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Abstract

Introduction There is mounting evidence describing
the immunosuppressive role of bulky metastatic disease,
thus countering the therapeutic effects of tumor vaccine.
Therefore, adjuvant immunotherapy may have a better
impact on clinical outcome. In this phase II clinical trial,
we aimed to test the feasibility of using a specific mutant
ras peptide vaccine as an adjuvant immunotherapy in
pancreatic and colorectal cancer patients.

Twelve patients with no evidence
of disease (NED), five pancreatic and seven colorectal
cancer patients were vaccinated subcutaneously with 13-
mer mutant ras peptide, corresponding to their tumor’s ras
mutation. Vaccinations were given every 4 weeks, up to a
total of six vaccines.

Results No serious acute or delayed systemic side effects
were seen. We detected specific immune responses to the
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relevant mutant ras peptide by measuring IFN-gamma
mRNA expression by quantitative real-time PCR. Five out of
eleven patients showed a positive immune response. Fur-
thermore, the five pancreatic cancer patients have shown a
mean disease-free survival (DFS) of 35.2+ months and a
mean overall survival (OS) of 44.44 months. The seven
colorectal cancer patients have shown a mean disease-free
survival (DFS) of 27.24+ months and a mean overall survival
(OS) of 41.54+ months.

Conclusion In this study, we found that it is feasible to
use mutant ras vaccine in the adjuvant setting. This vaccine
is safe, can induce specific immune responses, and it
appears to have a positive outcome in overall survival.
Therefore, we believe that such an approach warrants
further investigation in combination with other therapies.
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Introduction

Ras mutations are prevalent in many types of adenocarci-
nomas including pancreatic (~90%), colorectal (~50%),
lung cancers (~30%), and thyroid cancers (~50%).

Ras is mutated by a single amino acid substitution of
codon 12 in 90% of cases [1-3]. Like most proteins in
nucleated cells, ras is subject to the endogenous pathway of
antigen processing and presentation by both MHC class I
or IT molecules [4, 5]. The products of mutant ras provide a
potential target for cancer immunotherapy due to their
peculiar expression in tumor tissue, as compared to normal
counterpart. This immune susceptibility is furthermore
powered by the ability exerted by T cells to detect single
amino-acid substitution.

In vitro priming of human peripheral blood mononuclear
cells (PBMC) with mutant ras peptides can generate spe-
cific CD4+ or CD8+ T cell responses [6—10]. Furthermore,
some clinical trials have shown that mutant ras peptide
vaccination can generate specific immune response in
cancer patients. The peptides used in these studies spanned
10-17 amino-acids in length and vaccinated patients
developed both CD8 and CD4 responses in the context of
HLA class I (A2, B35) and HLA class II (DR6, DQ2, DP),
respectively [11-15].

In a previous phase I clinical trial, our group showed
that when administered subcutaneously with adjuvant, the
13-mer mutant ras (aa5-17) peptides reflecting the
patients’ mutations, were able to generate CD4+ prolifer-
ative responses to the corresponding peptide but not to the
wild type. CD8+ responses were also found against a
nested HLA-A2 10-mer peptide (aa5—14) in patients who
carried the HLA-A2 allele. A dose up to 5,000 pg was well
tolerated [12]. Patients on the study had advanced diseases.
None of which has demonstrated clinical responses despite
the specific immune responses generated.

No vaccine studies in advanced diseases have yet shown
a positive effect of tumor response or survival benefit. This
may partly due to immunosuppressive effect of tumors [16,
17]. Accordingly, vaccine treatment, when given in the
adjuvant setting, may significantly improve the clinical
outcome [18-20].

Here, in this phase II trial, we tested the mutant ras
peptide immunotherapy in the adjuvant setting in pancre-
atic and colorectal cancer patients. We have chosen the
highest dose administered in our previous phase I to be
given subcutaneously in combination with a lipid-based
adjuvant. We determined the toxicity spectrum of such
peptides given, the immune responses generated, and as a

@ Springer

secondary end point we assessed any tumor response that
may occur with this adjuvant therapy for future explo-
ration.

Patients and methods
Study design

This is a phase II/pilot study to determine the feasibility of
a mutated ras peptide (aa5—17) as adjuvant immunotherapy
in colorectal and pancreatic cancer patients with no evi-
dence of disease (NED).

All patients enrolled in this study had histological
diagnosis of a solid tumor expressing mutant ras. The ras
mutations detected are specific point mutations in codon 12
leading to amino-acids substitution as follows: glycine
(Gly) versus cysteine (Cys), Gly versus aspartic acid (Asp),
or Gly versus valine (Val).

Patients did not receive any chemotherapy, radiation
therapy, immunotherapy or steroids for at least 4 weeks
prior to vaccination. Patients were 18 years and older.
NED was confirmed upon entry to the protocol by radio-
logical testing. All patients had ECOG performance status
of 0-1, were HIV, hepatitis B, C negative and had no
laboratory evidence of organ dysfunction. All patients were
tested for the presence of positive skin reaction against
common antigens in a skin anergy panel (Candida, Mumps,
TB, and Tetanus).

Both the National Cancer institute (NCI) and National
Naval Medical Center (NNMC), Institutional Review
Boards (IRBs), approved the protocol and the patients’
consent was obtained prior to enrollment.

Determining ras mutation

DNA was isolated from tumor tissue preserved in paraffin
blocks. The DNA was PCR amplified by applying a two-
stage procedure. K-ras mutations were determined by Bst
NI digestion [11, 12].

The sequences of the PCR primers were as follows:

5'-ACT-GAA-TAT-AAA-CTT-GTG-GTA-GTT-GGA-
CCT-3' (forward primer for first and second PCR)
5'-TCA-AAG-AAT-GGT-CCT-GCA-CC-3’ (reverse
primer for the first PCR)
5'-TAA-TAT-GCA-TAT-TAA-AAC-AAG-ATT-TAC-
CTC-3' (reverse primer for the second PCR).

The second PCR products were sequenced using the dye
terminator method on the 377-sequencer (Applied Biosys-
tems). The specimens were sequenced with the reverse
primer from the second PCR and with a shortened version
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of the forward primer; 5-ACT-GAA-TAT-AAA-CTT-
GTG-GT-3'.

Vaccination

Patients received 13-mer mutant ras peptide, spanning aa5—
17, corresponding to mutation carried by their tumor
(Multiple Peptide System, CA). The sequences were:

(ras12Cys: KLVVVGACGVGKS; ras12Val: KLVVV
GAVGVGKS:; ras12Asp: KLVVVGADGVGKS).

Lyophilized ras peptide (5,000 pg) was admixed with
1.5 mL DETOX™. DETOX™ is composed of 250 pg cell
wall skeleton of Mycobacterium phlei and 25 pg mono-
phosphoryl lipid A (MPL) from Salmonella Minnesota
R 595 (Ribi ImmunoChem Research, Inc.Hamilton,
Montana). 0.5 mL of the peptide-DETOX™ was injected
subcutaneously at each of three separate sites (arms, or
thighs). The vaccine was administered every 4 weeks to the
maximum of six vaccinations or until disease progression.

Cell collection and preparation for quantitative
real-time PCR

At least 5 x 10° PBMCs were collected prior to vacci-
nation and after each vaccination. Ficoll-Hypaque density
gradient centrifugation was performed (Lymphocyte
Separation Medium; Organon-Teknika, Durham, NC) to
isolate  PBMCs from heparinized blood. Cells were
cryopreserved until use. When needed, PBMCs were
thawed simultaneously with similar recovery conditions,
washed and 1 x 10° mL™" were plated in a 96 U-Bottom
well plate with 200 pL. RPMI complete media [with
5% heat inactivated human albumin (Gemini Bio-Prod-
ucts), 1% MEM sodium pyruvate (Gibco)]. Cells were
incubated overnight at 37°C (humidity 90%, CO, 5%) to
minimize background expression of IFN-y mRNA due to
cell manipulation. PBMCs were then stimulated with
different peptides at a final concentration of 5 pg/mL and
incubated at 37°C for 3 h. Cells were harvested and total
RNA was immediately extracted using RNeasy Mini
Kit (Qiagen, USA). Accurately, 5 nug of total RNA
was reverse transcribed into c-DNA using the Super-
Script  First-Strand  Synthesis System for RT-PCR
(Invitrogen).

Quantitative real-time PCR

We used an ABI prism 7900 sequence detection system
(Perkin-Elmer, Foster City, CA, USA) to measure the IFN-
7 gene expression (gene of interest). Primers and TagMan
probes (Perkin-Elmer) were designed to span exon—intron
junctions to prevent amplification of genomic DNA and to

produce amplicons <150 bp in length, thus enhancing the
efficiency of PCR amplification [21].

A reporter dye molecule FAM (6-carboxyfluorecein;
emission A max = 518 nm) was used to label the TagMan
probes at the 5-end and the 3’-end was labeled with the
quencher dye molecule TAMRA (6-carboxytetramethyl-
rhodamine; emission A max = 582 nm).

We used IFN-gamma as reference gene and b-actin as
housekeeping gene. The sequences for primers and probes
used in the real-time PCR are as follows:

b-Actin FWD 5'-GGCACCCAGCACAATGAAG-3'

REV 5-GCCGATCCACACGGAGTACT-3’

Probe 5'-TCAAGATCATTGCTCCTCCTGAGCGC-3'
IFN-y FWD 5-AGCTCTGCATCGTTTTGGGTT-3'

REV 5-GTTCCATTATCCGCTACATCTGAA-3'
Probe 5'-TCTTGGCTGTTACTGCCAGGACCCA-3’

For the standard curve, we generated cDNA by reverse
transcriptase using the same technique that we used for the
preparation of test cDNA. c-DNA for IFN-y and b-actin
genes were amplified by the means of regular PCR using
the same primers designed for the TagMan. After that, the
amplified c-DNA was purified and quantitated by spec-
trophotometry (OD260). We used the molecular weight of
each gene amplicon to calculate the number of c-DNA
copies and serial dilutions of the amplified gene at known
concentration were done and tested by quantitative real-
time PCR (q-rt PCR).

The final TagMan reactions for the standard curve c-
DNA and for the test samples c-DNA were conducted
using 2 pL. c-DNA in 50 pL total volume mixture with
primers and probes at optimized concentration (400 and
200 nM, respectively) and 1x TagMan Master Mix (Per-
kin-Elmer). Thermal cycler parameters were 2 min at
50°C, 10 min at 95°C and 40 cycles involving denaturation
at 95°C for 15 s and annealing/extension at 60°C. All the
assays were performed in duplicate and reported as the
average.

Statistical analysis

Survival data analyses were performed using the Kaplan—
Meier methods and P values were assessed using the exact
long-rank test. The confidence intervals for survival prob-
abilities are estimated by the Rothman method [22].

We consider the fold change of specific immune
responses from pre-vaccination to post-vaccination as
indication for vaccine efficacy. Fold change of IFN-y was
calculated by using the ratio of absolute copies number of
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IFN-y obtained by stimulation with mutant ras peptides,
relative to absolute copies number of IFN-y obtained wild
type ras peptides stimulation. (IFN-y copies number were
normalized with b-actin copies number with the same
stimulant.)

Relative ratio = (Mutant/bact)/(wild type/bact)

Relative ratio obtained from post-vaccination

Fold change=

Two-fold or more increase at any time point post-vacci-
nation in comparison to pre-vaccination was considered a
positive immune response.

Results
Patient profiles

Twelve patients were enrolled in this study. The age of
patients ranged between 38 and 71. Five patients had
pancreatic cancer and seven had colorectal cancer. Two
patients carried the ras-12Val mutation (patients 7, 10),
while the remaining patients carried the ras-12Asp muta-
tion in their tumors. HLA types varied among patients.
All patients were (NED) at the time of enrollment with
varying disease stages at diagnosis. Four of the seven
colorectal cancer patients (patients 4, 8, 11, and 12) had
stage III at diagnosis, underwent hemicolectomy, and
received S-fluorouracil/leucovorin as adjuvant therapy. The

Relative ratio obtained from pre-vaccination

remaining three colorectal cancer patients (patients 1, 2,
and 9) had stage IV at diagnosis, and received 5-fluoro-
uracil/leucovorin (patient 2), or hemicolectomy plus
standard 5-fluorouracil/leucovorin as adjuvant therapy
(patient 1) or the same protocol followed by lymph node
metastectomy and radiotherapy (patient 9).

Four of the five pancreatic cancer patients, (patients 3,
5, 6, and 7) had stage III at diagnosis while patient 10 had
stage II. The pancreatic cancer patients were previously
treated with surgery alone (patients 5, and 10) or in com-
bination with radiochemotherapy (patients 3, 6, and 7)
(Table 1).

All patients showed a positive response to at least one of
the antigens used in the anergy skin test as a crude measure
of cellular immune competency. CD4 counts at entrance to
the trial ranged between 90 and 1,228, CD8 counts were
between 47 and 450.

Mutant ras peptides: vaccination generated specific
immune response

Out of the 12 patients enrolled in the trial; we were able to
measure the immune responses in 11 patients. Patient 1
received only two cycles after which he developed partial
blockage in the small intestine and was taken off study.
We tested the immunological response by g-rt PCR in
all the 11 patients who completed a minimum of three
vaccinations. Standard curves obtained for both the refer-
ence gene IFN-y and housekeeping gene b-actin, showed a
PCR amplification efficiency >90% as determined by the

Table 1 Demographic data, clinical characteristics and previous treatments the patients received before vaccination

Patient Age/sex  Cancer Stage Ras Prior treatment Time from prior Tx to
type mutation vaccine (months)
1 50/M Colorectal IV Asp Hemicolectomy, 5-FU/LV for 6 months, followed by resection of 10
abdominal wall mass
2 57/F Colorectal IV Asp 5-FU/LV for 12 months 5
3 49/M Pancreas  III Asp Whipple, XRT for 1 month, 5-FU/LV for 6 months 12
4 64/M Colorectal 1IT Asp Left hemicolectomy, 5-FU/LV for 6 months 8
5 71/F Pancreas Il Asp Partial pancreatectomy 6
6 68/F Pancreas  III Asp Whipple with IORT, concurrent XRT/5-FU for 5 weeks, gemcitabine 5
for 6 months
7 49/M Pancreas 1II Val Whipple, 5-FU for 1 month, then concurrent XRT/5-FU for 1 month, 4
then 5-FU for 3 months
8 56/F Colorectal III Asp Hemicolectomy, 5-FU/LV for 6 months 5
38/M Colorectal IV Asp Right hemicolectomy, camptosar/5-FU/LV for 6 months, cervical 1.5
lymph node metastectomy, cervical XRT
10 67/M Pancreas 1I Val Whipple 1.5
11 57/F Colorectal III Asp Hemicolectomy, 5-FU/LV for 6 months 10
12 43/F Colorectal III Asp Segmental resection of the transverse colon, 5-FU/LV for 6 months 2

M male, F female, Asp patient has the ras mutation in codon 12 Gly to Asp, Val patient has the ras mutation in codon 12 Gly to Va, 5-FU
5-fluorouracil, LV leucovorin, XRT radiotherapy, /ORT intraoperative radiotherapy
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slope, and the linear regression analysis showed that r* for
all standard curves was >0.99.

We measured the expression of IFN-y by detecting the
number of mRNA copies isolated from specimens harvested
after 3 or 6 h of stimulation with peptides. Due to the fact
that IFN-y m-RNA copy numbers did not differ significantly
between the two time points analyzed, the 3-h stimulation
was used for the rest of the samples and this result correlates
with what was previously reported [23, 24].

Furthermore, a peptide dose titration was performed to
obtain the optimum peptide concentration to use for stim-
ulation. We found an increase of IFN-y mRNA copies
when using 5 or 10 pg of the peptide compared to 0.5 or
1 pg; thus, the peptide concentration used was 5 pug.

For the 11 patients, PBMCs were stimulated ex vivo
with their specific 13-mer mutant ras peptide (ras12Asp/
ras12Val), the wild type 13-mer ras peptide (WT, ras12Gly
KLVVVGAGGVGKS) or incubated without peptide. Anti-
CD3 Ab stimulation was used as a positive control to detect
viability and reactivity of the PBMCs. Out of the 11
patients tested (patients 2, 4, 6, 7, and 10) five showed a
twofold or more increase in IFN-y copy numbers accu-
mulation in PBMCs collected post-vaccination when
stimulated with the corresponding mutant ras peptide in
comparison to PBMCs collected pre-vaccination (Fig. 1)

In our previous study, we have shown that HLA-A2
patients can generate CD8+ immune response against a
nested 10-mer mutant ras peptide (aa5-14) [12]. Here, we
have attempted to re-duplicate that observation. Accord-
ingly, we tested PBMCs from one of the HLA-A2 patients
(patient 6), who carries the Asp mutation, against the
nested HLA-A2 10-mer spanning amino acids 5-14 (ras-
12Asp KLVVVGADGYV) mutant ras peptide and the 10-

mer WT (ras-12Gly KLVVVGAGGYV). We found that, by
stimulation of PBMCs ex vivo with the 10-mer corre-
sponding peptide, we can detect an increase of 3.8-folds in
IFN-y mRNA copies after three vaccinations (Data not
shown).

Side effects

The vaccine was well tolerated among patients; no serious
systemic side effects were observed nor have delayed
toxicities occurred. We observed Grade I or II injection site
reaction in seven patients, which was consistent with the
local reactions seen in DETOX™ adjuvant, alone. Also
Grade I or II fever was reported in two patients. Three
patients developed mild fatigue and one patient had a grade
II rash. Other sporadic side effects including diarrhea,
constipation, abdominal discomfort, and myalgia were
observed (Table 2).

Clinical outcome

Of the 11 evaluable patients, 9 completed six vaccinations.
Patient 3 completed three cycles of vaccination and was
taken off study because of progressive disease in the form
of lung relapse. Patient 9 went off study after three cycles
of vaccination due to progressive primary disease. Of nine
patients who completed all six vaccinations, seven patients
remained NED, patients 4, 6, 7, 8, 10, 11, 12 for 73+, 64+,
47+, 39+, 36+, 35+, and 35+ months, respectively, from
the date of enrollment (first vaccine administration). Two
patients progressed 6 and 11 months after enrollment;
patient 2 developed liver metastases and patient 5 devel-
oped lung metastases (Table 3).

Fig. 1 Immune response 12+
against the 13-mer
corresponding mutant ras. q r-t

|El Pre Vax B Post 3 Vax

PCR on PBMCs collected 1047
before vaccination (Pre-Vax)
and after three vaccinations

(Post-3Vax). Y axis values P 8T
represent ratio of absolute IFN-y ®
mRNA copy numbers obtained g 5
by mutant ras peptide k
stimulation relative to wild type &

ras peptide stimulation, 4
normalized with b-actin. Plus
symbol indicates twofold
increase or more of IFN-y
mRNA copies post-vaccination

Fold change 425 134

(Post / Pre)

Immune response + =

Pt4  Pt5 Pté6 Pt7 Pt8 Pt9 Pt10 Pt11 Pt12

Patients
183 141 573 2293 138 0.14 231 107 0.38
- = + + - 2 + = =
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Table 2 Side effects seen in patients and its frequencies

Side effect Grade Number of  Frequency of side
patients with effect in total number

side effect of vaccine cycle (%)

Injection site reaction 1 or2 7 25
Fatigue 1 3 13
Diarrhea 1 3 10
Abdominal discomfort 1 3 7
Constipation 1 2 5
Fever lor2 2 5
Myalgia 1 2 3
Rash 2 1 1

The five pancreatic cancer patients have a mean disease
free survival (DFS) of 35.24+ months and a mean overall
survival (OS) of 44.4+ months. The seven colorectal
cancer patients have a mean DFS of 27.2+ months and a
mean OS of 41.5+ months. The median potential follow-
up in this study was 56.3 months. Furthermore, the
estimated DFS probabilities at 5 years were 60% for pan-
creatic cancer patients (95% confidence interval, 23—88%)
and 57% for colorectal cancer patients (95% confidence
interval, 25-84%). The estimated OS probabilities at
5 years were 40% for pancreatic cancer patients (95%
confidence interval, 8—-84%) and 71% for colorectal cancer
patients (95% confidence interval, 36-92%).

Furthermore, we analyzed the effect of the generation of
a positive immune response on the DFS and the OS, Fig. 2
shows Kaplan—Meier estimates for (DFS) for patients with
detected immune response compared to patients with no
immune response detected, we found no statistical differ-
ence between the two groups (P = 0.47). However, when
we compared the effect of the generation of immune
response on the OS, we found that there is a marginal
statistical significance amongst the two groups. Figure 3
shows Kaplan—Meier graph with a P value of 0.043.

Discussion

Most of clinical trials utilizing cancer vaccines have been
conducted in patients with advanced disease. None of these
studies have yet shown any significant tumor response or
survival benefit. Others and we believe that it is difficult for
vaccine treatment, when given alone, to be able to influ-
ence outcome in advanced disease [16, 17]. In contrast,
when given in the adjuvant setting, vaccine may have a
better chance of improving clinical outcome [18-20]. Here,
we aimed to test the feasibility of using mutant ras peptide
as immunotherapy in the adjuvant setting.

In a previous phase I study [12], we treated patients with
advanced disease with up to 5,000 pg of the 13-mer mutant
ras peptide. We generated specific immune responses, and
no short-term toxicities have been observed. Accordingly,
on this study, we enrolled patients who were NED and
treated them subcutaneously with 5,000 pg of mutant ras
peptide mixed with DETOX™ adjuvant. Patients received
up to six cycles of vaccination.

The vaccine was well tolerated and no serious acute side
effects were observed. Being administered in the adjuvant
setting, it provided us the opportunity to follow up patients
for longer time to assess for delayed toxicities which also
were not seen.

Furthermore, we found that specific immune responses
were generated in 45% of patients (5 out of 11 tested).
Carbone et al. also reported specific immune responses in
38% of patients treated with mutant ras peptides (8 out of
21 tested including 3 patients were treated on adjuvant
basis). On that trial, the mutant ras peptides (17aa) were
pulsed on autologous PBMCs and administered intra-
venously [15]. Here, we administered our vaccine
subcutaneously. However, we believe the s.c. route we
used has the advantages of flexibility in adjusting the
peptide dose and ease of preparation compared to pulsed
APCs.

Table 3 Number of

N . Patient Number of vaccinations Immune response DFS 0S Clinical outcome

vaccinations, immune
re.splonses, survival and 1 2 NT 15 13 Progressed
clinical outcome .

2 6 Positive 6 85 Progressed

3 3 Negative 18 55 Progressed

4 6 Positive 73+ 73+ Remained NED

5 6 Negative 11 20 Progressed
DFS disease free survival 6 6 Positive 64+ 64+ Remained NED
(calculated as time from the first 7 6 Positive 47+ 47+ Remained NED
vaccination untibl evidence of I 8 6 Negative 39+ 39+ Remained NED
cancer p rogression). OS.overa 9 3 Negative 4 14 Progressed
survival (calculated as time
from the first vaccination until 10 6 Positive 36+ 36+ Remained NED
death), + patient still alive, 11 6 Negative 35+ 35+ Remained NED
NED no evidence of disease, 12 6 Negative 324 32+  Remained NED

NT not tested
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Fig. 2 Disease free survival. Kaplan—-Meier, estimated DFS of
patients with immune response compared to patients with no immune
response. P values were assessed using the exact long-rank test. DF'S,
disease free survival-—calculated as time from the first vaccination
until evidence of disease progression. Vertical lines indicate the
patient is still alive at last assessment

Overall Survival
100 + + + +
90 -
80 -
70 -
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40 1
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p=0.043*

*long-rank test

(O] (positive immune response)

==== OS (negative immune response)

Fig. 3 Overall survival. Kaplan—-Meier, estimated OS of patients with
immune response compared to patients with no immune response.
P values were assessed using the exact long-rank test. OS, overall
survival—calculated as time from the first vaccination until death.
Vertical lines indicate the patient is still alive at last assessment

In this study, we applied a quantitative real-time PCR
assay to test the immune responses generated against class
IT peptides. We were able to detect an increase in IFN-y
transcript accumulation in T cells obtained after vaccination
with only 3 h of in vitro stimulation. In contrast, in our
previously reported trial and others’, multiple in vitro
stimulations of post-vaccination lymphocytes were required
to be able to detect peptide-specific reactivity [11, 12, 14,
15]. Accordingly, we believe this assay may represent a

more sensitive method to detect the peptide specific
responses and better reflecting the in vivo responsiveness
and the efficacy of the vaccine.

Other groups have used vaccine as adjuvant immuno-
therapy. Gijertsen et al. reported a mean survival of
25.6 months for the ten surgically resected pancreatic
cancer patients they treated with a 17mer mutant ras pep-
tide (aa5-21) intradermaly with GM-CSF [14]. Also, Jaffee
et al. reported a mean DFS of 13 months for patients with
stage II and III surgically resected pancreatic adenocarci-
noma vaccinated with GM-CSF secreting tumor-cell
vaccine [25]. In this study, although evaluation of the
clinical outcome was not a primary objective, we found
that the five pancreatic cancer patients have shown a mean
DFS of 35.24+ months and a mean OS of 44.4+ months.
The seven colorectal cancer patients have shown a mean
DFS of 27.2+ months and a mean OS of 41.5+ months.
Yet, this study is not designed to make a definitive survival
assessment and has small number of patients. And the
patients’ longer survival in this study is only an observation
that worth highlighting. We also found that four patients
(57%) of seven who remain NED generate specific immune
responses against the vaccine; only one patient (25%) from
the four progressors generates specific immune responses
after vaccination. However, this correlation is not statisti-
cally significant.

Furthermore, we looked at the correlation between
survival and the presence of specific immune response
generated after vaccination. We compared DFS and OS in
patients who generated an immune response and patients
with no detected immune response. Although there was a
tendency for DFS to be higher in the positive responders,
the difference in DFS between both groups was found to be
not significant (P = 0.47). In contrast, The OS was found to
be higher in the responders with marginally statistical
significance with a P value of 0.043, which may indicate
better clinical outcomes for responders.

We believe applying the cancer vaccine as adjuvant has a
better chance to generate more adequate and effective
immune response and could have a positive impact on
patients’ survival. Hence, adjuvant immunotherapy war-
rants more exploration in this setting alone and in combi-
nation with chemotherapy.
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