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Abstract

Pancreas Cancer remains one of the more difficult lesions to manage 
whether at the time of diagnosis or when seen for recurrent disease. When the 
tumor is operable by one of several surgical procedures depending on site of 
origin, survival rarely exceeds 10% at the 2 year level post op. When initially 
diagnosed with a metastatic lesion, survival of the patient rarely reaches 1 year. 
Chemotherapy becomes the standard method of treatment. When Gemcitabine 
is utilized the survival is found to be in the range of 5 months and when this is 
followed by Abraxane, an additional 7-10 wks can be expected.

In order to improve survival beyond that achieved by chemotherapy alone, 
immunotherapeutic agents are being introduced, with the hope of enhancing 
the overall survival rate. Many immunogenic targets have been defined, but 
those offering the best opportunity for accomplishing the needed response are 
proteins (TAA’s) expressed by the tumor that are immunogenic and specifically 
characterize that lesion without cross reactivity to normal tissue.

We have found in our studies of colorectal carcinoma that several tumor 
associated antigens are present and that one in particular, the post translational 
modification of MUC5ac is highly expressed in many cases of pancreatic cancer. 
This protein is present mainly tumors of the colon and pancreas but at levels 
too low to be recognized by the host immune system. After isolating this TAA 
and measuring levels of its expression by the tumor, few lesions contain more 
than 25-50 ugms. A detailed study of levels necessary to induce the proper 
immune response has been shown to be between 500 and 1000 ugms. We 
have also looked at mechanisms by which TAA, when delivered at proper levels 
produce immune suppression of the lesion. The mechanism has been shown 
to primarily be IgG1 expression by the B cells and that the cytotoxic T cells do 
not play a major role. The monoclonals do not directly affect the tumor by rather 
function through ADCC (antibody dependent cell cytotoxicity). In the present 
paper discussing our clinical trials, patients entered have failed all therapeutic 
approaches, have been shown to express the proper target antigen and as 
such receive 400 mg. antibody IV q 2 wks. The nature of the tumor antigen, 
development of the monoclonal system employed and status of the ongoing 
FDA trial is described.
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Introduction
Among the various solid tumor malignancies, one of the more 

aggressive lesions, one that exhibits a high mortality rate virtually 
from its earliest stages of inception is the pancreatic adenocarcinoma 
[1]. This is based on the fact that among those primary lesions to 
be encountered and evaluated during early stages of development, 
that metastasis will probably be detected in most of the patients [2]. 
Survival, for such lesions is for the most part based on progression 
of disease seen months after diagnosis rather than the longer periods 
seen with other GI malignancies. The end stage for this form of cancer 
occurs rapidly even though numerous therapeutic approaches have 
been applied to control the primary lesion and any existing metastatic 
growths. Should one detect the primary early enough in its clinical 
onset, so that resection of tumor is feasible, at the end of a two year 
period post surgery, roughly 10% of patients will have survived [3]. As 
such diagnosis usually is achieved late in the clinical course of disease. 
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Early recognition of tumor presence is usually not accomplished in 
spite of detecting minor complaints with minimal symptoms related 
to the appearance of the pancreatic cancer. At the present time the use 
of blood tests defining serum markers specific for pancreatic cancer 
are not that effective [4,5,6].

Should one examine the histologic findings that define the early 
onset of this disease, it will be noted that the initial transformation 
to malignancy arises within the ductal mucosa of the pancreas in a 
pattern similar to what is seen with ductal carcinoma in situ (DCIS) 
of the breast [7] (Figure 1). The genetic alterations occurring within 
the mucosal cell occurs over a 15-20 year period of time until the in-
situ premalignant cells show signs of ductal invasion to then present 
as an early lesion within pancreatic parenchyma [8].

Several patterns of clinical expression can be noted depending on 
where the lesion arises within the ductal system and as such where 
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the lesion itself is defined with relationship to head, body or tail of 
the gland when first detected. The pancreas as an organ lies in the 
upper abdomen, the head presenting within the duodenal sweep and 
the body extending across the upper abdomen (Figure 2). The distal 
tail portion extends to the splenic hilum [9]. 

One of the characteristics that define many malignancies capable 
of metastasizing is their ability to shed surface membrane proteins 
into the blood stream where they can be detected as so-called tumor 
markers. The primary clinical importance associated with defining 
these tumor markers, many representing carbohydrate antigens, 
has been to be able to monitor the status of the patient in terms of 
response or lack of to therapy. As for the Ca 19.9 [4,10] carbohydrate 
marker representing a carbohydrate antigen at the tumor surface, this 
molecule is altered under a number of different situations including 
cancer and inflammation of the organ. As such, without a clinical 
histologic diagnosis, its presence can’t guarantee a malignant status. 
Once the diagnosis of the disease is established, an elevation in 
such markers does signify failure to respond to therapy. The tumor 
markers defined by our group at Precision Biologics are protein in 
origin representing one of several oncofetal proteins and are not 
carbohydrate based. They are sensitive as well as specific to the tumor 
and highly accurate in defining the existence of a malignancy. 

What makes the tumor markers developed by Precision Biologics 
significant is that they represent the immunogenic protein of the 

cell that characterizes the tumor system in which they are expressed 
[11,12]. For each tumor system it seems that the characterizing 
protein representing tumor type is specific for that tumor without 
cross reactivity to the surrounding normal tissue. This protein is 
immunogenic and in most instances oncofetal in origin. The failure to 
have noted their presence as a primary signal for turning on the host 
immune system was first alluded to by Prehn [13]. He suggested their 
existence being an important factor in the behavior of the tumor, but 
was unable to clinically define them in patients. Rather he believed 
that all malignancies were characterized by such oncofetal proteins 
but that they were present at such low levels as to go unrecognized by 
the host’s immune system. Experiments that he performed confirmed 
that such a protein did exist but required pooling to reach a threshold 
level for effectiveness. Once attained, it could, on a theoretical basis, 
be employed as a vaccine to contain or eliminate the tumor. Such 
experiments with human tumor specimens further confirmed Prehns 
hypothesis that all tumors contained such immunotherapeutic 
proteins, but at levels far below the threshold level needed for immune 
recognition.

Discussion
In the 1970’s and 80’s with approval from the FDA, Hollinshead 

at George Washington Univ. was able to validate Prehns proposals 
by preparing pooled allogeneic tumor membrane preparations from 
an array of human neoplasms collected at the time of surgery. These 
pooled proteins were separated and first identified by their M.W. 
using Sephadex gel followed by discontinuous polyacrylamide gel 
electrophoresis. The latter approach was used to narrow down the 
true immunogen present in the crude preparation [14]. 

To be able to confirm the specific activity of a protein group or 
lack of such activity to the antigen being evaluated, patients were 
subjected to skin testing for delayed hypersensitivity reactions. 
(DHR) among those with the corresponding tumor of interest (colon 
cancer), a separate group of patients with malignancies other than 
that of the primary as well as normal volunteers.

When the proper functional protein group was defined, a vaccine 
preparation was developed for clinical testing. Doses of 300 ugm. 
Were employed singly and in combination to define the therapeutic 
level needed. The results, following administration of the vaccine at 
the 900 ugm. Level revealed a dramatic improvement in survival of the 
treated group over the 5-7 years of the studies that were performed. 
An analysis of the improved clinical results suggested that the major 
antitumor response was a result of the production of significant levels 
of IgG1 that targeted the lesion, The mechanism for tumor destruction 
was determined to be antibody dependent cell cytotoxicity (ADCC) 
although some degree of apoptosis that was noted resulted from the 
phenomenon produced via annex in V binding. This suggested that 
cytotoxicity resulted when the tumor membrane became porous 
allowing phospholipid serine to migrate from the inner cell surface 
membrane to the outer cell membrane possibly as a result of TRAIL 
ligation (Figure 3). 

The ADCC mechanism was clearly shown to represent the effect 
of NK cell activity though there is evidence that while NO toxicity 
and perforin can induce the cell destruction seen, that nitric oxide 
synthase, also arising from the NK cell can also play a role possibly 
inducing a state of dormancy in many of the patients..

Figure 1: Early Intraductal alterations representing in-situ Ca.

Figure 2: The position in which the tumor arises with regard to pancreas 
and surrounding structures virtually defines many of the symptoms to be 
recognized as related to the malignancy. 
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When using the monoclonals to achieve an antitumor response 
it is necessary to employ the chimeric or human format of the mAb. 
As the mAb (IgG1) circulates following its IV administration, its Fc 
has the receptor for natural killer cells which are then delivered by the 
tumor specific mAb to the malignant cell surface. The ADCC study 
is performed with the effector cells that are delivered containing a 
defined number of NK cells. In order to properly quantitate them, the 
cells are reported as an E: T ratio or the number of effector cells to the 
tumor cells in culture.

Mesothelin, first isolated at Johns Hopkins was also shown to be 
one of the markers of some importance in defining the development 
of the pancreatic cancer lesion but over the last decade has slowly 
fallen out of favor when used in an attempt at diagnosing pancreatic 
cancer [6]. In general, the clinical serum markers presently available 
for clinical use are all carbohydrate in origin, showing up in many 
conditions unrelated to cancer. Their use as such has been relegated 
to monitoring the clinical course of a known malignancy in terms 
of response or lack of, to a therapeutic approach. In terms of 
pancreatic cancer, the approach employed for following such patients 
subsequent to having established a clinical diagnosis, is the use of an 
array of monoclonal antibodies to detect circulating tumor markers. 
The more commonly utilized antibodies (mAb’s) employed in most 
studies are CA.19.9 as well as CA-50, and CA-195. The antigens that 
we have defined in pancreas cancer have also been shown to shed into 
the serum as well as cystic fluid associated with pancreatic cysts. They 
can be detected with a high degree of accuracy when employing the 
related monoclonals in a serum ELISA.

Our group has been interested in defining more effective targets 
that were found to be specific to pancreas cancer without showing cross 
reactivity to normal pancreatic tissue [15,16]. We were able isolate, 
define and characterize several antigens, that is tumor membrane 
proteins, that proved to be immunogenic and showed no evidence 
of cross reactivity to normal tissues. These antigens which represent 
oncofetal proteins were first defined by our group in colorectal 
cancer but shown to have a strong presence in pancreatic cancer. The 
major antigen that we are presently working with in preparing for 
clinical vaccine trials is a post translational modification of MUC5ac 
needed by the fetus for production of mucin [17]. At birth the gene 
is remethylated to stop functioning. Failure to do so can lead to the 

condition- cystic fibrosis. Studies at present are utilizing monoclonals 
that define and attack cells expressing the MUC5ac mutated molecule 
acting as the oncofetal protein for a large number of metastatic 
pancreatic cancer patients.

In pancreatic cancer, as the molecular process associated with 
transformation to malignancy evolves, those intraepithelial cells 
involved in the process of transformation begin to express tumor 
associated antigens (TAA’s). The tumor associated proteins that we 
have been working with were shown as previously mentioned to be 
oncofetal in origin. There were 3 primary target proteins found which 
were present singly or in various combinations. They represent mutated 
or post-translational modifications of MUC5ac, CEAcam 5-6 and 
an A33-exosome they appear early in the genotypic transformation 
of the normal pancreatic acinar cells to their malignant state. The 
nature of these oncofetal proteins and the monoclonals derived from 
them will be covered in more detail. These proteins were among the 
immunogens first detected in the original Hollinshed Colon Cancer 
Vaccine preparation which in the process of purification appeared as 
a single band on discontinuous polyacrylamide electrophoresis. Later 
it was shown to be a complex of similarly charged molecules when 
evaluated by HPLC. 

By definition, pancreatic cancer is an aggressive lesion that when 
identified at the time of its initial presentation has a poor prognosis. 
The overall survival for pancreatic cancer is about 3.5 months taking 
into account attempts at early diagnosis as well as use of radiation to 
control the disease. If the patient becomes a candidate for surgical 
resection due to a favorable clinical evaluation at the time of 
presentation, within 2 years post op, virtually 90% of such patients 
will have recurrent tumor.

The primary lesion itself begins within the ductal system of 
the pancreas as noted above. Those cells involved in the process 
remains in a relatively dormant state for about 15 or more years 
which should give the clinician ample time to discover and define 
such premalignant lesions at a time when cure is relatively high. In 
patients with a familial history of pancreatic Ca, malignant melanoma 
and with a clinical history of pancreatic inflammatory disease, trans 
duodenal ductal brushing with evaluation of the cellular material by 
immunohistochemistry should offer the opportunity for detection 
of the premalignant cells slowly transforming within the ductal 
system. Surgery or introduction of radio labeled material into the 
ductal system should present the possibility of eradicating such 
cells and as such minimize their incidence of transformation to full 
malignancy. 

Among the less common lesions of pancreas that one may 
encounter, those patients with neuroendocrine tumors have 
a much more favorable prognosis than, for example, those 
with adenocarcinoma of the pancreas. The natural history of 
neuroendocrine tumors, islet cell tumors, and carcinoid tumors tends 
to be very different than that of pancreatic adenocarcinoma [18,19]. 
For example, the median survival duration from the time of diagnosis 
for patients with non-functioning metastatic islet cell tumors 
approaches five years. As an organ situated for the most part in the 
region of abdomen/retroperitoneum (lesser sac), the pancreas extends 
across the upper abdomen from the duodenal sweep to the spleen. 
The organ is divided into 3 structures, the head, body and tail. Tumor 

Figure 3: Demonstrates the ADCC killing capacity of NPC-1 in CF PAC-1 
pancreatic cancer cell lines. 



Austin J Gastroenterol 3(2): id1064 (2016)  - Page - 04

Arlen M Austin Publishing Group

Submit your Manuscript | www.austinpublishinggroup.com

arising at each site presents in a different fashion the symptoms for 
each site. Remain different. They usually are noted when the tumor 
presents somewhat late in its course of clinical development. In the 
head region it is painless jaundice, in the body, invasion of coeliac 
axis causing severe back pain and in the tail, when the splenic vein 
is invaded, gastric varices develop along the greater curvature of the 
stomach and gastric bleeding has started. 

The surgical procedures employed are most frequently associated 
with early presentation of lesions developing in the pancreatic head 
[20]. For the majority of patients with tumors of the head region 
painless jaundice is most commonly noted. The one exception 
is when the tumor arises in the uncinate process. Should any 
evidence of spread beyond the primary site be seen then the lesion 
is considered inoperable. At times should the superior mesenteric 
vein be compromised when trying to create the tunnel under the 
pancreatic neck then RT can be used in an attempt to convert the 
lesion to operability. Division of the neck not only sets up the end 
phase of the Whipple procedure where the pancreatic head and 
duodenum can be removed effectively, but the maneuver exposes the 
length of superior mesenteric vein as it courses superiorly to become 
the portal vein. Most of the patients seen do require some form of 
neoadjuvant chemotherapy early on in their management. The end 
results for most of the patients are really measured in months of 
questionable improvement.

Therapeutic Approaches in Managing 
Pancreatic Cancer 

Five types of standard treatment are used:

•	 Surgery 

•	 Radiation therapy 

•	 Chemotherapy 

•	 Chemoradiation therapy

•	 Targeted therapy

•	 Biologic therapy

Most protocols are designed to cover those having failed standard 
treatment which includes FOLFIERI followed by Gemzar and 
Abraxane. Some of the newer treatments are being tested in clinical 
trials for the failure groups only. When clinical trials show that a new 
treatment is better than the standard treatment, the new treatment 
may become the standard treatment. 

Use of chemotherapy
Chemotherapy is used in an attempt to prevent growth of cancer 

cells, either by killing the cells or by inhibition of their dividing 
mechanisms [21]. When chemotherapy is taken by mouth or injected 
into a vein or muscle, the drugs enter the bloodstream and can reach 
cancer cells at all potential metastatic sites (systemic chemotherapy). 
The reservoir for many of the circulating cells has been proven to be 
bone marrow. Should there be any locally traumatic site releasing 
transforming growth factor Beta or other tumor cell stimulant, 
then cells can leave the marrow to migrate to the site of maximum 
inflammation.

Targeted therapy
Targeted therapy is a type of treatment that uses drugs or other 

substances to identify and attack specific cancer cells without harming 
normal cells. Tyrosine kinase inhibitors (TKIs) are targeted therapy 
drugs that block signals needed for tumors to grow. Erlotinib is a type 
of TKI used to treat pancreatic cancer.

Biologic therapy is a form of treatment that uses the patient’s 
immune system to fight cancer. Substances made by the body or made 
in a laboratory are used to boost, direct, or restore the body’s natural 
defenses against cancer. This type of cancer treatment is also called 
biotherapy or immunotherapy. In order to be effective the approach 
must target a molecule expressed in the tumor that is immunogenic 
and specifically characterizes that malignancy and not normal tissue 
from which the tumor has been derived (Figure 4).

Patients can enter most clinical trials before, during, or after 
starting their initial cancer treatment. At Precision Biologics we 
are working with monoclonal antibodies that target and destroy 
the cancer cell via ADCC [22]. These antibodies were originally 
developed to target the Holllinshead TAA preparation consisting 
of pooled allogeneic membrane protein. The initial intent for 
producing these monoclonals was to use them in the process of 
purifying antigen for eventual sequencing with the goal of developing 
a recombinant vaccine product. The material derived from pooled 
human tumor specimens was fractioned on a Sephadex column. And 
then further purified by isoelectric focusing to obtain a single band 
of approximately 600 kd. A Western blot of the antigenic material 
indicates that the MUC5ac (NPC-1) antigen component roughly 
measured 600kd in size.

The single band when further characterized by HPLC (Figure 5) 
was found to represent several proteins migrating to the area where 
several proteins of similar charge were noted. Three specific oncofetal 
proteins were defined and found to be present in both colon and 
pancreatic carcinoma singly and in different combinations. No cross 
reactivity to normal tissue was noted. This was important since in an 
attempt to use the immunogens for immunotherapy in the form of 
a vaccine in the original vaccine trial during performed during the 
1980’s, oil based adjuvant was needed to prevent rapid loss of antigen 
at the immunization site.

Figure 4: Gel fractionation defining the antigen as one with an MW of approx 
600kd.
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When the original colon and pancreatic cancer vaccines were first 
delivered to patients it was noted that the antigen dissapated from 
the inoculation site within hrs of administration. It was decided that 
a solubilized antigen preparation was disseminated too quickly for 
proper processing and needed the addition of an oil based adjuvant 
to contain the vaccine at the site of inoculation. Of the adjuvants 
examined, complete Freund’s adjuvant was felt to offer the best 
possibility for helping to stimulate an effective immune response. 
Since normal tissue homogenized with Freund’s adjuvant will destroy 
the normal organs from which the tissue was derived, FDA felt that 
if the pancreas TAA supposedly specific to the tumor also had cross 
reactivity to normal tissue, severe immune complications could occur. 
When finally approved, no incidence of inflammation of normal 
tissue was seen. There were no cases of induced colitis with diarrhea, 
pneumonia or pancreatitis when patients received the corresponding 
vaccine containing complete Freund’s adjuvant.

The initial clinical trials were initiated with the Hollinshead 
vaccines in the mid 1970’s and 80’s. While relatively pure and free of 
bacterial and viral contamination, they were produced in the research 
lab at George Washington University, without requirement of GMP 
production. Based on favorable clinical results after 7 years of use in 
patients, FDA was approached to allow scale up of the vaccine for 
approval for commercialization The application for using a pooled 
allogeneic preparation was rejected because of the recent recognition 
in the late 1980’s of HIV, HPV, Hepatitis C and other viral pathogens 
that could be incorporated into a vaccine produced from pooled 
allogeneic operative tumor specimens. Rather, it was requested that 
we develop a recombinant vaccines for patients use.

It was apparent following the FDA meeting that we needed 
to further purify the partially purified vaccine material to allow 
sequencing to occur. Monoclonal antibodies as such, were produced 
(Figure 6) at which time 3 discrete antibody groups were noted each 
demonstrating activity against the Hollinshead antigen used in the 
hybridoma production. The mAbs corresponded to what we had 

noted on HPLC of the antigenic vaccines being employed each peak 
could be matched with a corresponding monoclonal antibody that we 
had produced.

Almost simultaneously we analyzed the results of the initial 
vaccine trials which revealed between an 80 and 90% freedom of 
disease at 7 years. The failure of the 10-20% of patients to remain free 
of disease appeared to be related, not to an absence of an effective 
cytotoxic T cell response but rather to the failure of those patients 
to produce an effective IgG1. Since we had already produced the 
needed mAbs for evaluation of the tumor immunogen, (Figure 7) 
animal studies were performed with transplanted human colon and 
pancreas cancer in nude mice. In those animals reaching near end 
stage disease, 400 ugm of monoclonal antibody resulted in an almost 
total elimination of tumor by 2wks post peritoneal infusion of the 
monoclonal antibody [23].

After extensive studies related to one of our monoclonals NPC-
1, as a therapeutic agent targeting MUC5ac expressed in metastatic 
pancreatic cancer, an IND was submitted to the FDA for treatment 
of patients with metastatic pancreas cancer having failed all forms of 
chemotherapy. In particular those patients who we planned to enter 
into the clinical study would represent those showing progression 
of disease and where chemo drugs such as Gemzar and Abraxane 
combinations had failed. Such patients had no more than several weeks 

Figure 5: HPLC of single band protein indicating several immunogenic bands.

Figure 6: Development of Immunogenic proteins used for mAb production 
capable of diagnosis and therapy with no cross reactivity to normal tissue.

Figure 7: Effect on pancreatic tumor transplants using colon/pancreas mAb 
neo 102.
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of anticipated survival. When Abraxane was added to those patients 
having failed standard Gemcitabine, this latter additional form of 
therapy added about 7 wks toward prolongation of their survival. 
Those chosen to receive therapeutic antibody treatment were chosen 
based on high levels of tumor antigen targeted by the antibody. The 
trial was designed to evaluate how this form of immunotherapy could 
enhance or prolong survival among this group of patients with the 
situation such that we had already produced monoclonal antibodies 
against the target protein for purification purposes we were able to 
initiate further animal studies with the mAbs (Figure 8 and 9) to 
confirm their antitumor activity. In vivo models were designed using 

Figure 8: Addition of non specific IgG with effector cells on tumor growth.

Figure 9: The effect of specific mAb targeting Muc5ac given with effector 
cells. A marked reduction in tumor growth seen.

pancreatic tumor transplants in animals to define the efficacy of an 
IgG response. 

We were able to convince FDA at this point that we should 
consider use of our monoclonals as possible therapeutic agents for 
the treatment of advanced pancreatic cancer and that an IND would 
be filed. Phase I trials were begun with a GMP product. By choosing 
patients having failed all therapeutic modalities it was essential to 
obtain a rapid antitumor response which could only be accomplished 
with IV monoclonals that target the tumor immunogen rather than 
use of a vaccine which takes about 4 months to achieve proper serum 
titers of the antibody. For patients undergoing a Whipple procedure, 
post op vaccine therapy would of course be more effective and is 
presently in the planning stages.

The response to IV monoclonal therapy appeared far better than 
anticipated using terminal patients with a naked antibody alone. 40 
patients have been entered into the ongoing trial and the data slowly 
collected. There is evidence of an effective response where survival 
to date has improve significantly by at least 150% or more. The data 
is being analyzed as more patients are being entered into phase II. 
Essentially no toxicity has been noted. Discussions are ongoing to 
begin a randomized trial with chemo vs. immunochemo in patients 
with earlier signs of recurrent disease such that if patients have failed 
FOLFIERI then they will be randomized to Gemzar Abraxane vs. 
Chemo Immunotherapy. The purpose of the chemo in the latter arm 
is to minimize the shedding of inhibitory material which can then 
impede the effect of ADCC.

Considering that the sequence of one of our tumor associated 
antigens can be provided for constructing a proper vaccine to be 
employed in the adjuvant setting, this type of molecule would 
probably be non functional since the structure would be produced 
in a linear format. Such molecules require proper folding at the 
endoplasmic reticulum and as such not achievable. We have however, 
used phage display and have found that our antibody binds to a 12 
mer peptide. This type of peptide vaccine has been produced, tested 
and found functional. In the near future we will be delivering post 
op vaccine following Whipple pancreatectomy to reduce if not 
eliminates the high recurrence seen following this type of surgery. 

Figure 10: The antigen expressed in the primary tumor does not mutate 
so that the same antigen is present in the metastatic lesion to define that 
monoclonal that can be used for treatment.
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This type of vaccine may be also being developed as a variation in the 
MAP peptide format. 

When the monoclonal targets the malignant disease process it 
essentially defines the immunogenic protein expressed exclusively 
within the tumor cell and does not effect adjacent normal tissue 
compared with those mAbs targeting growth factors the incidence of 
normal tissue toxicity if negligible or nonexistent (Figure 10).

With the clinical data that we have initially obtained showing a 
significant improvement in survival of metastatic pancreatic cancer 
having failed all forms of therapy including Gemzar and Abraxane, 
our products should eventually demonstrate further improvement in 
survival as we enter Phase III. Overall enhancement will eventually 
be obtained using IL-15 to increase the ADCC effect and the eventual 
addition of a radiolabelled alpha emitter in the later stages of the 
clinical protocol.
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