional to time of
treatment and thus, tumor burden (Figures 1 and 2).
This important demonstration of optimum timing factors should
provoke the reassessment of many past preclinical and clinical studies
to optimally evaluate immunotherapy and its possible interaction with
other conventional therapies.
Another major factor in assessing the preclinical studies has been
the problem of dose of BCG. A commentary by David Weiss [39]
decried over dosages and overscheduling in immunotherapy trials
because “overkill in immunology is reached with deceptive ease.”
There are experimental data that may be relevant to this point. These
data are derived from two different tumor models. In the first model,
BCG was used as an immunotherapeutic approach to immunize
guinea pigs against L-10 tumor cells by admixture of BCG and tumor
cells injected intradermal. This is not dissimilar to intravesical
administration, where BCG is admixed with tumor cells in the bladder,
thus stimulating an immunologic reaction that mediates bladder
tumor regression. It has been established that variation in dosages of
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BCG has a marked influence on percentage of survival of vaccinated
guinea pigs injected with syngeneic tumor cells [40]. In general, the
low adjuvant mixtures were ineffective and additional adjuvant above
the optimum dose (107 BCG) was not proportionally beneficial (Figure
3). These findings were consistent with clinical studies of Lamm [41]
in a murine transitional bladder cell carcinoma.

Figure 1: Experimental studies of active specific immunotherapy in
the guinea pig tumor model system---Schema. Hanna Jr MG,
Hoover Jr HC, Peters LC, Key ME, Haspel MV, et al. 1987.
Fundamental and applied aspects of successful active specific
immunotherapy of cancer. Principles of Cancer Biotherapy, edited
by RK Oldham, Raven Press Ltd, New York.

immunotherapy. Immune modulators do not demonstrate single-hit
kinetics. Variations in timing, dosage and frequency of many biologic
response modifiers (BCG in particular) can produce opposite effects
that are critical to outcome. The rule is “more is not always better.”

Figure 3: Efficacy of various doses of C. parvum and BCG as
adjuvants in Line-10 (L-10) tumor cell vaccines.

No. of Survivors/
Total No. of Animals/ Group
at Following i.v. Tumor Cell
Dose
Treatmenta

Figure 2: Experimental studies of active specific immunotherapy in
the guinea pig tumor model system: Percentage survival as a
function of time after challenge with 106 L10 cells i.v. Vaccinations
1+2=107 BCG + 107 L10; 3: L10 alone. (●) control; (○) 3
vaccinatgions, days 1, 7, 14; (Δ) 3 vaccinations, days 4, 10, 17; (□) 3
vaccinations, days 7, 14, 21 (▲) 3 vaccinations, days 10, 17, 24.
BCG was able to induce significant response rates in doses ranging
from 105 to 107 colony-forming units (CFU) per animal, whereas
doses in excess of 107 CFU were found to decrease the antitumor
response. BCG and other immune modulators, are basic in action and,
contrary to the major features of other systemic drugs, do not
demonstrate a precise dose-response curve. Cytotoxic chemotherapy
typically produces a dose-response curve that shows that the higher
the dose, the higher the benefit. This is not the case with

J Clin Cell Immunol

Tumor Immunology

1 × 105

1 × 106

None

0/10

0/10

(108 BCG) (108 BCG)

0/10

0/10

(107 L10) (107 L10)

0/10

0/10

(107

L10)b

1/10

0/10

(108 BCG + 107 L10)b

2/10

0/10

(106 BCG + 107 L10) (106 BCG + 107 L10)

1/10

1/10

(107 BCG

L10)

10/10

3/10

(108 BCG + 107 L10) (108 BCG + 107 L10)

10/10

5/10

(108 BCG + 107 LVc L10) (108 BCG + 107 LV
L10)

6/10

1/10

BCG +

+

107

107

L10)

(107

BCG +

107

These experiments were terminated at 240 days after tumor injection. All nontreated controls in the 105 group died by 95 days and all non-treated controls in
the 106 group died by 77 days. Significance of differences in survival was
calculated by the Fisher 2-tailed exact test.
aVaccinations
bVaccination
cLow

were administered i.d.,6 days apart on opposite sides.

was administered i.d., as a single injection.

viability tumor cells.

Table 3: Survival of Guinea Pigs Given i.v. Injections of 1 x 105 or 106
Syngeneic L10 Hepatocarcinoma
Dose and timing of treatment was tested in guinea pigs with regards
to BCG injections alone, tumor cell injections alone or admixture of
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BCG and tumor cells. Two modes of immunization and 3 ratios of
viable BCG to tumor cells were tested in guinea pigs injected
intravenously (iv) with L-10 tumor cells. The BCG tumor-cell ratios
were 1:10, 1:1, and 10:1, respectively. The doses were injected as single
intradermal (id) injections or two id immunizations separated by 6
days. The survival results are shown in Table 3.
Compared to the untreated tumor-bearing guinea pigs, no
significant difference in survival was detected in animals treated with 2
id injections of BCG or tumor cell alone. Single BCG + tumor cell
immunizations at a ratio of 1:10 or 10:1 did not lead to significant
protection from systemic disease. Compared to those animals that
received single injections of BCG + L-10, BCG or tumor cells alone,
and the untreated controls, significant differences in survival were
achieved in tumor bearing guinea pigs when the second vaccination
was an identical BCG L-10 mixture. Survival in these treatment groups
was clearly a function of the BCG L-10 cell ratio.
These studies in the inbred strain 2 guinea pig model using the
transplanted, progressor, syngeneic L 10 hepatocarcinoma
demonstrated that BCG, admixed with tumor cells, could induce a
degree of systemic tumor immunity that would eliminate a small
disseminated tumor burden. To be effective though, careful control of
such variables as the number of viable, but nontumorigenic tumor
cells (107 optimal), at the ratio of viable BCG organisms to tumor cells
(1:1) and the vaccination regimen three vaccinations, one week apart
was required. BCG was not essential in the third vaccination. This
allowed for the measurement of delayed-type hypersensitivity (DTH)
measurements as a measure of vaccine potency and immune status.
The magnitude of the DTH directly correlated with clinical benefit.
The percentage of viable tumor cells in the vaccine was strongly
correlated with the efficacy of the vaccine. Vaccines with low tumor
cell viability (less than 30%) were less effective than vaccines with high
tumor cell viability (more than 80%). Another critical factor in vaccine
efficacy was the dose of the adjuvant BCG. Variation in dosage with
constant tumor cell dosage (107) had a marked influence on
percentage survival of tumor bearing guinea pigs (Table 3, Figure 3).

Clinical Application of Cancer Vaccines with BCG:
Active Specific Immunotherapy
The result of the immunotherapy studies in animal models and
treatment of human bladder cancer with the BCG vaccine supported
the enthusiasm for the specificity of ASI as a rational modality for
cancer treatment and developing cancer vaccines as a means of
achieving tumor-specific immune responses for disseminated disease.
However, the majority of cancer vaccines have failed in practice [42].
Over the last decade, the failure rate of these treatments in phase II/III
clinical trials is over 70%. If we intend to make meaningful progress
with vaccine-based cancer treatments, we need to resolve this glaring
discrepancy between theory and practice.
First, almost all of the failed vaccine trials were conducted in
patients with advanced, late stage disease as a primary or salvage
treatment to improve overall survival. This is not the patient
population that successful vaccines have achieved clinical benefit.
These patients are often heavily pretreated and have extensive
disseminated disease. In this setting, these immune-base treatments
are expected to be effective within a well-established, tumor
microenvironment that is often immunosuppressive. As mentioned
earlier, we now have considerable evidence that tumor-infiltrating
lymphocytes (TILs) demonstrated an “exhausted” phenotype initiated
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by molecular interactions within the tumor cells. Specifically
molecules such as members of the PD-1/PDL-1 axis negatively
regulate the efficacy of these immune responses [3]. These critical
interactions prevent cytotoxic T-cell responses against cancer cells,
essentially cloaking them from the immune system. Thus, even with a
systemic, robust immune response, the functional immunocompetant
cells are suppressed within the primary tumor.
It is well established that a general consideration in vaccine
development is antigen discovery, the selection of the most
informative targets. With respect to cancer vaccines the ideal targets
should be tumor specific. The history of cancer vaccines is replete with
the failure of cancer vaccines that were constituted by too limited or
nonrepresentative antigen targets. Also, it is important to use the
intended study population to assess the proportion of tumors that
express the targets of choice and the proportion of cells within each
tumor that express it. Thus, it should be a goal in the antigen discovery
phase of vaccine development to actively search for a maximum
number of shared antigens that most effectively define a patient
population of interest.
However, this stipulation would require a disease with significant
inter- and intra-patient homogeneity. This flawed approach is
complicated by the fact that in all cancers, there is a staggering degree
of heterogeneity within established tumors and between patients of a
given cancer type.

Tumor Heterogeneity and the Impact on Antigen
Discovery in Cancer Vaccine Development
Based on genomic analysis there is validation of both intra-tumor
and inter-tumor heterogeneity. An excellent example of the intertumoral heterogeneity inherent to cancer was provided by Wood et al.
[43]. To answer the question, these investigators asked “how many
genes are mutated in a human tumor?” Applying the latest DNA
sequencing technology to a cohort of breast and colorectal tumors,
they reported roughly 80 mutations that alter critical amino acids were
evident in a typical tumor.
About 95% of these mutations are single-base substitutions,
whereas the remainders are deletions or insertions. By definition, the
resulting altered proteins are unique from the perspective of the
immune system and all are candidates for potent immunological
markers or TAAs. However, when the sequencing results of individual
tumors are visualized as mutational landscapes, a troubling view
emerges (Figure 4). Despite sharing a similar number of mutations,
breast and colorectal cancers demonstrated very different results with
respect to the type of mutations and specific genes mutated. Of the ~80
mutations in an individual tumor, only about 3 of these mutations
were shared between two different tumors. Additionally, many of the
most common mutations are observed within intracellular signaling
molecules (p53, P13K, etc.) that may not be effectively presented to the
immune system. Consequently, a polyvalent cancer vaccine is
technically limited from providing the diversity required to stimulate
an appropriately robust and therapeutic immune response across a
given patient population. Based on these results, antigen discovery for
the development of “off the shelf” cancer vaccines takes on a new level
of complexity and is fraught with logistical hurdles.
We have simultaneously gained a greater appreciation for the
troubling degree of intra-tumoral heterogeneity inherent in this
disease. Recently, two definitive studies have proven that individual
tumors are comprised of many distinct clonal populations. Yachida et
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al. [44] were able to demonstrate this in pancreatic tumors while
Swanton and colleagues [45] showed this in renal-cell cancer. Based on
multiple biopsy samples from each patients primary and metastatic

tumor sites, about two thirds of the mutations that were found in
single biopsies were not uniformly detectable throughout all the
sampled regions of the same patients tumor.

Figure 4: Genomic Landscape of Colorectal Cancer, Wood et al. [43]. A two-dimensional map of genes mutated in colorectal cancers, in
which a few genes "mountains" are mutated in a large proportion of tumors while most are mutated infrequently. The mutations in two
individual tumors are indicated in the lower map. Note that only 3 mutations (blue dots on bottom landscape) were common to both tumors
indicating a potential for weak common immunogenicity.
Undoubtedly, future studies will demonstrate that this level of
intra-tumoral heterogeneity is a general feature of cancer. While intertumoral heterogeneity calls into question the logic of the cancer
vaccine trials of the past, intra-tumoral heterogeneity challenges the
promise of “personalized medicine.” A major focus of cancer research
today is profiling patient-specific mutations such that appropriate
targeted agents can be used in a rational manner to treat primary
disease. Given the degree of intra-tumoral heterogeneity how can a
random biopsy be expected to adequately represent the complexity of
the entire tumor? How many biopsies are required? What clones with
known resistance lay undetected in the remaining tumor? This leads to
the provocative yet critical question, is tumor heterogeneity of any
practical value and how does one embrace heterogeneity in cancer
treatment? With respect to cancer vaccines, the answer is employing a
means of antigen discovery that is inclusive, highly adaptable and
exquisitely sensitive utilizing the entire array of parenchymal tumor
cells as source material.

J Clin Cell Immunol

Tumor Immunology

An autologous cancer vaccine, or the process of using a patient’s
own tumor as source material for an individualized treatment, is not a
new endeavour. However, given what we now know about tumor
heterogeneity, we are primed to deploy these tools in the appropriate
way. Using powerful, genomic sequencing technology and an updated
understanding of tumor-immune system interactions, we now have
the ability to design tools capable of addressing the biological realities
of cancer. We are at the cusp of a renaissance for ASI, assuming we
follow a basic set of guidelines.
•

•

While antigen discovery platforms of the past emphasized the use
of common antigens, based on tumor homogeneity, there is now
indisputable evidence cancer is comprised of extreme genetic
diversity from an inter- and intra-tumoral standpoint. It is now
illogical to treat a heterogeneous disease with homogeneous tools.
As immunologists, we are aware on one highly adaptable,
exquisitely sensitive tool provided by evolution to address the
magnitude of cancer diversity – the immune system.
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•

•

No longer can we use cancer vaccines to inappropriately treat
established or advanced disease. We must be focused on
preventing recurrence in the adjuvant setting by curing minimal
residual disease (MRD). In this way, latent disease, which has not
yet established a tumor microenvironment, but is certainly capable
of doing so later, would be the therapeutic target. This has
opportunity of significantly impacting cancer mortality as the
majority of cancer patients (~80%) die due to recurrence.
In the clinical setting described above, extending recurrence-free
survival (RFS) should be the primary endpoint of autologous
cancer vaccines. Overall survival will serve as a secondary clinical
endpoint. A schematic that emphasizes this last point is provided
in Figure 5.

The first randomized, multicenter, Phase III clinical trial [46] for
OncoVAX was attempted in stage I/II/III colon cancer patients under
the auspices of the Eastern Cooperative Oncology Group (ECOG).
While the final results showed no significant clinical benefit, this study
was instructive for a number of reasons.

An Autologous Tumor Vaccine: OncoVAX
OncoVAX immunotherapy is a patient-specific (personalized)
vaccine composed of irradiated, but metabolically-active, autologous
tumor cells compounded with TICE® BCG, a live, attenuated
mycobacteria which serves as a potent adjuvant. Using a proprietary
method for dissociating and purifying cancer cells from a resected
tumor, this autologous vaccine induces a robust and functional
immune response. By using the entire tumor and relying on the
immune system to determine which epitopes are unique, the vaccine
provides a treatment in which no preconception of "known" or shared
tumor antigens is needed. However, a series of steps were required to
bring this treatment from proof of concept to therapeutic reality.

Figure 5: Best Hope for Significant Progress with Solid Tumors is
via Treatment of Minimal Residual Disease.

Figure 6: Induction of a DTH response. Updated data from Hoover et al. [48].
First, vaccine preparation was accomplished in a decentralized
fashion, with each clinical site manufacturing the autologous vaccine
in their respective pathology departments. Due to the logistical
realities of OncoVAX preparation, this study clearly demonstrated the
requirement for a central manufacturing facility to assure adequate
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quality control (QC) and quality assurance (QA), providing a more
standardized approach to vaccine production. Additionally, this
oversight needed to extend from the primary facility to the clinical
sites where the final vaccine was compounded with TICE® BCG.
Secondly, based on the results in the guinea pig model, the treatment
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protocol for this study only involved three intradermal vaccine
injections, delivered each week beginning 28 to 35 days after tumor
resection. The first two injections were compounded with TICE® BCG
while the third vaccination was comprised autologous tumor cells
alone. The final injection without adjuvant is critical for monitoring
whether the immune system has been trained to react to cells
previously defined as “self.” Active and potent immune responses
toward these cells manifest as a DTH reaction visible at the site of
injection (Figure 6). This visible response is still the best in vivo
indication of T-cell specificity and activity. Indurations greater than 5
mm are considered a significant indication of a specific T-cell
response. Additionally, this reaction serves as proof of concept that
with prior adjuvant stimulation the immune system has been trained
to recognize these cells, and hopefully any MRD remaining after
surgery. Not surprisingly, induration size correlates well with patient
outcome (Figure 6).
Lessons learned from the previous study were incorporated into the
next Phase III clinical trial (8701). This study [47] utilized a centralized
manufacturing facility to address the QC and QA issues encountered
in the previous trial. This required processing to occur within a
reasonable geographical area, consequently, production was

centralized at the Free University in The Netherlands, a reasonable
distance from the 12 Dutch hospitals participating in the trial.
Additionally, pathologists participating in the study needed to modify
their standard sampling procedures to provide maximum tumor
material for vaccine production while allowing for adequate
diagnosing and staging. Following resection and staging, tumor
samples were sent to the production facility for dissociation,
cryopreservation, irradiation, and administration. The treatment
protocol was also augmented to include a four vaccine regimen: three
initial weekly treatments (two with TICE® BCG, one without) and a
six-month follow-up booster inoculation.
The follow-up booster was added based on the results of a side
Phase II trial [48] that suggested initial immune responses begin to
wane 6 months after the induction vaccinations (Figure 7). However,
due to the addition of a fourth inoculation, larger tumors were
required for sufficient vaccine production. With a minimum
requirement of 3-3.5 grams of tumor, this trial was logistically limited
to stage II/III patients. An additional study change involved stratifying
patient randomization by tumor stage to power for a prospective
analysis.

Figure 7: Survival and disease-free survival in patients grouped according to their DTH response to the third vaccine, Harris et al. [46]. In the
ECOG study 5283, there was inadequate quality control of the vaccine specifications and a percentage of the patients received inadequate
vaccines, based on the potency with respect to live tumor cell count. This inadequate potency among a group of vaccines was reflected in
failure to induce a significant T-cell mediated immune response as measured by DTH. This lack of vaccine potency correlated to clinical
benefit as reflected in significant differences in recurrence-free- and overall-survival.
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Subjects randomized to the control group (n=126) received no
further treatment after surgical resection and were followed according
to scheduled assessments. For subjects randomized to OncoVAX
(n=128), patients received the four vaccine program outlined above.
OncoVAX was well-tolerated, with 102 of 128 patients receiving all
four vaccinations. To determine the extent of DTH reactivity, injection
sites were measured for indurations 48 hours after the third and fourth
immunizations. Subjects were defined has having achieved cellular
immunity if the average of both measurements were greater than 5
mm. By this criterion, 97% of patients achieved effective cellular
immunity after the fourth inoculation.
When patient response in the OncoVAX cohort was determined
during follow-up, in an Intent-to-treat analysis, no statistically
significant differences in recurrence free survival (RFS), overall

survival, or recurrence-free intervals (RFI) were observed. However,
when a prospective analysis of patients was analyzed by stage, subjects
with stage II disease had clinically meaningful and statistically
significant outcomes in both RFI and RFS. Both five-year event-free
rates and log rank rates were improved with OncoVAX treatment in
stage II patients (Figures 8 and 9). The favorable 16.4% difference
between control and OncoVAX patients represents a 41.4% relative
risk reduction of disease progression (5-year survival p=0.008; logrank analysis p=0.018). Overall survival (Figure 10) showed a
statistically significant improvement in stage II OncoVAX treated
patients (17.5%) over those patients in the control group (27.3%). The
favourable 9.8% difference represents a 33.3% relative risk reduction
(5-year survival p=0.014; log rank analysis p=0.074).

Figure 8: OncoVAX® – Clinical Results. 8701 Study – Recurrence-Free Survival* in Stage II Patients. The results were published in the British
Medical Journal The Lancet January 30, 1999; 353: 345-350.
In the intent-to-treat (ITT) population of all randomized stage II
patients, there were 43 recurrences. The five-year recurrence free
interval p-value (0.01) and the log rank analysis p-value (0.004) was
highly significant, it was discovered in referee pathology diagnosis that
this included a proportion of B1 patients (9 control and 4 treated
patients). These were excluded in the separate Stage II (B2, B3)
analysis, the control and OncoVAX treatment groups, respectively.
When compared to the control group, the favorable 16% difference
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represents a 57.1% relative risk reduction in the recurrence of colon
cancer in the OncoVAX group (five year survival p=0.026; log-rank
analysis p=0.008).
Trends towards efficacy in overall survival was not statistically
significant in the full intent-to-treat population. A pre-specified
stratification of the trial to analyze by tumor stage demonstrated that
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Stage II patients separately reached statistical significance with a p
value of 0.014 on a five year analysis.
Since this study was completed, surgical techniques associated with
colon cancer treatment have greatly improved. Minimally invasive
laparoscopic surgery has become more feasible than open colectomy,
especially for patients without locally advanced disease. However, a
recent multi-institutional study of 872 patients compared these

surgical techniques and determined that while patients preferred the
minimally invasive option, time to tumor recurrence was still
equivalent after a median follow-up of 4.4 years [49]. These results
have also been confirmed in T3 and T4A & B colon adenocarcinoma
patients [50]. Thus, the recurrence-free interval curve in the surgical
resection only control group is still valid today.

Figure 9: OncoVAX® – Clinical Results. 8701 Study – Recurrence-Free Interval in Stage II Patients.
A more recent study by de Weger, et al. [51] updated 8701 patient
results with 15-year follow-up data. The event-free survival data are
presented as a Kaplan-Meier plot in (Figure 11) for the original study
(all 254 patients). OncoVAX patients still demonstrated improved
survival compared to surgical patients alone at 15 year follow-up
[HR=0.62 (95% CI: 0.40-0.96), p=0.033]. Using formalin-fixed paraffin
embedded blocks from 196 of these patients, the authors also
determined OncoVAX treatment was particularly effective for patients
with microsatellite instability and microsatellite stable Dukes B
tumors. The long-term, stable results observed with OncoVAX
treatment can only be achieved with a robust immune response
employing long-term immunological memory and surveillance. All of
these aspects are essential prerequisites for successful and impactful
cancer treatment.
Safety was comparable in the OncoVAX treatment cohort
compared to surgery alone. One patient treated with OncoVAX was
hospitalized for treatment of a flu-like syndrome and the event
resolved nine days later. Another patient required discontinuation of
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OncoVAX treatment due to a 21 x 32 mm ulceration which developed
after the second inoculation (BCG had been omitted due to adverse
events after the first inoculation). However, as a group, control
patients more commonly experienced non-fatal serious adverse events.
Thirty-three patients in the OncoVAX group (25.8%) and 46 patients
in the control group (36.5%) experienced at least one non-fatal serious
adverse event. Taken together, stage II colon cancer patients had fewer
non-fatal serious events and improved recurrence-free and overall
survival.
In the adjuvant setting, effective treatments are lacking for stage II
colon cancer patients. To address this need, the FDA has requested a
second, confirmatory, randomized controlled Phase III trial of
OncoVAX in stage II colon cancer patients. Based on a protocol
approved by the FDA, this study will be carried out under a Special
Protocol Assessment (SPA). An SPA granted by the FDA provides a
mechanism for the sponsors and the FDA to reach agreement on size,
execution, and analysis of a clinical trial that is intended to form the
primary basis for regulatory approval.

ISSN:2155-9899 JCCI, an open access journal

Citation:

Hanna MG (2014) Active (Patient Specific) Immunotherapy of Colon Cancer: A Transition from Preclinical Studies to Successful Clinical
Trials. J Clin Cell Immunol 5: 269. doi:10.4172/2155-9899.1000269

Page 10 of 12

Figure 10: OncoVAX® – Clinical Results. 8701 Study – Overall Survival in Stage II Patients.
The primary endpoint of this pivotal Phase III trial is RFS with an
interim and final primary analysis with one and three years follow-up,
respectively. The study is powered to detect a 50% improvement in
RFS with 90% certainty. If a robust statistical significance is achieved
during the interim analysis (median follow up of 1.5 years or 70% of
the expected events), the Biologic License Application (BLA) can be
filed. Past clinical trials using the optimum four immunization
regimen (8701) will be accepted as supportive studies during the FDA
review of the BLA. This critical and careful approach to the clinical
development of OncoVAX should allow for approval in stage II colon
cancer patients, which remains a population of true “unmet medical
need.”

Conclusion

Figure 11: OncoVAX® – Clinical Results 15 year F/U. 8701 Study –
Recurrence-Free Interval (RFI) in Stage II Patients. Survival time in
years on the X-axis and the percentage Recurrence Free Interval on
the Y-axis. Kaplan-Meier curves, comparing ASI with the control
group in the original study population (n=254), show a significant
better prognosis for patients who received adjuvant ASI therapy.
(ASI versus Control at 15 year follow up; HR=0.62 (95% CI:
0.34-0.96) log rank p-value 0.033), de Weger et al. [51].

The preclinical cancer vaccine immunotherapy results, based on
utilization of the inbred Strain 2 guinea pigs using BCG and the
progressor L-10 hepatocarcinoma were valuable in defining and
performing autologous tumor cell ASI in colon cancer patients. In
humans, booster vaccinations were imperative; the three induction
vaccinations were necessary but not sufficient for clinical benefit. The
requirement for live metabolically active parenchymal cells was
important and the cell numbers required for a robust response was
comparable. The capability of detecting and measuring DTH 48 hours
after the third and fourth vaccination which consists of live tumor cells
alone, in both man and guinea pigs was beneficial to quickly determine
the potency of the vaccines. These positive in vivo immune results
compared directly with clinical benefit. In fact, the long lasting RFS
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benefit at 5 years and as long as 15 years for occult disease in stage II
colon cancer clearly supports a major, long lived immunological
memory.
A major consideration we have been challenged with in the
development and implementation of this immunotherapeutic
approach was the logistics. Actually, for OncoVAX, this is the least
concern compared to the FDA approved cancer vaccine, Provenge,
and some of the other passive cancer therapies. The preparation of the
tumor in surgery is handled as an organ transplant, transported by a
specialized courier, centralized cGMP manufacturing process is noncomplicated cytology, completed in 6 hours, resulting in a sterile, nontumorigenic live tumor cell vaccine. This is frozen by controlled-rate
freezing which is shipped back to the clinic frozen in LN2 and has one
year shelf life.
The compounding of the tumor cells with BCG, the last step of the
process is completed at the clinic using standard pharmacy
procedures. For the pivotal Phase III clinical trial this step is being
performed in a dedicated space. The big issue is the
pharmacoeconomics. I headed the team that completed the essential
clinical trials and submission of TICE BCG for successful regulatory
approval for pre-invasive bladder cancer. We have always been proud
that it remains today the most economically viable treatment for any
cancer. I speculate that OncoVAX will be the most
pharmacoeconomic immunotherapy with major, significant clinical
benefit when used initially in an adjuvant setting for prevention of
recurrence in stage II colon carcinomas, and in more advanced disease
stages in combination with anti-immunosuppressive tools and
possibly certain cytotoxic drugs. The cost per life year gained and
quality adjusted life year gained will be very acceptable to primary
health care insurers.
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