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Abstract A phase 1/2 clinical trial evaluating dosing,
safety, immunogenicity, and overall survival on metastatic
colorectal cancer (mCRC) patients after immunotherapy
with an advanced-generation Ad5 [E1-, E2b-]-CEA(6D) vac-
cine was performed. We report our extended observations on
long-term overall survival and further immune analyses on a
subset of treated patients including assessment of cytolytic
T cell responses, T regulatory (Treg) to T effector (Teff) cell
ratios, flow cytometry on peripheral blood mononuclear cells
(PBMCs), and determination of HLA-A2 status. An overall
survival of 20 % (median survival 11 months) was observed
during long-term follow-up, and no long-term adverse effects
were reported. Cytolytic T cell responses increased after
immunizations, and cell-mediated immune (CMI) responses
were induced whether or not patients were HLA-A2 posi-
tive or AdS immune. PBMC samples from a small subset
of patients were available for follow-up immune analyses.
It was observed that the levels of carcinoembryonic antigen
(CEA)-specific CMI activity decreased from their peak val-
ues during follow-up in five patients analyzed. Preliminary
results revealed that activated CD4+ and CD8+ T cells were
detected in a post-immunization sample exhibiting high CMI
activity. Treg to Teff cell ratios were assessed, and samples
from three of five patients exhibited a decrease in Treg to
Teff cell ratio during the treatment protocol. Based upon the
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favorable safety and immunogenicity data obtained, we plan
to perform an extensive immunologic and survival analysis
on mCRC patients to be enrolled in a randomized/controlled
clinical trial that investigates Ad5 [El-, E2b-]-CEA(6D) as a

single agent with booster immunizations.
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Abbreviations
AdS Adenovirus serotype-5
AdS5 [E1-] Adenovirus serotype-5 (Ad5)-

AdS [E1-E2b-]

AdS5 [E1-E2b-]-CEA(6D)

based vector platforms with
deletions in the early 1 (El)
gene and early 3 (E3) gene
regions

Ad5 [El1-] with additional
deletions in the early 2 (E2)
gene region

AdS [E1-, E2b-] containing the
CAPI1(6D) gene

AE Adpverse effects

CAP1 Nine amino acid sequence of
CEA

CAP1(6D) Peptide analog sequence of
CAP1

CEA Carcinoembryonic antigen

CMI Cell-mediated immune

Con A Concanavalin A

CT Computed tomography

CTCAE Common terminology criteria
for adverse events

CTL Cytotoxic T lymphocytes

El Early 1 gene region

E2b Early 2b gene region
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E3 Early 3 gene region
IFN-y Interferon gamma

mCRC Metastatic colorectal cancer

MRI Magnetic resonance imaging

NAb Neutralizing antibody

NHP Non-human primates

PBMCs Peripheral blood mononuclear
cells

pol Polymerase gene

pTP Pre-terminal protein gene

RECIST Response evaluation criteria in
solid tumors

SAEs Serious adverse effects

SAFC Sigma-Aldrich Fine Chemicals

SFC Spot-forming cells

SQ Subcutaneously

TAA Tumor-associated antigens

Teff T effector

Treg T regulatory

TNF-a Tumor necrosis factor alpha

VP Viral particles

Introduction

As the knowledge on identification and function of tumor-
associated antigens (TAA) increases, so has the develop-
ment of immune-based therapies that target TAA to treat
various cancers. Development of gene-based vaccines to
treat cancer and/or prevent tumor recurrence has become
an area of significant basic research and clinical evalua-
tion. In contrast to therapeutic monoclonal antibodies that
“passively immunize” to treat certain cancers, some anti-
cancer vaccines are designed to “actively” stimulate cell-
mediated immunity (CMI) and antibody responses follow-
ing as a response to immunotherapy. Among the anticancer
vaccines being investigated and developed, those utilizing
recombinant-specific viral-based delivery platforms are
being exploited because of their unique ability to also gen-
erate significant CMI responses, essential in achieving anti-
tumor immune killing [1-3]. Early-generation recombinant
non-replicating adenovirus serotype-5 (Ad5)-based vector
platforms with deletions in the early 1 (E1) gene and early
3 (E3) gene regions (AdS [E1-]) emerged as prior leading
candidates for such immunotherapy [3-6]. Moreover, Ad5-
based vaccines are an important pharmaceutical considera-
tion because they can be produced in large quantities and
the viral genome is non-integrating remaining episomal,
thus eliminating the possibility of permanent gene insertion
in the host [6].

Unfortunately, one of the major challenges facing
previous-generation Ad5 [El-]-based vectors is the pres-
ence of preexisting immunity to Ad5 that mitigates their
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immunizing capability. The preponderance of humans
exhibit neutralizing antibody against AdS5, the most
widely used subtype for human vaccines, with two-thirds
of humans studied having humoral and lympho-prolifera-
tive responses against Ad5 [7, 8]. This immunity inhibits
immunization and especially re-immunization (boost) with
Ad5-based vectors and precludes immunization of a vac-
cinee against a second disease antigen as well. Further-
more, previous Ad5 [E1-]-based vectors are not effective in
cases where repeated homologous immunizations to main-
tain and/or increase anticancer-specific T cell (CD4+ and
CD8+) and humoral immunity are required for continued
killing of cancer cells. To avoid the Ad immunization bar-
rier, we have constructed an improved and advanced-gen-
eration Ad5-based vector platform. The Ad5 [El-, E2b-]
vector platform is novel having additional deletions in the
early gene 2b (E2b) region by removing the DNA polymer-
ase (pol) and the pre-terminal protein (pTP) genes and is
propagated in the E.C7 human cell line [9-12]. In various
animal studies, we have reported that cancer- and infec-
tious-disease-targeting vaccines based on the Ad5 [El-,
E2b-] vector platform can be used in multiple homologous
immunization regimens designed to induce and increase
CMI responses despite the presence of preexisting and/or
vector-induced immunity [13-22].

We have previously reported on the development and
clinical use in advanced-stage mCRC patients with the
AdS [El-, E2b-]-based cancer vaccine designed to target
carcinoembryonic antigen (CEA)-expressing tumors [13,
14, 23]. In adult humans, CEA expression is normally low
and mainly restricted to the mucosa of the colon [24, 25];
however, CEA is over expressed in all adenocarcinomas of
the colon and rectum [26], and CEA has been classified as
a priority cancer antigen biomarker [27]. Several immuno-
therapy platforms targeting CEA are being developed, and
there is mounting clinical evidence indicating that target-
ing CEA can safely be overcome despite preexisting toler-
ance [28]. The vaccine we developed utilizes a modifica-
tion in the nine amino acid sequence of the CAPI1 region
of CEA that is incorporated into our recombinant vector
platform and referred to as AdS [E1-, E2b-]-CEA(6D) [23].
CAPI1(6D) is a peptide analog of CAPI1, and its sequence
includes a heteroclitic (non-anchor position) mutation,
resulting in an amino acid change from asparagine to aspar-
tic acid, to enhance recognition by the T cell receptor with-
out any change in binding to HLA-A2. Compared with the
non-mutated CAP1 epitope, CAP1(6D) has been shown to
enhance sensitization of cytotoxic T lymphocytes (CTL) by
100-1000 times [29, 30]. In preclinical studies by us and
others, multiple homologous immunizations with Ad5 [El-,
E2b-]-CEA(6D) induced CEA-specific CMI responses with
antitumor activity despite the presence of existing AdS
immunity in mice [13, 14]. We have proceeded to perform
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a dose escalation/safety phase 1/2 trial and reported results
on metastatic colorectal cancer (mCRC) patients treated
with the Ad5 [El-, E2b-]-CEA(6D) [23]. Escalating doses
of vaccine up to 5X10'! viral particles (VP) of Ad5 [El-,
E2b-]-CEA(6D) were injected subcutaneously (SQ) three
times and were shown to have minimal toxicity. Employ-
ing ELISpot assays on PBMC samples to detect inter-
feron gamma (IFN-y) secreting cells, CEA-specific CMI
responses were induced. Importantly, these CMI responses
were observed despite the presence of preexisting AdS
immunity in a majority of patients and did not appear to
affect the induction of CEA-specific CMI responses. At the
time of publication, overall survival of mCRC patients was
48 % at 12 months. We now present further results on long-
term overall survival in treated mCRC patients and report
our extended findings on additional immune analyses of
PBMC samples from treated patients.

Materials and methods
Patients and clinical protocol

The clinical trial was approved by all local institutional
review boards where the study was conducted under
an FDA-approved investigational new drug applica-
tion (IND14325) and registered at ClinicalTrials.gov
(NCTO01147965). Informed consent was obtained from all
individual participants included in the study. Details of
the trial were previously reported [23]. Briefly, 32 patients
with mCRC cancer, median age 57.5 (range 38-77) who
had failed a median of three prior antitumor regimens
(range 2-5), had a median Karnofsky performance status
of 90 % (range 70-100 %), and had a range of 1-4 sites
of metastatic disease, were enrolled. Eligibility require-
ments included metastatic cancer expressing CEA and
adequate hematologic, renal, and hepatic function. Clini-
cal activity was assessed according to Response Evaluation
Criteria in Solid Tumors (RECIST 1.0 criteria) [31] using
computed tomography (CT) or magnetic resonance imag-
ing (MRI) scans obtained at baseline and after comple-
tion of treatments. Toxicity was assessed according to the
National Cancer Institute Common Terminology Criteria
for Adverse Events (CTCAE) version 4.0 [32].

A total of five cohorts were evaluated for dose-limit-
ing toxicity (DLT). The Ad5 [El-, E2b-]-CEA(6D) doses
were delivered subcutaneously (SQ) to patients as follows:
cohort 1: dose of 1 x 10° VP SQ in the same thigh every
3 weeks for three treatments; cohort 2: dose of 1 x 100 VP
SQ every 3 weeks for three treatments; cohort 3: dose of
1 x 10! VP SQ every 3 weeks for three treatments; cohort
4—a phase 2 expansion—dose of 1 x 10'! VP SQ every
3 weeks for three treatments. After completing the phase 2

expansion cohort 4, an additional cohort (cohort 5) received
a dose of 5 x 10" VP SQ every 3 weeks for three treat-
ments to determine safety of the highest dose. Serum and
PBMC were collected from patients just prior to the immu-
nizations at 0, 3, 6, and 3 weeks (week 9) following the last
treatment. Blood was also collected from some patients up
to 12 months following treatment. The serum was frozen
at <—60°C and PBMC were frozen in liquid nitrogen until
immune assays were performed.

Immunotherapeutic vaccine

Clinical grade AdS5 [E1-, E2b-]-CEA(6D) (product referred
to as ETBX-011) was constructed as previously described
[14, 23] and manufactured using the E.C7 human cell
line (9-11) under GMP at Sigma-Aldrich Fine Chemicals
(SAFC), Carlsbad, California. The vaccine was stored at
—20 °C and thawed just prior to use.

ELISpot assays for IFN-y and granzyme B-secreting
cells

The ELISpot assay for IFN-y-secreting lymphocytes
was adapted from our previous studies and performed
as described [14, 23]. An ELISpot assay for granzyme
B-secreting lymphocytes to detect cytolytic T cell activ-
ity [33, 34] was also performed. Briefly, isolated PBMC
(2 x 103 cells/well) from individual patient samples was
incubated 36—40 h with a CEA peptide pool (15mers with
11 amino acid overlap covering full-length CEA with the
CAP1-6D modification; 0.1 pg/well) to stimulate IFN-y
or granzyme B-secreting cells. Specificity of the responses
was demonstrated by the lack of reactivity with the irrel-
evant antigens B-galactosidase and HIV-gag. Cells stimu-
lated with concanavalin A (Con A) at a concentration of
0.25 pg/well served as positive controls. Colored spot-
forming cells (SFC) were counted using an Immunos-
pot ELISpot plate reader (Cellular Technology, Shaker
Heights, OH), and responses were considered to be positive
if 50 SFC were detected/10° cells after subtraction of the
negative control number and SFC were twofold higher than
those in the negative control wells.

Analyses of PBMC by immunofluorescence (flow)
cytometry

To assess CD4+ and CD8+ T cell responses, PBMC sam-
ples from individual patients were assayed for IFN-y and
tumor necrosis factor alpha (TNF-a) expression using a BD
Accuri™ C6 Flow Cytometer and intracellular cytokine
staining methods previously described [35, 36]. Briefly, 10°
PBMC cells/well were incubated 6 h with 2.0 pg/ml CEA
peptide pool, 2.0 wg/ml SIV nef-negative control peptide
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pool, or media alone. A protein transport inhibitor (GolgiS-
top) was added for the final 4 h of the stimulation. After
stimulation, cells were stained for CD4 and CDS, fixed,
permeabilized, stained for IFN-y and TNF-a, and then ana-
lyzed by flow cytometry.

Treg cells and Teff cells were analyzed by stain-
ing PBMC for CD4, CD25, and Foxp3 with the Human
Regulatory T Cell Staining Kit #2 (eBiosciences). The
ratio of regulatory T cells to effector T cells (Treg/Teff)
was defined as the ratio of CD4+CD25+Foxp3+ cells to
CD4+CD25—Foxp3— cells.

Flow cytometry was also employed to assess HLA-A2
expression on patient PBMC samples. Staining with fluoro-
chrome-conjugated anti-HLA-A?2 antibody was performed
as recommended by the manufacturer (BD Biosciences).

Determination of AdS neutralizing antibody (NAb)
titers in sera

End point Ad5 NAb titers were determined as previously
described [14, 23]. Briefly, dilutions of heat-inactivated test
sera in 100 nL of DMEM containing 10 % fetal calf serum
were mixed with 4 x 107 VP of Ad5 [El-]-null and incu-
bated for 60 min at room temperature. The samples were
added to microwells containing HEK293 cells cultured in
DMEM containing 10 % heat-inactivated fetal calf serum
at 2 x 10* cells/well for 24 h at 37° C in 5 % CO,. The
mixture was incubated for an additional 72 h at 37° C in
5 % CO,. An MTS tetrazolium bioreduction assay (Pro-
mega Corp, Madison, WI) [37] was used to measure cell
killing and end point Ad5 NAb titers.

Statistics

Statistical analyses were performed employing PRISM
Software (GraphPad). The long-term survival curve was
made employing Kaplan—Meier plots (PRISM Software,
GraphPad).

Results

Summary of dose administration, adverse events,
and initial survival

The majority of patients (28/32, 87.5 %) were able to
receive all three immunizations. Four patients with rapid
disease progression did not receive all three injections (one
patient received only one dose, and three patients received
two doses). There were no dose-limiting toxicities and no
serious adverse effects (SAEs) that resulted in treatment
discontinuation at any dose level of the vaccine, and there
were no dropouts due to treatment. The most common
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adverse effect (AE) was a self-limited, injection site reac-
tion. Other reactions occurred with less than a 10 % inci-
dence and included fever, flu-like symptoms, anorexia,
chills, nausea, and headache. These symptoms were self-
limiting and did not require intervention other than symp-
tomatic control measures such as acetaminophen. Routine
hematology and chemistry studies showed no significant
biologic changes during the immunization period, and
these above results have been previously reported [23].
During our longer-term follow-up, no treatment-related
adverse effects were reported.

Results on extended follow-up overall-survival data
and post-treatment therapies

Survival data and post-treatment therapies that patients
received are presented in Table 1. Kaplan—Meier over-
all-survival plots are presented in Fig. 1. Twenty-nine-
month overall survival of the intent-to-treat population
(32 patients) was 20 % (Fig. la) with a median survival
time of 11 months from informed consent/first injection.
For the subset of 28 patients that received all three immu-
nizations, the 29-month survival was 23 % (Fig. 1b) with
a median survival time of 13 months. For the 22 patients
optimally dosed with the two highest doses of vaccine (1
and 5 x 10'") and receiving all three immunizations (see
Table 1), the 28-month overall survival was 19 % (Fig. 1c).
Median overall survival was 13 months in the optimally
treated patients. Since there was no active control group
in the study, comparisons for significance in survival time
cannot be made. There were three stable disease events
observed immediately after completion of treatment, and
over the course of long-term follow-up, we observed that a
total of six disease stabilizations were recorded.

Post-treatment therapies were also recorded during fol-
low-up (see Table 1). For seven patients, follow-up therapy
information was not available, for eight patients, there were
no further therapies, four patients received other unknown
chemotherapy, two patients received radiation treat-
ment, one patient received radiation treatment and entered
another clinical trial, two patients entered another clini-
cal trial, one patient received treatment with Avastin, one
patient received Avastin and Xeliri, one patient received
Avastin and Xeloda, one patient received Avastin, Xeloda,
and FOLFOX, one patient received Xeloda, one patient
received FOLFOX, one patient received treatment with
Nexavar, and one patient received Erbitux.

Immune analyses
We previously reported on ELISpot analyses of PBMC

samples for CMI activity as assessed by numbers of IFN—
y-secreting cells after stimulation with CEA peptide pools
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Table 1 Overall survival and post-treatment therapies

Patient ID # Cohort Number of immunizations Tumor type Survival time (months)? Post-treatment therapies®
002 1 3 Colon 2.75(-) None

003 1 3 Rectal 8.75(-) R

004 1 3 Colon 11.25(-) A, F, XlId
005 2 3 Colorectal 17.8 (-) OCT,R

007 2 1 Colon 1.25 (-) None

008 2 3 Colorectal 29 (+) None

010 2 3 Colon 12 (-) OCT

011 3 3 Rectal 13.2 (-) R

012 3 3 Colon 28 (+) oucC

013 3 3 Rectal 35() N

015 3 3 Colorectal 10 (-) E

016 3 3 Colon 5.75 () oucC

017 3 3 Rectal 2.75(-) None

500 3 3 Colon 26.6 (-) Not reported
501 4 3 Rectal 25.5(+) oucC

502 4 2 Colon 2.75(-) Not reported
504 4 3 Colon 7.25 () Not reported
506 4 3 Colon 2.5(-) Not reported
507 4 3 Rectal 24 (+) Not reported
019 4 3 Colon 17.5 (-) A, Xli

020 4 3 Colon 24.5(+) A

021 4 3 Colon 25.25 (+) A, Xld

023 4 3 Colon 4.25 (-) None

024 4 3 Colon 23 (+) None

025 4 3 Colon 7.25 () None

026 4 2 Colon 42 (-) None

030 5 3 Colorectal 157 (-) OCT

031 5 3 Rectal 155 (+) oucC

032 5 3 Rectal 5.6 (-) F

033 5 3 Rectal 4.9 (-) Not reported
034 5 3 Colon 13.75 (+) Xld

035 5 2 Colon 2.0(-) Not reported

% (4) Alive at last follow-up; (-) not alive

b Post-treatment therapy: A Avastin, E Erbitux, F FOLFOX, N Nexavar, OCT other clinical trial, OUC other unknown chemotherapy, R radia-

tion, XIi Xeliri, XId Xeloda

[23]. We observed a dose-response effect with the high-
est magnitude CEA-specific CMI responses occurring in
patients who received the highest dose of Ad5 [El-, E2b-
J]-CEA(6D). Of the doses received, 0/3 (0 %) patients in
cohort 1, 1/4 (25 %) patients in cohort 2, 10/19 (53 %)
cohort 3/phase 2, and 4/6 (67 %) patients in cohort 5
exhibited positive CEA-directed CMI responses. As previ-
ously reported [23], the level of preexisting AdS neutral-
izing immunity did not appear to affect the induced CEA-
directed CMI responses.

For this study, we performed additional flow cytom-
etry analyses on patient PBMC. A sample from only one

patient (patient 013, week 3) that exhibited high CMI activ-
ity (>1000 IFN-y-secreting SFC) during treatment was
observed to be positive for polyfunctional T cells. Although
the week 9 sample from patient 507 also exhibited high
CMI activity, we were unable to detect polyfunctional T
cells.

The flow cytometry ICS profile of the PBMC from
patient 013 after exposure to CEA peptides showed the
presence of:

e CD8+/IFN-y+ cells (3.5 %),
e CD84/IFN-y+/TNF-a+ cells (1.0 %),
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were 23 events during the study
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Fig. 2 Profiles of CEA-directed CMI responses in five mCRC patients during and after the course of immunotherapy. Note the decrease in CMI
responses from their peak values after immunizations ended. Values are mean £ SEM

e CD4+/1IFN-y+ cells (0.4 %), and
e CD4+/TIFN-y+/TNF-a+ cells (0.2 %).

Specificity of the response was demonstrated by the lack
of PBMC reactivity with SIV nef peptides.

In further follow-up, we obtained PBMC samples from
a subset of five patients that could be tested post-treat-
ment for extended CMI responses. It was observed that
the levels of CEA-specific CMI activity decreased from
their peak values during follow-up in the five patients ana-
lyzed (Fig. 2). We were able to perform further analyses
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on a large number of PBMC samples pre-treatment (week
0) and post-treatment (week 6-9) and assess CTL activ-
ity employing ELISpot assays for granzyme B secretion.
Twenty-seven evaluable patient PBMC samples were
tested. As shown in Fig. 3, significantly (P < 0.05, Wil-
coxon test) elevated levels of granzyme B secretion activ-
ity were observed in post-immunization PBMC samples
as compared to their respective baseline pre-immunization
PBMC samples.

Analysis of peripheral blood T regulatory (Treg) to T
effector (Teff) cell ratios pre- and post-treatment (week 9)
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in 15 patients was examined employing flow cytometry. No
change in Treg to Teff cell ratio occurred over the course
of the 9-week treatment evaluation period. The mean Treg
to Teff cell ratio at baseline was 0.062 4+ 0.02 (SD), and
the mean Treg to Teff cell ratio at week 9 was 0.07 & 0.03.
Of the five-patient PBMC samples available for longer-
term assessment, one patient exhibited an increase in Treg
to Teff cell ratio, one patient exhibited an increase in Treg
to Teff cell ratio that decreased to near baseline level at
last follow-up, and samples from three patients exhibited a
decrease in Treg to Teff cell ratio during the treatment pro-
tocol with one of these patients showing a return to near
baseline ratio after 52 weeks (Fig. 4).

150 -|_
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_|_

(2
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1
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o
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Fig.3 CTL responses (ELISpot granzyme B secretion) were
assessed pre-treatment (week 0) and post-treatment (week 6-9). Note
the increase in CTL activity after immunizations of mCRC patients
(P < 0.05 Wilcoxon test). Values are mean == SEM

Patient PBMC samples were tested for HLA-A2 posi-
tivity by flow cytometry, and 61 % of the samples tested
were HLA-A2 positive. When the highest CMI response
level (as measured by IFN—y-secreting cells) achieved per
patient during treatment was assessed in association with
the presence of HLA-A2, there was no significant differ-
ence observed between HLA-A2+ and HLA-A2— patients
(HLA-A2+ = 264.6 &+ 119.0 IFN—y-secreting cells ver-
sus HLA-A2— = 165.6 £ 108.1 IFN—y-secreting cells;
P = 0.5809).

AdS5 NAD titers were assessed in follow-up serum sam-
ples from six patients. Patients 005, 024, 501, and 507
had preexisting AdS end point titers of 200, 200, 100, and
50, respectively. Patients 031 and 500 did not exhibit Ad5
NAb activity at baseline. As shown in Fig. 5, Ad5 NAb
titers increased at week 9 and then decreased thereafter. In
patient 507, Ad5 NAD titers decreased to below baseline
titer but were within one titer of the baseline value. In the
remaining five patients (005, 024, 031, 500, and 501), the
Ad5 NAb titers decreased but remained above baseline lev-
els at last follow-up.

Discussion

We previously reported our initial study findings on the
dosing, safety, immunogenicity, and clinical findings of a
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Fig. 4 Treg/Teff ratios in five mCRC patients during and after immu-
notherapy. Ratios increased in one patient (031) and increased with
a return to baseline ratio in another patient (501). Ratios decreased

with a return to baseline ratio at 52 weeks in one patient (005). Ratios
were decreased in two of the other five patients (024 and 507)
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Fig. 5 Ad5 NAbD titers over time in six mCRC patients immunized with Ad5 [El-, E2b-]-CEA(6D). Titers increased in all patients by week 9

(3 weeks after the last immunization) and then decreased thereafter

phase 1/2 clinical trial, evaluating the use of an AdS [El-,
E2b-]-CEA(6D) in mCRC patients [23]. Patient demo-
graphics were similar to those reported in other clinical tri-
als with mCRC patients [38—40]. Study findings indicated
that the AdS5 [El-, E2b-]-CEA(6D) immunotherapeutic
product as a single agent was well tolerated and could eas-
ily be administered. It was reported that CEA-specific CMI
responses were induced and increased over the course of
three immunizations. In addition, a dose—-response effect
was observed. Preexisting Ad5 immunity was present in
61 % of patients and the presence of Ad5 immunity did
not appear to affect the CEA immunogenicity. Although no
objective antitumor responses occurred by RECIST, there
were three stable disease events observed immediately after
completion of treatment. Over the course of long-term fol-
low-up, we noted that a total of six disease stabilizations
were recorded. Previously, we reported a 48 % survival
at 12-month follow-up [23], and in our extended follow-
up for overall survival, we noted that on an intent-to-treat
analysis the 29-month survival was 20 % with a favorable
median overall survival of 11 months. However, one should
note that these overall-survival data are confounded by the
fact that the patients received other anticancer treatment(s)
after they went off protocol. Also, it is of interest to note
that the FDA-approved cancer vaccine sipuleucel-T did
not show a significant antitumor impact but did demon-
strate overall-survival benefit [41-43]. Whether or not we
observe similar results can only be demonstrated by testing
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the AdS [E1-, E2b-]-CEA(6D) immunotherapeutic as a sin-
gle agent to determine its true clinical benefit in a larger
randomized/controlled phase 2b study wherein patients are
followed long term and which we plan to perform.

In our further analyses of patient PBMC samples, ELIS-
pot assays were employed to determine CEA-directed CTL
activity pre- and post-immunization. ELISpot granzyme
B assays were used since this assay provides a measure
of functional CTL activity [33, 34]. We observed a sig-
nificant increase in CTL activity after immunizations with
Ad5 [El-, E2b-]-CEA(6D), indicating that CEA-specific
CTL activity was induced. Also, we observed granzyme
B-secreting activity in baseline PBMC samples, and
we speculate that this reflects endogenous CTL activ-
ity induced by the presence of CEA-expressing tumors.
Thus, in addition to the induction of CEA-directed CMI
responses as previously reported [23], we also observed
increases in CEA-directed CTL activity in treated patients.

Our flow cytometry data indicated that a high level of
CMI activity, as measured by ELISpot IFN—y-secreting
cells, must be achieved before we could detect the presence
of activated T cells by ICS. In two patients, PBMC sam-
ples were sufficiently evaluable and we were able to detect
activated CD4+ and CD8+ T cells in a post-immunization
sample from one patient. Although the sample size is very
small, these data may provide evidence that the Ad5 [El-,
E2b-]-CEA(6D) can induce robust CMI responses and we
plan to study this on a larger patient sample size in a phase
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2b trial. Moreover, if one were to treat mCRC patients ear-
lier in the course of their disease, more robust CD4+ and
CD8+ populations might be achieved.

Because of the importance of Treg in influencing anti-
tumor CMI responses [44], Treg to Teff ratios were deter-
mined in patient PBMC samples. Of the five-patient sam-
ples tested, three patients exhibited a decrease in the Treg
to Teff cell ratio during the immunization period. Since we
also observed that levels of CMI activity decreased dur-
ing follow-up in the five patients analyzed, it may well be
that we need to administer additional booster immuniza-
tions in order to maintain elevated levels of CEA-directed
CMI responses that generate activated T cells with ben-
eficial changes in Treg to Teff cell ratios. Based upon
the observation that CMI responses waned by 26 weeks
(23 weeks after the last immunization), we plan to admin-
ister “booster” immunizations at 4-month intervals in our
next phase 2b study to determine whether we can maintain
induced CMI responses. Immune tests including ELISpot
assays for IFN-y and granzyme B-secreting cells and flow
cytometry tests for activated CD4+, CD8+, Treg, and Teff
cells will be studied as surrogate parameters of immune
function in planned future trials. We expect that a larger
randomized mCRC patient trial will give us much needed
additional information and provide a greater understanding
of the immune mechanisms(s) generated by immunizations
with Ad5 [El-, E2b-]-CEA(6D).

Since the modified immunogenic HLA-A2-restricted
CAP1(6D) epitope of CEA was incorporated into our vac-
cine, we investigated the association between induced
CMI responses and the presence or the absence of HLA-
A2 in PBMC samples tested. Although the average CMI
responses were relatively higher in HLA-A2+ PBMC sam-
ples, the difference was not significant when compared to
values obtained in HLA-A2— samples. Thus, in this small
study, CMI responses did not appear to be HLA-A2+
restricted. Again a larger trial may elucidate this difference.

In our analyses of Ad5 NAb titers on follow-up serum
samples from six patients, we observed that the Ad5 NAb
titers decreased from their peak values after immuniza-
tions ended. This is similar to our findings with CMI
responses in which the responses declined after treatment
was stopped. We previously reported on the analyses of
Ad5 NAD titers in non-human primate (NHP) studies inves-
tigating Ad5 [El-, E2b-]-HIV/SIV vaccines [18, 21]. In
these prior studies employing NHP with preexisting Ad5
immunity, we observed that multiple homologous immu-
nizations with Ad5 [E1-, E2b-]-HIV/SIV vaccines resulted
in an increase in AdS5 NAb titers during vaccinations; how-
ever, after immunizations ended, Ad5 NAD titers decreased
from their peak values. Thus, the present observations are
in agreement with our earlier findings using this platform-
based vaccine on NHP.

In conclusion, the clinical data obtained using the Ad5
[E1-, E2b-]-CEA(6D) demonstrate that this product can
be easily and safely administered to mCRC patients to
induce CEA-directed CMI responses. Although no objec-
tive antitumor responses were observed, there appeared
to be favorable survival with an observed median over-
all survival of 11 months. A small number of patient
PBMC samples were available for follow-up immune
analyses, and although the sample size was small,
the results obtained indicate that the generated CEA-
directed CMI responses induced might require additional
booster immunizations to maintain the induced immune
response. This will be an important factor to consider
especially in the context of immunotherapy vaccines. We
plan to conduct a randomized/controlled phase 2b clini-
cal trial to evaluate immunogenicity and include booster
immunizations to determine the effect of Ad5 [E1-, E2b-
]-CEA(6D) as a single agent on overall survival in mCRC
patients. Also, it may be important to investigate the use
of this immunotherapeutic agent in an adjuvant setting,
enrolling recently resected early-stage colorectal cancer
patients to assess the time to progression. The results
of such clinical trials will allow us to evaluate the true
clinical benefit of using AdS [El-, E2b-]-CEA(6D) as an
immunotherapeutic.
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