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Although pancreatic cancer is but the eleventh most
prevalent cancer in the US, it is predicted that of all the
patients newly diagnosed with this disease in 2014, only 27%
will still be alive at the end of the first year and only 6% will
make it past 5 years. The choice of chemotherapy in the
treatment of pancreatic cancer is dependent on disease stage
and patient performance status but, in general, the most
widely used approved regimens include 5-fluorouracil (5-FU)
combinations and gemcitabine combinations. Recent
therapeutic strategies have resulted in an improvement in
survival of patients with pancreatic cancer but the magnitude
of change is disappointing and vast improvements are still
needed. The goal of immunotherapy is to enhance and guide
the body’s immune system to recognize tumor-specific
antigens and mount an attack against the disease. Among
newer immune therapies, GI-4000 consists of 4 different
targeted molecular immunogens, each containing a different
Ras protein (antigen) encoded by the most commonly found
mutant RAS genes in solid tumors—RAS mutations exist in
over 90% of pancreatic ductal adenocarcinomas. We will
review pancreatic cancer epidemiology and its current
treatment options, and consider the prospects of
immunotherapy, focusing on GI-4000. We discuss the
potential mechanism of action of GI-4000, and the
performance of this vaccination series thus far in early phase
clinical trials.

Pancreatic Cancer – Surgery, Chemotherapy,
and Radiotherapy

In general usage, the term “pancreatic cancer” refers to pancre-
atic adenocarcinoma, which arises from the exocrine portion of
the pancreas. It is currently estimated to be the eleventh most
common cancer diagnosed in the US but the fourth leading cause
of death.1 Thus, it is approximated that 46,420 patients will have
been diagnosed with pancreatic cancer in the United States by
the end of 2014, and that the majority of these will sooner or
later die from their disease.1

Traditional TNM staging is used for pancreatic cancer but in
the clinic, for practical purposes, patients are divided into 3
groups according to their tumor’s operability: surgically resect-
able tumor, locally advanced unresectable disease, and metastatic
cancer. Surgery remains the only known curative approach but

unfortunately, few patients present with local disease and have a
surgical option.

In studies carried out by Cameron (2006) and Geer (1993), it
was observed that patients with operable pancreatic cancer but
with lymph-node involvement had a 5-year survival rate of 10%
following surgery, whereas those without lymph-node involve-
ment had a 25–30% 5-year survival rate.2,3 Due to an observed
survival advantage, it is now an established standard to treat
patients with post-operative chemotherapy including either gem-
citabine or 5-FU. In a study by Lim et al, 2003, survival rates
were found to be significantly higher in patients receiving adju-
vant chemotherapy compared with those who had no chemother-
apy after surgery; 3 year survival rates were 45% (adjuvant
chemotherapy) versus 30% (no chemotherapy).4 Two meta-
analyses support these findings and show statistically significant
improvement in survival benefit with adjuvant chemotherapy.5,6

Locally advanced unresectable cancer is treated with either
chemotherapy or chemoradiation, although the role of radiation
is more controversial. Treatment choices are often dependent on
a patient’s performance status and symptoms at presentation.

Krzyzanowska et al. (2003) used the Surveillance, Epidemiol-
ogy, and End Results (SEER)-Medicare linked database to carry
out a retrospective study in 1,696 patients diagnosed with locally
advanced pancreatic cancer between 1991 and 1996. The investi-
gators calculated the median survival (adjusted for age, sex, and
comorbidity) of patients who had received a range of different
standard treatments. Thus, patients who received no
therapy, chemotherapy alone, radiation therapy alone, or chemo-
radiotherapy (chemotherapy plus radiation therapy) were calcu-
lated to have median survival times of 15, 27, 29, and 47 weeks,
respectively, thereby suggesting that chemoradiotherapy provides
the highest survival benefit.7

Metastatic disease is typically treated with chemotherapy. The
evolution of systemic treatment has resulted in some survival
advantage for patients. Originally, treatment was limited to single
agent therapies including 5-FU and gemcitabine, and for more
than a decade, no real advances were made despite significant
effort. One promising trial added erlotinib (an EGFR targeted
agent) to gemcitabine but the end result was only a very small
survival advantage compared with single agent gemcitabine ther-
apy.8 In the past few years, 2 combination strategies emerged
both with more significant survival advantages. Then, in 2011,
FOLFIRINOX (a 3 drug regimen of 5-FU, oxaliplatin and irino-
tecan) was tested in the ACCORD 11 trial,9 and was shown to
increase survival compared with gemcitabine alone (11.1 months
vs. 6.8 months). As might be expected, FOLFIRINOX treat-
ment-related toxicities were markedly greater than those related
to single agent gemcitabine therapy.9
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A recent Phase III clinical trial carried out by Von Hoff et al
(2013-2014) brought forward another gemcitabine-based treat-
ment option to the table for patients with metastatic pancreatic
cancer.10,11 In this study—the MPACT study—patients with met-
astatic pancreatic cancer for which they had received no prior che-
motherapy were randomly assigned to receive either a
combination of nab-paclitaxel (paclitaxel protein-bound particles)
C gemcitabine or gemcitabine treatment alone. Initially, it was
hypothesized that the albumin bound formulation would increase
the cancer targeting based on SPARC expression, but this theory
has not held up in further studies. A total of 861 patients with
pancreatic cancer were randomly assigned to nab-paclitaxel C
gemcitabine or gemcitabine alone. The median overall and pro-
gression-free survivals were 8.5 months and 5.5 months, respec-
tively, in the nab-paclitaxel C gemcitabine arm and 6.7 months
and 3.7 months in the gemcitabine-only arm. The differences in
survival measures between the 2 treatment arms were statistically
significant. At one year, the overall survival rate was 35% in the
nab-paclitaxel C gemcitabine arm, and 22% in the gemcitabine
arm. This was reduced to 9% and 4% at 2 years. The most com-
mon adverse events in both groups of grade 3 or higher disease
were neutropenia, fatigue, and neuropathy. It was concluded that
in patients with metastatic pancreatic adenocarcinoma, nab-pacli-
taxel C gemcitabine significantly improved survival compared
with gemcitabine alone. However, rates of peripheral neuropathy
and myelosuppression were increased and some have countered
that the increase in side-effects as well as cost of treatment negated
the improvement in survival.12 However, due to the lack of treat-
ment options available to patients with metastatic pancreatic can-
cer and the lethality of disease, on September 6, 2013, the Food
and Drug Administration (FDA) approved paclitaxel protein-
bound particles (albumin-bound—Abraxane!; nab-paclitaxel) in
combination with gemcitabine for the first-line treatment of
patients with metastatic adenocarcinoma of the pancreas.13 An
updated survival analysis showed that the significant difference in
overall survival of patients on the Abraxane! C gemcitabine arm
of the study compared to the gemcitabine alone arm has been sus-
tained for 3 years.11 These data confirm and expand upon the ini-
tial 2013 report10 and support the greater efficacy of the
combination treatment. It was concluded that these results should
“encourage efforts to build upon this well tolerated backbone to
further extend survival.”11

Despite the gains from FOLFIRINOX and Gemcitabine/nab-
paclitaxel combination treatment there is a clear, urgent unmet
need for additional effective treatments for pancreatic cancer.

Pancreatic Cancer – Novel Treatment Approaches

Several novel approaches to the treatment of cancer have
emerged; focused on signal transduction, angiogenesis and
immune therapy (immunotherapy). Immunotherapy is the least
mature of the group but has enjoyed a recent explosion of success
in cancers such as melanoma and kidney cancer. The basic con-
cept is to help the body’s innate immune system recognize
tumor-specific antigens and mount an attack against the disease.

In the past decade, several novel immune therapy
approaches have been tested in human trials. Agents such as
IL-2 and interferon-a were tested as non-specific enhancers
of the immune response but these were effective only in renal
cancers and melanomas.14-16 A second approach involves
direction of the immune system to recognize a specific anti-
gen that is particular to the cancer of interest, and by
“immunizing” the patient, antigen specific responses may be
generated, resulting in a cytotoxic T cell response.17 As an
example of this, we and others performed a series of clinical
trials testing CEA targeted vaccines, which demonstrated sig-
nificant CEA-specific T cell responses in many patients, clini-
cal benefit in some patients, and a very good safety
profile.18,19 Unfortunately, a phase III randomized trial of a
CEA-targeted vaccine in second line pancreatic cancer failed
to show any benefit.20,21

More recently, checkpoint inhibitors have emerged as thera-
pies with increased impact in certain cancers and are being rap-
idly developed and approved for use in melanoma22 and renal
cancer,23-25 as well as being tested in other cancers, including
those of the GI tract.

In this review, we are focused on GI-4000, a vaccine consist-
ing of targeted molecular immunogens that contain a modified
human Ras protein. GI-4000 is designed to target specific RAS
mutations commonly found in pancreatic cancer.

KRAS Oncogene and Pancreatic Cancer
Development

Oncogenes are modified, or mutated, genes that have the
potential to cause cancer by coding for aberrant proteins.
Humans have 3 different RAS genes: HRAS, KRAS and NRAS,
and mutations in these genes are commonly found in many dif-
ferent cancers. The KRAS gene encodes the human K-ras protein.
Of all cancer-related mutations in the RAS gene family, 85% are
the result of KRAS gene mutations, 12% are the result of muta-
tions in the NRAS gene, and only 3% are the result of mutations
in HRAS.26

In pancreatic cancers, KRAS mutations account for over 90%
of RAS gene mutations26-28 and this gene is thus the focus of a
number of possible pancreatic cancer treatments.

The protein product of the normal KRAS gene is K-ras, a small
membrane-bound GTPase. Circulating growth factors activate
extracellular EGFR, which then acts down-stream to activate K-
ras’ GTPase activity.29 K-ras behaves as a “molecular on/off
switch.”30 In its active state, it binds to GTP and catalyzes the
cleavage of the terminal phosphate from the GTP molecule, con-
verting it to GDP, at which point K-ras is switched off. Guanine
nucleotide exchange factors (RasGEFs) and GTPase activating
proteins (RasGAPs) facilitate the conversion from GTP to GDP
and back again.26,31

Abnormal K-ras (the protein product of a mutated KRAS
gene) becomes locked into the GTP bound “on” position and is
thus persistently active; in this state, cell proliferation and survival
become independent of EGFR signaling.32
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The Ras protein binds to the surface receptors of cells, leading
to protein phosphorylation and activation of signal transduction
pathways that are linked to growth and development. Ras-signal-
ing occurs through both the mitogen activated protein kinase cas-
cade pathway (MAP) and the PI3K/AKT (AKT) pathway.28,33

Activation of the MAP pathway promotes transcription of genes
involved in cellular growth and determination of a cell’s inherit-
able functionality and fate. Activation of the AKT pathway inhib-
its apoptosis.

The majority of KRAS mutations in pancreas tumor cells are
located in codon 12,26,34 and although mutations in codon 13
and 61 can also exist, they are much less common. Four different
mutations are observed within the K-ras protein at codon 12,
which result from the following amino acid substitutions: glycine
to valine (G12V), glycine to cysteine (G12C), glycine to aspar-
tate (G12D), and glycine to arginine (G12R).35 These mutations
result in conformational changes that can render the interaction
of K-ras with RasGAPs impossible, thus preventing the return of
K-ras to its inactive state.27 Conformational changes of K-ras
also occur due to codon 13 mutations and the result is the
same—persistent K-ras activation. Codon 61 mutations (of
which 3 are known) lead to an interference of GTP conversion
back to GDP, again resulting in continuous activation of K-ras.
All codon 12 and codon 61 mutations studied thus far are seen as
“non-self.” This makes them ideal targets for immune-directed
therapy.While likely playing a central role in carcinogenesis, it is
unlikely that a single KRAS mutation alone can completely trans-
form normal cells to cancer cells. Thus additional genetic and/or

environmental factors are needed. Molecular profiling has shown
that KRAS mutations are frequently followed by the mutation
and inactivation of tumor suppressor genes such as p53, p16,
and SMAD4. Continuous activation of the K-ras pathway and
inactivation of suppressor genes freely promote cancer cell devel-
opment by encouraging tumor maintenance.26,36-40

Hence, while ras mutations and their corresponding proteins
are known to be causative in a number of human cancers, making
them an obvious target for drug development, targeting RAS
directly using traditional pharmaceutical approaches has been
difficult; efforts to block the mutated protein have been mostly
unsuccessful leading to its characterization as “undruggable.”41

Thus, an immune approach is a highly attractive alternative ther-
apeutic angle to test.

Vaccine Therapy

In general, tumor-vaccine research has to focus on raising a
sufficiently specific host immune response to tumors. This is not
an easy task, partly due to the fact that cancer is predisposed to
protecting itself by immunoevasion, where a dampening of both
T and natural killer (NK) cell responses provide the tumor with a
route of escape from the host’s immune system,42-45 and immu-
noediting, where changes in tumor immunogenicity occur as a
response to a host immune system attack, leading to the emer-
gence of immune-resistant variants.

The immune system is equipped with 2 fundamental modes
of attack: cellular and humoral immunity. While the 2 are com-
plementary, most believe that anti-tumor immunity is predomi-
nantly mediated through the cellular arm. Tumors express novel
proteins and peptide fragments that are “processed” and contex-
tualized in such a way as to either stimulate an immune response
or, in fact, stimulate tolerance. One of the goals of vaccine-based
therapies is to shift this stimulation more toward an immune
response.

In more detail, the recognition of tumor cells by the body’s
immune system begins with the secretion of an antigenic sub-
stance by the tumor cells—termed a tumor antigen— and ideally
this substance is recognized by the body’s immune system. This
antigen is then “consumed” by an antigen-presenting cell (APC),
such as a dendritic cell, which processes the antigen via mem-
brane-bound vesicles, called endosomes.46 These endosomes con-
tain proteolytic enzymes that break down the protein antigen
into individual peptides. These peptides are subsequently associ-
ated with “major histocompatibility complex II proteins”
(MHC-II) within the endosomes, which are then transported to
the cell surface. The dendritic APCs subsequently take the proc-
essed antigens to a draining lymph node and present them to the
lymphocytes therein.47 The MHC-peptide complex can now be
recognized by CD4C helper T-cells. This process activates the
humoral arm of the immune system (an immune response medi-
ated by B-cells), which leads to the formation of antibodies to
the “foreign” antigen. Another major histocompatibility com-
plex, MHC-I, a cell-surface complex, mediates elimination of
malignant cells by interacting with CD8C cytotoxic T-cell
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surfaces (cellular immunity)48 Depending on the presence of
other co-stimulatory molecules, the peptide/MHC presentation
between the APC and the T-cell can generate either a cytotoxic
T-cell response or tolerance. Vaccines such as GI-4000 are engi-
neered to actuate the desired cytotoxic response through stimula-
tion of co-stimulatory molecules and “danger” signals.

Vaccine Therapy in Pancreatic Cancer

Mutated KRAS appears to play a role in the ability of
tumors to evade the body’s immune response. Mice endoge-
nously expressing a single mutated KRAS allele in progenitor
cells of the pancreas were studied and the presence of
mutated KRAS was shown to create an immunosuppressive
environment comprising B-cell entities—macrophages, mye-
loid-derived suppressor cells and T-regulator cells—while
effector T-cells (CD8 and others) seemed to be practically
nonexistent.49-52 It turns out that this immunosuppressive
environment is uniquely useful for tumor angiogenesis,
growth and invasion but the absence of prior T-cell selection
is useful regarding possible anti-tumor immunotherapeutic
strategies in the form of vaccinations.50,51

Pancreatic cancer seems to be a good candidate for immune
therapy, especially as the majority (88%) of patient pancreatic
cancers express mutated KRAS—53 out of 63 (84%),54 28 out
of 30 (93%)55 and 286 of 325 (88%) [unpublished data,
2014]—as well as other potentially useful immune therapy tar-
gets such as mucin1 (MUC1; over 85%), survivin (approx.
77%), CEA (over 90%), and others such as p53 and human telo-
merase reverse transcriptase (hTRT). 56 Immune suppressive

molecules such as VEGF, PD-L1 and a range of cytokines (e.g.,
TGF-b, IL-10, and IL-6) also play a role in pancreatic cancer
growth and survival.57

Although the factors listed above are, and have been, very
worthy of consideration, they also present several challenges
as they are non-specific to pancreatic cancer. When it comes
to vaccine development, tumor cell specificity of antigenic
markers is of high importance if one is to avoid the attack of
normal cells and increase the risk of autoimmunity or other
side effects.

Vaccines such as GI-4000 are engineered to stimulate the
cytotoxic response through stimulation of co-stimulatory mole-
cules and “danger” signals. GI-4000 consists of tarmogens (tar-
geted molecular immunogens), which are intact, heat-inactivated
yeast (Saccharomyces cerevisiae) containing a modified human Ras
protein (a target protein).58 These Ras proteins are modified
according to the mutated RAS gene encoding them and are repre-
sentative of known sequenced tumor mutations (it should be
remembered that KRAS mutations account for the vast majority
of RAS mutations in pancreatic cancer). GI-4000 is made up of 4
different tarmogens: GI-4014, GI-4015, GI-4016, and GI-4020
and each tarmogen expresses a different combination of 3 of the
7 most common RAS mutations found in tumors [Fig. 1].59 A
patient’s RAS-mutated tumor is sequenced to identify its specific
RAS mutation and then a tarmogen with the same RAS mutation
is selected for treatment of that patient. Upon systemic introduc-
tion of the tarmogen, it is taken up by an APC, processed, and
then presented by both MHC-I and MHC-II. Both CD4C
helper T-cells and CD8C killer T-cells are activated upon suc-
cessful presentation of the modified Ras protein. This stimulates
the immune system to target the modified Ras protein, which is

considered alien to the human body. It is
then intended that a specific immune
response be raised against cells contain-
ing this abnormal protein without lead-
ing to the death of healthy cells; this
reduces the possibility of any treatment-
related side effects.48 Indeed, GI-4000
has been well tolerated without any sig-
nificant adverse findings.60

A phase 1 clinical trial assessed the
effect of GI-4000 treatment in patients
with advanced pancreatic and colorectal
cancer. All patients had previously failed
first-line chemotherapy. The tumors
were first sampled and sequenced for
mutations in KRAS, HRAS, and NRAS
genes. If a target mutation was detected,
the patient received 5 subcutaneous
weekly doses of the tarmogen that con-
tained the same mutation. Out of 32
patients, only 9 had tumors that har-
bored RAS mutations and 7 of these
mutations were contained in the 3 avail-
able tarmogens. Six patients were
treated—3 with a low dose—and cellular

Figure 1. GI-4000 Series: Four different strains: GI-4014, -4015, -4016, -4020 of heat-inactivated S. Cer-
evisiae; each express a mutated Ras fusion protein. The mutations of RAS represent the most com-
mon mutations found in solid tumors via genotype analysis. Each strain bares a fusion protein that is
inclusive of 3 different RAS mutation combinations; 2 of the mutations are found on codon 61 and
the other on codon 12. (http://meetinglibrary.asco.org/content/40075?formatD posterImg) – Permis-
sion required
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assay data were available for these low-dose patients: Of these 3
patients, 2 showed mutation-specific T-cell responses (analyzed
using proliferation and cytokine secretion assays).61 Results have
not yet been published but it was observed that GI-4000 was
well tolerated in all patients treated (mild fever and malaise was
observed in one patient) and 72% of subjects had antigen specific
cellular responses. One pancreatic cancer subject with stage 4 dis-
ease survived longer than 2 years and 4 CRC subjects, also with
stage 4 disease, survived 1-3 years. A GI-4000 tarmogen is thus
capable of inducing a specific T-cell response to a mutant-gene
encoded Ras protein and results thus far are promising.

In a Phase II study recently presented at the 2014 AACR-RAS
Oncogene conference,35 176 subjects with Ras mutantC pancre-
atic adenocarcinoma, post-tumor resection, were randomized 1:1
to receive either a combination of GI- 4000 and gemcitabine or
gemcitabine with placebo; patients were stratified by resection
status (R0 [negative resection margins] vs. R1 [microscopic
tumor infiltration at margins—post-operative residual disease]).
They first received 3 weekly priming injections of GI-4000 or
placebo, which were followed by 6 cycles of adjuvant gemcitabine
1000 mg/m2 IV. Monthly GI-4000 or placebo injections were
given to patients during the 2 week holiday between cycles of
gemcitabine, and continued monthly until disease recurrence,
intolerable toxicity or death. Blood taken from patients at suffi-
cient time-points throughout the study was assayed for patient
immune response by interferon-g (IFNg) ELISpot assay. Fre-
quencies of regulatory T-cells (Tregs)—measured at baseline
(pre-priming injections) and then at time-points after GI-4000/
placebo treatment began but before gemcitabine was adminis-
tered—were measured by flow cytometry (n = 76).35

Study result analysis showed that in R1 subjects, GI-4000
treatment led to a significantly greater rate of immune response
to mutated K-Ras than placebo: 7/15 (46.7%) vs. 1/12 (8.3%)

had an IFNg response to their K-Ras codon 12 (G12) mutation
(p D 0.043). However, in contrast, GI-4000 treatment of R0
subjects showed no increase in Ras mutation-specific IFNg
responses compared to placebo: 16/52 (30.8%) vs. 22/50
(44.0%) respectively. However, R0 patients treated with GI-
4000 had naive Tregs (CD4C/CD45RAC/Foxp3low) that were
significantly decreased compared with placebo: 11/42 (26.2%)
vs. 3/34 (8.8%) subjects had a >2-fold decrease in this fraction
(p D 0.048 Fisher’s exact test), suggesting an immunotherapeutic
effect in R0 as well as R1 patients.35

An unexpected finding was that R0 patients with a glycine to
arginine (G12R) K-ras mutation appeared to have a better prog-
nosis overall—with and without GI-4000 treatment—when
compared with all other mutations (median OS D 335 days lon-
ger; Fig. 2).

Median OS was also greatly improved in GI-4000-treated
G12R R0 subjects compared with placebo-treated G12R R0 sub-
jects (median OS D 568 days longer), as was the case for G12R
subjects vs. non-G12R subjects receiving GI-4000 (median OS
was 773 days longer in G12R subjects). When placebo subjects
were taken alone, there was only a 94-day improvement in
median OS for G12R vs. non-G12R subjects.35

These observations suggest that the presence of the Ras G12R
mutation results in a survival advantage for pancreatic cancer
patients, and that treatment with the GI-4000 can further
improve immune response and survival for this subset of patients.
Thus, immune targeting of the activating RAS mutation certainly
seems to be a promising approach to treating RAS mutated can-
cers such as pancreatic cancer.

Taking things a step further, data were recently presented
regarding a proteomic marker that appears to predict response to
GI-4000.41 A novel technique has been developed that allows for
deeper exploration into the proteome. The employment of half a

Figure 2. Overall Survival (OS) of patients with a G12R mutation compared with all other Ras mutations, regardless of treatment.35
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million laser shot Deep MALDI spectra led to the identification
of more than 700 mass spectral features within the proteome.
Multivariate classifiers were created using a subset of these 700
and were filtered for performance and combined using dropout
regularization. A test set was thus developed that could be used
to independently assess individual proteome signatures. The
resulting test (BDX-001) can identify, based on the proteomic
signature, which patients are likely to benefit from the addition
of GI-4000 to gemcitabine (BDX-001(C)) and which are not
likely to benefit (BDX-001(¡)).

Taking pretreatment plasma samples from 90 of the 176
patients in the Coeshott study (2014),35 and using BDX-001 for
stratification, subjects who were BDX-001(C) demonstrated a
499 day advantage in median OS, and a 351 day improvement
in regression-free survival (RFS) when treated with GI-4000/
gemcitabine vs. placebo/gemcitabine. Although sample size was
too small to proclaim statistical significance between test groups,
the test is worthy of further validation in a larger population.
Additionally, it is possible that the test should be performed in
combination with checkpoint inhibitors, for example.41

Over the past 5 years, focus has been on the discovery and
development of product candidates for the treatment of a range
of cancers. GI-4000 itself has been studied in non-small cell lung

cancer and colorectal cancer, as well as pancreatic cancer.62 In
late 2011, the investigation of tarmogens for the treatment of
chronic hepatitis B infection began.63

In overall conclusion, immunotherapy has great promise in
the treatment of pancreatic cancer. GI-4000 for RAS-mutated
pancreatic cancer is proof-of-principle of an approach investigat-
ing immune response to a specific tumor mutation. If this
approach is successful in pancreatic cancer then it should be suc-
cessful in other Ras-mutated tumors. It will be interesting to see
whether future development of GI-4000 and related agents will
result in targeted therapy that can be successfully used in our
smarter war against this lethal cancer.
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