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Abstract

In a recent issue of Nature, an article appeared discussing the issue of “Sizing up a slow assault on
Cancer” (Nature 2013;496:14-15). This article attempted to clarify various approaches that the
clinician might employ in bringing cancer under control. It also discussed the role of the immune
system with regard to its capability for controlling tumor growth. In addition, it covered possible
directions that might be taken to improve present responses to immunotherapy based on utilizing
T-cell activity directed against the tumor. While there is some validity to the concept that cell
mediated immunity is utilized by the host in its attempt to control evolving malignancy, this process
actually represents only a minor role taken by the hosts immune system to accomplish what is
needed for tumor control. Clinical studies at Precision Biologics have demonstrated that for tumor
growth to be effected properly by the hosts immune system, expression of a specific humoral IgG|1
response directed against immunogenic tumor glycoproteins on the cell surface membrane,
constitutes the primary method needed for tumor control. Failure to obtain significant levels of the

needed IgG response almost invariably results in recurrence and progression of disease.
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The Host Immune Response

When fully activated, the more potent part of the
host immune mechanism comes into play, especially
when the proper immunogen characterizing a specific
antigen expressed by the tumor is delivered at a
therapeutic level. Mounting evidence from both
in-vitro and in-vivo studies at Precision Biologics and
other research groups suggest that this process is
represented mainly through a B cell response, pro-
ducing the needed levels of the specific IgG1 that can
bring tumor growth under control (2-5). Under nor-
mal circumstances however, the needed level of tu-
mor antigen expression to induce the proper host re-
sponse is low. Therefore the host attempt to gain con-
trol of the situation by the process of tumor surveil-
lance is not an effective mechanism in most circum-
stances, and progression of disease will be noted.

There is no question that the presences of cyto-
toxic T-cell lymphocytes permeating a neoplastic
process have some relevance in helping to achieve a
beneficial response. In a recent study from Sloan Ket-
tering however, in evaluating the presence of TIL
(tumor Infiltrating Lymphocytes) cells in patients
with colorectal carcinoma undergoing surgery for
liver metastasis, it was found that the existence of
cytoxic cells could be shown to have some benefit, but
the presence of T- regulatory FoxP3 CD8 cells had a
negative outcome in terms of survival (6). Similarly,
Facciabene et al. Found that T-regs are potent immu-
nosuppressive cells that help to enhance progression
of the malignant lesion thru limiting host immunity
and promoting tumor angiogenesis (7).

Data that is now being accumulated from vari-
ous clinical trials have failed to support present
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methods being employed or planned, for delivering
cytotoxic cells as a definitive approach to controlling
both primary and metastatic lesions. Ongoing clinical
trials utilizing targeted monoclonal IgG1’s directed
against immunogenic tumor proteins now appears to
offer the best opportunity for controlling if not curing
the metastatic malignant process when the naked an-
tibody is delivered in combination with other anti-
tumor agents. The major goal for employing this ap-
proach is first to have isolated and characterized those
immunogenic proteins characterizing the malignancy
and subsequently for developing the monoclonal ca-
pable of targeting the immunogen which most often
represents a mutated or post translational modifica-
tion of an existing oncofetal protein.

The immune response to therapy and the
role of cytotoxic T cells

The term tumor infiltrating lymphocytes (TIL)
has been applied to those cells derived from the tumor
parenchyma and is believed to represent a host re-
sponse aimed at helping to control tumor growth.
One of the first descriptions characterizing this pro-
cess was introduced in 1949 when Moore (8) pub-
lished his classic paper describing tumor infiltrating
immunocytes, associated with breast cancer. The
process defined by the pathologist, was termed me-
dullary cancer of the breast. Here, patients with this
form of disease were considered fortunate in having a
better prognosis with regard to survival based on the
presence of the lymphocyte infiltrate.

Among several of the first group of patients with
breast cancer that we had treated at Sloan-Kettering, a
pre surgical biopsy proved the lesion to be medullary
carcinoma. This took place several years after Moore
published his findings with this form of breast cancer
and as such the initial impression was that these pa-
tients would have, with little question, a favorable
outcome in terms of prognosis. Within months of
surgical resection, each of these node negative pa-
tients presented with distant metastasis.

In attempting to resolve this issue of host pro-
tection by an infiltrative lymphocytic process within
the tumor, new questions arose, all with regard to the
failure to define an improved survival especially in
tumors such as medullary carcinoma. It appeared that
much of the information describing prognosis for this
tumor type was frequently misleading and that me-
dullary cancer of the breast was in reality a high grade
malignancy with poor prognosis. Flores, Arlen et al.
(9) reviewed over 100 cases of this so called disease
process, dividing the patients into 4 groups based on
the level of lymphocyte infiltration It became appar-
ent early on, that the greater the level of lymphocyte

infiltration within the breast tissue, the poorer the
prognosis. It was very obvious that the presence of
tumor infiltrating lymphocytes did not bode well in
terms of controlling the malignant process and did
not, as originally described, represent a major attempt
by the host to control tumor as it continued to grow.

This particular finding continued to remain
equivocal until Dudley and Rosenberg (10), in isolat-
ing and culturing infiltrating lymphocytes from tu-
mor specimens, now termed TILL cells, was able to
demonstrate some benefit, but still an insignificant
response following the isolation, scaling up, and de-
livery of large numbers of such TIL cells to the host
presenting with metastatic cancer. While a partial
response was seen in a few patients with metastatic
melanoma, it did not appear to represent, from a
clinical point of view, a major change in altering sur-
vival of those patients with metastatic disease. In 2006
(11) Morgan and Dudley further demonstrated that
the receptor of T-cells could be transferred to immune
cells as a form of gene therapy and again when de-
livered in combination with chemotherapy and high
dose IL-2, they could demonstrate an occasional ben-
eficial response. The problem that arose however was
that in a similar situation, some patients could be
shown to have a partial response independent of the
use of TIL cells, when IL-2 was given along with
chemotherapy. A number of ongoing studies are still
being devised and utilized whereby activated T cells
are being employed in melanoma studies. Whether
any major benefit will be obtained from the data ac-
crued in these studies is controversial.

Jamieson has looked into the possibility that in-
filtrating lymphocytes representing the presence of a
high grade inflammatory response in patients with
pancreatic cancer does confer some beneficial re-
sponse. It appears in some instances that the presence
of this response does suggest prolongation in surviv-
al. Whether any specific cell type such as the presence
of NK cells is associated with clinical benefit was not
apparent (12).

A further analysis of the possible mechanisms
resulting from activation of a cellular immune re-
sponse appeared in a study by Schietinger et al.(13)
They reported that bystander killing of cancer re-
quired the cooperation of CD4* and CD8* cells. Ex-
perimental cancers could be eradicated by such T cell
combination targeting the tumor stroma as a major
factor in bringing the lesion under control.

Jiang and Mann (14) looked further into the
phenomenon and possible benefit of immune cells
entering into the tumor matrix. They described the
activity of such infiltrating cells with regard to tumor
lysis and noted rather, that lymphocytes entering
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tumor parenchyma appeared in many instances to
help chaperone tumor cells within the lesion to the
lymphatic and vascular systems, thus enabling the
tumor cells to metastasize. No antitumor response
was noted by these cells in their association with ad-
jacent malignant cells. They therefore categorized
infiltration of tumor by lymphocytes in negative
terms and regarded this phenomenon as a failure in
the host response, attempting to bring existing tumor
under control.

Where it was felt that existing immunocytes in
the host demonstrated some degree of impaired func-
tion, specific monoclonals were developed that could
be used to restore these functions (15). As such Im-
munomodulatory antibodies directed against cytoxic
T cell associated antigen 4 (CTLA-4/CD52) and pro-
grammed cell death ligand 1 (PDL-1/CD274) were
developed and shown to demonstrate evidence of
improvement in clinical response. There have how-
ever been a limited number of patients who appear to
benefit from such immunomodulatory antibodies.
The factors involved here were felt to be possibly be-
ing due to an inadequate number of, as well as im-
paired cytotoxic lymphocyte activity. With this in
mind, a more plausible approach appeared to be in
directing the immune system to target those immu-
nogenic proteins found on the surface of the tumor;
those that characterize the specific tumor system, i.e.,
colon, pancreas, lung etc.

While most foreign cells considered as invaders,
such as bacteria and viruses, contain sufficient levels
of the target antigen to allow the host immune system
to control their presence, when one considers the
cancer cell as a potential foreign invader, the level of
tumor antigen/immunogen present is too low to al-
low for effective control. Here one needs to define the
tumor associated antigen (TAA) and present it to the
host in sufficient amounts (threshold level) to allow
an effective host immune response to occur.

Clinical use of Tumor Associated Antigen
and the Resulting Immune Response

A more rational approach leading to an under-
standing of how host immunity could be properly as
well as effectively activated was described by Hol-
linshead (16). During the 1980’s when the Hollinshead
vaccine was approved for use in treating patients
undergoing surgery for advanced neoplastic lesions,
the length of survival among those receiving pooled
allogeneic antigen preparations was found to more
than double over those undergoing surgery alone
Whereas recipients receiving the vaccine developed
enhancement in both their cell and humoral respons-
es, the one factor that appeared most responsible for

improved survival, was the ability to produce an ad-
equate and prolonged level of an IgGl antibody di-
rected against the tumor antigen. Failure to develop a
sustained serum level of the antibody capable of tar-
geting tumor antigen expressed on the cell surface
membrane, resulted in recurrence in spite of the
presence of an adequate T cell response. The im-
portant factor here was that the vaccine was specific
for the tumor system being treated and that it was
delivered at a threshold level of approximately
700-1000 pgm. depending on the degree of purity.
This preparation was given at antigenic levels more
than 20 times that of the immunogenic proteins pre-
sent within the patient’s own tumor system. This in
essence precluded the use of the patients own tumor
for developing effective personalized vaccines as had
been directed by the FDA.

In a paper by Hollinshead, Takita and Stewart
(17), one can easily recognize the improved and sus-
tained survival seen in lung cancer patients who re-
ceived a tumor antigen preparation. Pooled allogeneic
protein was delivered in the form of a vaccine plus
adjuvant following resection. There were no re-
strictions in the use of such preparations at the time,
since HPV, hepatitis B and C and HIV were not con-
sidered major threats in producing and delivering
such preparations. Results obtained for patients re-
ceivng such vaccines in the above study were com-
pared to those having undergone surgery alone and
who therefore served as controls (18) (Fig.1).

On completion of the vaccine trials going into the
1990’s and at the suggestion of the FDA, it was felt
that the pooled allogeneic vaccines could have some
form of viral contamination and as such should not be
further utilized for therapy. Rather they suggested
that the tumor proteins in the vaccine be used to
produce monoclonal antibodies and that such anti-
bodies be employed to further define the structure of
the pooled proteins by immunoprecipitation and
mass spectroscopy. At this particular time, ADCC
(antibody dependent cell cytotoxicity) was coming
into vogue for evaluating the ability of antibodies to
induce a form of tumor lysis. Such studies were being
performed on carbohydrate antibodies such as 17.1a.
As a control, one of our monoclonals targeting colon
cancer termed 31.1 was utilized. It is readily apparent
that a protein antibody such as 31.1 used to define an
immunogenic glycoprotein can be far more effective
than what one sees with a carbohydrate antibody such
as 17.1a (Fig.2). Considering that colon tumor cells in
culture, proliferate at about 6-10% q 6hrs. One would
expect from this data that that nothing less than a 30%
ADCC would give the needed clinical response.
When the monoclonal antibody 17.1a, now termed
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Panorex, was utilized in clinical trials for patients with
Dukes C2 colon cancer, it was not unexpected to find
absence of a significant improvement in survival. One
would anticipate that a protein derived monoclonal,
with an ADCC in excess of 50% and delivered at the
right therapeutic dose could achieve a long needed
clinical response. This became the target of the thera-
peutic trials at Precision Biologics knowing that with
monoclonals delivered intravenously, the rapid tumor
response seen in a matter of hours could be an effec-
tive way for treating patients with recurrent cancer
having failed chemotherapy (19).

Animal studies that were performed were
planned to demonstrate that the proper IgG1’s deliv-

ered to nude mice presenting with fully established
human colon or pancreatic carcinoma could be
brought under control. In all such studies comparing
nonspecific IgGs to those IgG’'1 derived from the tu-
mor antigen preparations of Hollinshead, a major
antitumor response was seen with the specific mono-
clonals. The antibodies for potential human trials
were chimerized since any ADCC response would
rely on the delivery by the antibody, of NK cells at-
tached to receptors on the human Fc. Each of the
monoclonals that have been developed by our group
for therapeutic use is now in the process of being
humanized.
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Fig 1. Demonstrates a decrease survival that progresses well beyond 42 months in patients failing to receive immunotherapy. Where the survival of the
immunized host remained above 75% at 5 years, the major factor resulting in total control of the tumor with regard to survival appeared to be the ability

or failure to produce an IgG| targeting the tumor immunogen.
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Fig 2. The ADCC response at an effector to tumor ratio of 80:1 produced better than an 75% ADCC/ when the chimeric version was employed. This
response is due to delivery of NK cells to the tumor when the NK cell binds to an NK receptor on the Fc of the monoclonal requiring that such antibodies
if not delivered in the human or humanized form must receive at least a chimeric version.
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Fig 3. demonstrates the ability of the monoclonal antibody for Colon Cancer targeting the immunogenic tumor antigen for tumor regression. The animal
given a non-specific antibody had progression of tumor growth. Antibody was not given along with the human cells that then did or didn’t establish tumor
growth but was used for treatment only after the large tumor growth became apparent.

Therapeutic use of Monoclonal Antibody
Preparations

In terms of colon and pancreas cancer studies,
we are presently in Phase Ila trials with the chimeric
version of the antibody Neo 102 targeting an oncofetal
protein expressed in both colon and pancreas cancer.
Three immunogenic antigens have been defined for
these tumors. Each represents an oncofetal status of
the expressed protein, wherein at the time of malig-
nant expression of the lesion a mutation has been
characterized which represents either a gene mutation
or post translational modification within the core
peptide of the corresponding oncofetal protein. The
monoclonals that target these proteins are effective in
both diagnosing the presence of shed antigen repre-
senting tumor markers in the serum, are capable of
detecting the presence of early as well as late trans-
formation within normal appearing cells, and when
delivered intravenously, can hunt, seek and destroy
any cell expressing the antigen. No normal tissue has
been found to express these tumor antigens. A recent
publication by Arlen et al from our group covers how
our monoclonals effect the clinical activity of colon
and pancreas cancer and also serve to diagnose the
presence of such lesions by ELISA and IHC (20).

Considering that the monoclonals we are em-
ploying induce a number of different antitumor re-
sponses in addition to ADCC and that the effect on
tumor can occur within several hrs of administration,

it appeared ideal to employ monoclonal antibody
therapy in patients with recurrent tumor having failed
chemotherapy such as those with metastatic pancreas
and colon cancer. We are hoping that as trials pro-
gress, that we can show major changes in clinical re-
sponse when the naked antibody is delivered in com-
bination with chemotherapy and that a possible fol-
low up to the initial antibody approach will be deliv-
ery of the antibody conjugated with an alpha emitter
and possible addition of immune stimulants to further
enhance an overall clinical response.

Conclusion

While many different approaches have been in-
vestigated in terms of controlling cancer growth in-
cluding use of those monoclonal antibodies that
minimize vascular proliferation or attack epidermal
growth factors as well as blocking signaling pathways
thru tyrosine kinase inhibitors, we believe that the
Precision Biologic approach using targeted monoclo-
nal therapy is one of the more effective approaches to
utilize. When delivered initially as a naked therapeu-
tic monoclonal antibody and later in combination
with other antitumor agents, it is felt that this ap-
proach can offer the best possibility for achieving a
cure, even in the metastatic setting.

Later on, as we achieve our goals in targeting
recurrent tumors with our therapeutic antibodies, the
use of peptide vaccines, several which have already
been designed, will be introduced to help prevent the
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high rate of recurrence of malignancy seen after com-
plex operations such as the Whipple (pancreatecto-
my). Initial evaluation of 12-20 mer peptides derived
from the epitope binding sites on the altered TAA
from which the monoclonals have been derived;
suggest that such epitopes when delivered in the form
of a peptide vaccine can turn on the full immune re-
sponse. Further on in the future, we may consider
employing polyvalent peptide combinations to possi-
bly prevent the development of a malignant disease
process similar to what can achieve by employing
antiviral vaccines. All of these approaches are antici-
pated to bring “cancer” as a disease under control if
not eliminate it.
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