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Abstract First-generation, E1-deleted adenovirus sub-

type 5 (Ad5)-based vectors, although promising platforms

for use as cancer vaccines, are impeded in activity by

naturally occurring or induced Ad-specific neutralizing

antibodies. Ad5-based vectors with deletions of the E1 and

the E2b regions (Ad5 [E1-, E2b-]), the latter encoding the

DNA polymerase and the pre-terminal protein, by virtue of

diminished late phase viral protein expression, were

hypothesized to avoid immunological clearance and

induce more potent immune responses against the encoded

tumor antigen transgene in Ad-immune hosts. Indeed,

multiple homologous immunizations with Ad5 [E1-, E2b-]-

CEA(6D), encoding the tumor antigen carcinoembryonic

antigen (CEA), induced CEA-specific cell-mediated

immune (CMI) responses with antitumor activity in mice

despite the presence of preexisting or induced Ad5-neu-

tralizing antibody. In the present phase I/II study, cohorts

of patients with advanced colorectal cancer were immu-

nized with escalating doses of Ad5 [E1-, E2b-]-CEA(6D).

CEA-specific CMI responses were observed despite the

presence of preexisting Ad5 immunity in a majority

(61.3 %) of patients. Importantly, there was minimal tox-

icity, and overall patient survival (48 % at 12 months) was

similar regardless of preexisting Ad5 neutralizing antibody

titers. The results demonstrate that, in cancer patients, the

novel Ad5 [E1-, E2b-] gene delivery platform generates

significant CMI responses to the tumor antigen CEA in the

setting of both naturally acquired and immunization-

induced Ad5-specific immunity.
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Introduction

Cancer immunotherapy achieved by delivering tumor-

associated antigens (TAA) has recently demonstrated sur-

vival benefits [1, 2]; however, limitations to these strategies

exist and more immunologically potent vaccines are needed.

To address the low immunogenicity of self-tumor antigens,

a variety of advanced, multi-component vaccination

strategies including co-administration of adjuvants and

immune-stimulating cytokines have been employed [3, 4].

Alternatives include the use of recombinant viral vectors

that inherently provide innate pro-inflammatory signals while

simultaneously engineered to express the antigen of interest.

Of particular interest are adenovirus serotype-5 (Ad5)-based

immunotherapeutics that have been repeatedly used in

humans to induce robust T-cell-mediated immune (CMI)

responses all while maintaining an extensive safety profile

[5–7]. In addition, Ad5 vectors can be reliably manufactured

in large quantities and are stable for storage and delivery for

outpatient administration [6–8]. Nonetheless, a major obsta-

cle to the use of first-generation (E1-deleted) Ad5-based

vectors is the high frequency of preexisting anti-adenovirus

type 5 neutralizing antibodies. These antibodies can be

present in a potential vacinee due to either prior wild-type

adenovirus infection [8, 9] or induction of adenovirus neu-

tralizing antibodies by repeated injections with Ad5-based

vaccines, each resulting in inadequate immune stimulation

against the target TAA [10].

Attempts to overcome anti-Ad immunity have included

use of alternative Ad serotypes and/or alternations in the

Ad5 viral capsid protein, each with limited success and

the potential for significantly altering biodistribution of the

resultant vaccines. Therefore, a completely novel approach

was attempted by further reducing the expression of viral

proteins from the E1-deleted Ad5 vectors, proteins known

to be targets of preexisting Ad immunity. Specifically, a

novel recombinant Ad5 platform has been described with

deletions in the early 1 (E1) gene region and additional

deletions in the early 2b (E2b) gene region (Ad5 [E1-, E2b-])

[11]. Deletion of the E2b region (that encodes DNA poly-

merase and the pre-terminal protein) results in decreased

viral DNA replication and late phase viral protein expres-

sion. This vector platform has been previously reported to

successfully induce CMI responses in animal models of

cancer and infectious disease [10, 12–18], and more impor-

tantly, this recombinant Ad5 gene delivery platform over-

comes the barrier of Ad5 immunity and can be used in the

setting of preexisting and/or vector-induced Ad immunity

[10, 12–19], thus enabling multiple homologous adminis-

trations of the vaccine. We have constructed and tested an

Ad5 [E1-, E2b-] platform containing a gene insert for the

tumor antigen carcinoembryonic antigen (CEA) with

a modification that enhances T-cell responses (Ad5 [E1-,

E2b-]-CEA(6D) [12, 16, 19, 20]. Multiple immunizations

with this Ad5 platform induced CEA-specific CMI responses

with antitumor activity despite the presence of existing Ad5

immunity in mice [12, 16]. We now present results of a first-

in-man, phase I/II clinical trial to determine the safety and

immunogenicity of dose escalation of the Ad5 [E1-, E2b-]-

CEA(6D) vector in advanced stage colorectal cancer patients

to determine whether CMI could be induced and whether

there was an effect on clinical outcome relative to the exis-

tence of preexisting Ad5 immunity.

Methods

Construction and production of Ad5 [E1-, E2b-]-

CEA(6D)

The cDNA sequence containing the modified CEA with the

CAP1(6D) mutation was produced at Duke University [21].

Clinical grade Ad5 [E1-, E2b-]-CEA(6D) was constructed

as previously described [12] and manufactured using

the E.C7 cell line [12] under GMP at SAFC, Carlsbad,

California, and provided by Etubics Corporation.

Protocol schema and patient treatment

The clinical study was performed under an FDA-approved

Investigational New Drug Exemption (IND14325) and

registered at ClinicalTrials.gov (NCT01147965). Partici-

pants were recruited from medical oncology clinics at

Duke University Medical Center, Durham, NC, and Med-

ical Oncology Associates, Spokane, WA. Patients provided

informed consent approved by the respective Institutional

Review Boards (IRB). Eligibility requirements included

metastatic cancer expressing CEA and adequate hemato-

logic, renal, and hepatic function. Trial participants were

required to have received treatment with standard therapy

known to have a possible overall survival benefit or refused

such therapy. Exclusion criteria included chemotherapy or

radiation within the prior 4 weeks, history of autoimmune

disease, viral hepatitis, HIV, or use of immunosuppres-

sives. Patients who had been receiving bevacizumab or

cetuximab for at least 3 months prior to enrollment were

permitted to continue receiving these antibodies. Prior

CEA immunotherapy was permitted. The study employed a

standard 3 ? 3 dose escalation strategy with dose-limiting

toxicities (DLT) defined as grade 3 or 4 major organ tox-

icity. The Ad5 [E1-, E2b-]-CEA(6D) doses were delivered

to patients as follows: cohort 1: dose of 1X109 VP in

0.5 ml subcutaneously (SQ) in the same thigh every

3 weeks for 3 treatments; cohort 2: dose of 1X1010 VP in

0.5 ml SQ every 3 weeks for 3 treatments; cohort 3: dose

of 1 9 1011 in 0.5 ml SQ every 3 weeks for 3 treatments.
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Following the establishment of the dose of 1 9 1011 VP as

safe, an additional 12 patients received Ad5 [E1-, E2b-]-

CEA(6D) at this dose and schedule (phase II cohort).

After completing the phase II cohort, an additional cohort

(cohort 5) of six patients received a dose of 5 9 1011 VP in

2.5 ml SQ every 3 weeks for 3 treatments to determine

safety of the highest achievable dose. PBMCs were col-

lected from patients just prior to the immunizations at

weeks 0, 3, 6, and three weeks following the last treatment.

The PBMCs were frozen in liquid nitrogen until ELISPOT

assays were performed. In cohort 5, fresh PBMCs were

analyzed in preliminary flow cytometry assays for poly-

functional CD8? T lymphocytes.

Assessment of clinical activity

Clinical activity was assessed according to Response Evalu-

ation Criteria in Solid Tumors (RECIST 1.0 criteria [22])

using computed tomography (CT) or magnetic resonance

imaging (MRI) scans obtained at baseline and after treatments

were completed. Toxicity was assessed according to the

National Cancer Institute Common Terminology Criteria for

Adverse Events (CTCAE) version 4.0 [23]. Peripheral blood

CEA levels, hematology, serum chemistries, and anti-nuclear

antibody titers were compared at baseline and 3 weeks fol-

lowing the final treatment. Survival was measured from the

day of the first immunization until death from any cause.

Analysis of CMI responses by ELISPOT assay

An ELISPOT assay for IFN-c-secreting lymphocytes was

adapted from our previous animal studies and performed as

described [12]. Briefly, isolated PBMCs (2 9 105 cells/well)

from individual patient samples were incubated 36–40 h with

a CEA peptide pool (15mers with 11aa overlap covering full-

length CEA with the 6D modification; 0.1 lg/well) to stim-

ulate IFN-c-producing T cells. CMI responses to Ad5 were

determined after exposure of patient PBMC to Ad5 null

(empty vector). Cells stimulated with concanavalin A

(Con A) at a concentration of 0.25 lg/well served as positive

controls. Colored spot-forming cells (SFC) were counted

using an Immunospot ELISPOT plate reader (Cellular

Technology, Shaker Heights, OH), and responses were

considered to be positive if 50 SFC were detected/106 cells

after subtraction of the negative control and SFC were

Ctwofold higher than those in the negative control wells.

Determination of Ad5 neutralizing antibody (NAb)

titers

Endpoint Ad5 NAb titers were determined as previously

described [12–14]. Briefly, dilutions of heat-inactivated

test sera in 100 lL of DMEM containing 10 % fetal calf

serum were mixed with 4 9 107 VP of Ad5 [E1-]-null and

incubated for 60 min at room temperature. The samples

were added to microwells containing HEK293 cells cul-

tured in DMEM containing 10 % heat-inactivated calf

serum at 2 9 103 cells/well for 24 h at 37 �C in 5 % CO2.

The mixture was incubated for an additional 72 h at 37 �C

in 5 % CO2. An MTS tetrazolium bioreduction assay

(Promega Corp. Madison, WI) [24] was used to measure

cell killing and endpoint Ad5 NAb titers. Endpoint titers

with a value less than 1:25 were assigned a value of 0.

Statistics

Statistical analyses comparing immune responses were

performed employing the Mann–Whitney test (PRISM,

GraphPad). Survival comparisons were made employing

Kaplan–Meier plots (PRISM, GraphPad). Ad5 NAb titer

and CEA-specific CMI were analyzed as continuous vari-

ables. The association of Ad5 NAb titer with change in

CEA-specific CMI was tested with the Spearman correla-

tion coefficient. The association of Ad5 NAb titer with

survival was tested with the Wald test of the proportional

hazards model. All tests used a two-sided alpha of 0.05.

Results

Patient demographics and safety and tolerability

Thirty-two patients with metastatic colorectal cancer,

median age 57.5 (range 38–77) who had failed a median of

three prior chemotherapeutic regimens (range 2–5), had a

performance status of 90 % (range 70–100 %), and had

three sites of metastatic disease (range 1–4), were enrolled

(Table 1). The majority were able to receive all three

immunizations. All four patients who stopped immuniza-

tions early did so due to significant disease progression.

There was no dose-limiting toxicity and no serious adverse

events (SAE) that resulted in treatment discontinuation at

any vaccine dose level. The most common toxicity (see

Supplemental Table 1) was a self-limited, injection site

reaction. Other reactions occurred with less than a 10 %

incidence and included fever, flu-like symptoms, anorexia,

chills, nausea, and headache. These symptoms were also

self-limiting and did not require intervention other than

symptomatic measures such as acetaminophen. Routine

hematology and chemistry studies showed no significant

biologic changes during the immunization period (Sup-

plemental Table 2). In particular, the total lymphocyte

count remained stable (pre and post). Overall, comparisons

of ANA titers at baseline and 3 weeks after the last

immunization revealed no significant difference in values

across all patient groups (Supplemental Table 2).
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Determination of Induced CMI Responses to CEA

ELISPOT analysis was performed on cryopreserved PBMC

samples drawn before each immunization and after the

completion of the final immunization to assess CEA-spe-

cific CMI responses. We observed a dose–response effect

with the highest magnitude CEA-specific CMI responses

occurring in patients who received the highest dose of Ad5

[E1-, E2b-]-CEA(6D) (Fig. 1). Of the doses received, 0/3

(0 %) patients in cohort 1 exhibited positive CEA-directed

CMI responses, 1/4 (25 %) patient in cohort 2 exhibited

positive CEA-directed CMI responses, 10/19 (53 %)

patients in cohort 3/phase II exhibited positive CEA-

directed CMI responses, and 4/6 (67 %) patients in cohort

5 exhibited positive CEA-directed CMI responses. The

time course of induction of CEA-specific CMI (Supple-

mental Fig. 1) demonstrated that there may be plateau in

the magnitude of CEA CMI prior to the last dose although

small numbers could affect this finding. In the largest group

of patients who received the same dose (cohort 3 plus

phase II), we observed a significant increase over baseline

in the average CEA-directed CMI responses at the week 6

Table 1 Patient demographics

Patient

ID/cohort

Dose

(VP)

Dx Age Sex KPS # prior

CTx

Mets

(# of sites)

# of

doses

??Disease Status

after tx

Survival

(Months)

002/1 109 C 67 M 70 [3 4 3 PD 3 (-)

003/1 109 R 63 M 100 5 2 3 PD 9 (-)

004/1 109 C 53 F 100 2 3 3 PD 11 (-)

005/2^ 1010 C 60 M 100 3 3 3 SD 12 (?)

007/2 1010 C 52 M 80 2 5 1 PD 1 (-)

008/2 1010 C 42 F 100 3 3 3 PD 12 (?)

010/2 1010 C 58 M 90 3 3 3 PD 12 (-)

011/3 1011 R 50 M 100 5 1 3 PD 12 (?)

012/3 1011 C 48 M 100 1 2 3 PD 12 (?)

013/3 1011 R 62 M 100 3 2 3 PD 4 (-)

500/3 1011 C 55 M 80 4 3 3 PD 12 (?)

015/3 1011 C 58 F 80 3 4 3 PD 10 (-)

016/3@ 1011 C 53 F 100 3 4 3 PD 6 (-)

017/3* 1011 R 52 F 90 3 2 3 PD 3 (-)

501/II 1011 R 54 M 90 1 1 3 PD 12 (?)

502/II 1011 C 66 F 80 1 2 2 PD 3 (-)

019/II 1011 C 69 M 90 1 3 3 PD 12 (?)

020/II^ 1011 C 59 M 100 5 4 3 SD 12 (?)

021/II^ 1011 C 51 F 100 4 3 3 PD 12 (?)

506/II 1011 C 77 F 80 2 2 3 PD 3 (-)

023/II 1011 C 51 F 100 3 4 3 PD 4 (-)

504/II 1011 C 57 M 90 3 3 3 PD 12 (?)

507/II 1011 R 58 M 90 2 2 3 PD 12 (?)

024/II 1011 C 67 M 90 2 3 3 PD 12 (?)

025/II 1011 C 62 F 100 2 4 3 PD 7 (-)

026/II 1011 C 53 M 100 3 2 2 PD 4 (-)

030/5 5 9 1011 C 38 M 90 4 3 3 PD 10 (?)

031/5 5 9 1011 R 72 F 90 4 2 3 SD 9 (?)

032/5@ 5 9 1011 R 53 M 90 4 3 3 PD 6 (-)

033/5 5 9 1011 R 48 F 90 [3 2 3 PD 5 (-)

034/5 5 9 1011 C 62 M 100 5 4 3 PD 7 (?)

035/5 5 9 1011 C 60 F 90 3 5 2 PD 2 (-)

Dx diagnosis, C colon, R rectal cancer, KPS Karnofsky performance status, PD progressive disease, SD stable disease

* concurrent cetuximab; ^concurrent bevacizumab; @ concurrent panitumumab

??Represents disease status at 9 weeks post-initiation of immunizations

(?) Alive; (-) Dead at last follow-up
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evaluation (P \ 0.05, Mann–Whitney test), averaging 94

SFC/106 PBMC, which increased further by the week 9

evaluation (Supplementary Fig. 1). One patient (patient ID

13) had a highly elevated baseline CEA-specific immune

response (1100 SFC) and had elevated CMI at week six

(2305 SFC) but did not return for week 9 evaluation and

therefore was not included in CEA CMI data analysis.

We also measured Ad5 NAb and CMI against Ad5 and

correlated it with CEA-specific CMI. Each patient had their

serum and PBMC sample tested at baseline (prior to

treatment) and at 9 weeks after completion of 3 treatments.

Nineteen of 31 patients (61.3 %) tested in this study had

Ad5 neutralizing activity in serum samples prior to the

onset of treatment with the CEA(6D)-expressing Ad vac-

cine. The mean pre-treatment Ad5 NAb titer value

obtained among all patients was 1:189 ± 1:71 SEM

(geometric mean 1:21), and the mean pre-treatment Ad5

NAb titer among seropositive patients was 1:308 ± 1:108

(geometric mean 1:146). Analysis of serum samples from

patients who received 3 immunizations revealed Ad5 NAb

titers that were significantly increased (P \ 0.0001, Mann–

Whitney test) by week 9 (mean 1:4767 ± 1:1225 SEM)

(geometric mean 1:1541) when compared with their

respective baseline values (Fig. 2a). Analysis of PBMC for

CMI responses to Ad5 also revealed a significant increase

(P \ 0.01, Mann–Whitney test) in Ad5-directed CMI

responses after immunizations with Ad5 [E1-, E2b-]-

CEA(6D) (Fig. 2b). Only ELISPOT assays were performed

for CMI, and we did not assess the relative contribution of

CD4? and CD8? T cells; thus, it is unclear whether both

cell types are responding or whether responses are asso-

ciated preferentially from one group.

Comparison of week 9 CEA-directed CMI responses

from patients with low baseline preexisting Ad5 immunity

(Ad5 NAb C200) versus those with high baseline Ad5

immunity (Ad5 NAb [200) revealed no significant dif-

ference in responses (P [ 0.4, Mann–Whitney test). Fur-

ther, when the highest CEA-specific CMI responses were

compared with preexisting or vector-induced Ad5 NAb

activity, there was no correlation between levels of CEA

CMI and Ad5 NAb activity (Fig. 3). These data indicate

that immunizations with Ad5 [E1-, E2b-]-CEA(6D) were

able to induce CEA-specific immune responses in colo-

rectal cancer patients despite the presence of existing and/

or immunization-induced Ad5 immunity.
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Fig. 1 CEA-directed CMI responses in treated patients. CMI (IFN-c
secretion) was assessed at baseline (pre) and after administrations of

Ad5 [E1-, E2b-]-CEA(6D) (post). The highest CMI responses

(regardless of time point) observed in the patients after treatment

revealed a dose response. The highest CMI levels occurred in patients

that received the highest dose of 5 9 1011 VP (Cohort 5). The CMI

responses for cohort 3/phase II and cohort 5 were significantly

elevated (Mann–Whitney test) as compared to their baseline (pre)

values. Specificity of the responses was demonstrated by the lack of

reactivity with the irrelevant antigens b-galactosidase and HIV-gag

(data not shown). For positive controls, PBMCs were exposed to

concanavalin A (data not shown). Horizontal line and error bar

indicate the mean ± SEM for each cohort
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Fig. 2 Ad5 immune responses.

Ad5 NAb titers a and CMI

responses b to Ad5 were

determined in patients at baseline

(week 0) and 3 weeks (week 9)

after the third immunization. The

number of IFN-c-secreting

PBMCs from patients that were

specific for Ad5 was determined

by ELISPOT. Both the Ad5 NAb

titers and Ad5 CMI responses

were significantly elevated at

week 9 (Mann–Whitney test).

Horizontal line and error bar

indicate the mean ± SEM
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Clinical outcomes

Carcinoembryonic antigen levels in serum at baseline and

week 9 were assessed in patients. Among those with CEA

levels available at baseline and follow-up, three had no

increase in CEA levels at the end of the immunization

period while the remaining patients showed increased CEA

levels. There were three patients with stable disease who

remained so during the 9-week study period. All other

patients experienced some level of progressive disease

(Table 1). Patients in cohorts 1, 2, 3, and phase II who

received at least 2 treatments (n = 25) were followed for

survival and Kaplan–Meier plots and survival probabilities

performed. Patients in cohort 5 (n = 6) have not completed

the 12-month follow-up period and, therefore, were not

evaluated for survival by Kaplan–Meier plots. Six patients

in cohorts 1 and 2 experienced a 12-month survival prob-

ability of 33.3 % (Fig. 4). Nineteen patients in the com-

bined group of cohort 3 and phase II experienced a

12-month survival probability of 52.6 % (Fig. 4). With a

median follow-up of 12 months, all 25 patients as a group

(cohorts 1, 2, 3, and phase II) experienced a 12-month

survival probability of 48 % (Fig. 4). There was no asso-

ciation between Ad5 NAb and survival using Ad5 NAb

both as a continuous variable and as a variable dichoto-

mized between \200 and C200 (P values 0.48 and 0.44,

respectively). These data indicate that preexisting Ad5

NAb did not significantly impact survival outcomes fol-

lowing immunization with the Ad5 [E1-, E2b-]-CEA(6D)

vaccine.

Discussion

Adenoviral vectors have significant potential for use as

cancer therapeutic vaccines because of their propensity to

induce robust adaptive immune responses specifically

against transgene products in general; however, recombi-

nant first-generation Ad5 [E1-] vectors used in homologous

prime/boost regimens have been greatly limited in their

potential efficacy due to the presence of preexisting Ad5

immunity as well as vector-induced immunity [7–10].

Specifically, Ad5-directed immunity mitigates immune

responses to TAA that have been incorporated into earlier
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Fig. 4 Kaplan–Meier survival plots of patients treated with Ad5 [E1-,

E2b-]-CEA(6D). Patients treated at least two times with Ad5 [E1-,

E2b-]-CEA(6D) were followed for survival. Panel a represents 6

patients in cohorts 1 and 2 that were followed for survival. There were

4 events in this group. Panel b represents 19 patients in cohort 3 and

phase II that were followed for survival. There were 9 events in this

group. Panel c represents all 25 patients (cohorts 1,2, 3, and phase II)

that were followed for survival. There were 13 events in this group
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generation Ad5 [E1-]-based platforms [10]. The Ad5 [E1-,

E2b-] platform utilized in the present study was intended to

accommodate a homologous prime–boost regimen, by

avoiding presentation of antigens that are the targets of

preexisting Ad5 immunity [2, 8, 25–28]. Since CEA has

been identified as one of the priority cancer antigens by the

National Cancer Institute [29], we investigated this TAA as

a transgene to be incorporated into the new Ad5 [E1-, E2b-]

vector platform for use as a cancer therapeutic vaccine.

CEA expression in adults is normally limited to low levels

in the gastrointestinal epithelium, whereas CEA is over-

expressed in adenocarcinomas of the colon and rectum and

in many breast, lung, and pancreas cancers [30, 31]. We

chose the HLA A2-restricted CAP1(6D) modification of

CEA because, compared with the wild-type CAP1 epitope,

CAP1(6D) has been shown to enhance the sensitization of

CTLs [19, 20] and has been included in our recent CEA-

based vaccine constructs [32, 33]. Although we did not test

for HLA type because we used full-length CEA that is not

HLA-restricted, A*0201 is the allele observed most fre-

quently in Caucasians (allele frequency 0.2717) and is

common in other populations [34]. However, in expanded

trials, we plan to test patients for HLA type and assess

whether or not there may be a relationship between HLA

type and clinical and/or CMI responses.

Previously, we tested multiple subcutaneous immuni-

zations employing three administrations of a single dose

level (1 9 1010 VP) of this class of Ad5 vaccine expressing

the TAA CEA, (Ad5 [E1-, E2b-]-CEA(6D)) in a preclinical

murine model of CEA-expressing cancer. In mice with

preexisting Ad5 immunity, we demonstrated the induction

of potent CEA-directed CMI responses that resulted in

anti-tumor activity and noted that these CMI and anti-

tumor responses were significantly greater than those

responses induced by a current generation Ad5 [E1-]-based

vector vaccine [12, 16]. We have also demonstrated in

additional animal models (both cancer and infectious dis-

ease targeted) [10, 12–18] that multiple subcutaneous

immunizations with vaccines based on the new Ad5 [E1-,

E2b-] platform induce CMI responses that were superior to

those of current generation Ad5 [E1-]-based vaccines, can

overcome the barrier of Ad5 immunity, and can be utilized

in multiple immunization regimens requiring a generation

of robust CMI responses. In our present report, the greatest

magnitude of CEA-directed CMI responses occurred in

patients receiving the highest dose of the vector. We

observed that a CEA-directed CMI response was induced

in a dose–responsive manner despite the presence of pre-

existing and/or vector-induced Ad5 immunity. We did not

assess CAP1(6D)-specific CMI responses in this phase I/II

clinical study and plan to assess CAP1(6D) and other CEA

epitope-directed CMI responses in our expanded clinical

trials. No CEA-directed antibody responses were observed

either pre- or post-vaccination employing an ELISA tech-

nique [21]. In a preliminary analysis (data not shown), we

also observed a population of polyfunctional CD8? T cells

(those that secrete more than one cytokine when activated)

after immunizations, a sign of greater functionality of T

cells induced by the vaccine. These data support the use of

the Ad5 [E1-, E2b-]-CEA(6D) vector in homologous

prime–boost regimens designed to induce and increase

CEA-directed CMI responses in patients with advanced

colorectal adenocarcinoma, as well as any number of other

vaccine amenable diseases or applications.

Although the precise mechanism(s) of how the Ad5 [E1-,

E2b-] vector platform accomplishes tumor antigen-specific

immune induction in the setting of existing or induced Ad5

immunity is not fully understood at present, we believe

there are factors that contribute to the favorable activity of

this new platform. As compared to earlier generation Ad5

[E1-] vectors containing deletion in the early 1 (E1) gene

region, the Ad5 [E1-, E2b-] vector platform with additional

deletions in the early 2b (E2b) gene region exhibits sig-

nificantly reduced inflammatory responses directed at the

vector [11, 35, 36]. This can result in longer transgene

expression and a reduction in elimination of transgene

expressing cells (e.g., antigen-presenting cells) that would

otherwise occur due to induced inflammatory responses

[35, 37]. Since Ad5 late gene antigen expression is signif-

icantly reduced as compared to earlier generation Ad5

platforms [8, 11], this could enable the Ad5 [E1-, E2b-]

platform to evade Ad5 immune-mediated neutralizing

activity for significantly longer periods of time resulting in

greater longevity and amplification of TAA expression. In

addition, the E2b gene product, polymerase, is a known

target of human cellular memory immune responses to Ad5

infection and its elimination from the vaccine could be

furthering its capability in the setting of preexisting Ad5

immunity [38]. The extended and/or greater expression of

TAA by the vector in this milieu could result in a more

effective immune response against the target antigen.

However, it is also possible that this vector configuration

produces better transgene expression, different biodistri-

bution, or different innate/adaptive immune effects that

impact the effectiveness of this vector, rather than escape

from preexisting immunity.

Our patient demographics, albeit limited in size, com-

pares favorably with previously published studies of

patients with chemotherapy-refractory colorectal cancer

[39–41]. Of interest is the observation that treated patients

in our study exhibited favorable survival probability.

Overall, all 25 patients treated at least two times with Ad5

[E1-, E2b-]-CEA(6D) exhibited a 12-month survival

probability of 48 % and this was achieved despite the

presence of significant levels of preexisting Ad5 neutral-

izing antibody titers. However, the true impact of this new
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immunotherapy on overall survival will only be determined

in a statistically controlled and randomized trial with larger

numbers of patients.

In other clinical trials, immunotherapeutic agents have

been found to increase overall survival without having a

direct impact on time to objective disease progression, a

trend noted in our study as well [1, 42–44]. By engaging the

patient’s immune system, active immunotherapeutics, such

as Ad5 [E1-, E2b-]-CEA(6D), could induce continuous

immunologic anti-tumor responses over a long period of

time that could result in a ‘‘deceleration’’ or alteration in

specific aspects of the rapid growth rate or spread of the

tumor not measured by standard response assessments [39,

45]. Indeed, we have observed slower tumor progression in

Ad5 immune mice harboring established CEA-expressing

tumors following treatment with Ad5 [E1-, E2b-]-CEA(6D)

[12]. Moreover, it has been noted that overall survival might

be the only true parameter for the determination of clinical

efficacy of any potential cancer (immune) therapy [46].

As with any new treatment modality, safety is an

important factor. In this phase I/II trial, we demonstrate

that the Ad5 [E1-, E2b-]-CEA(6D) could be manufactured

to scale, as well be easily and repeatedly administered by

conventional subcutaneous injection techniques. The most

common adverse effects were site of injection reactions

and flu-like symptoms consisting of fever, chills, headache,

and nausea. There was no impact on blood hematology or

serum chemistries, and overall, the treatments were well

tolerated. Specifically, no SAE were noted, and no treat-

ments were stopped due to adverse events, indicating that a

dose limitation to use of Ad5 [E1-, E2b-]-CEA(6D) in this

clinical application had not been met.

These data suggest that patients with advanced colo-

rectal cancer which are treated with Ad5 [E1-, E2b-]-

CEA(6D) do not have serious adverse effects and may

experience extension of life even if they have preexisting

immunity to Ad5; however, this study had a small number

of patients in a trial that was not randomized against a

control population. The results of this trial are encouraging

enough to advance to a large, randomized, single-agent

trial. The observation that some of the patients experienced

an increase in CMI which is dose dependent could be an

indication that this may play a role in their clinical out-

come. We plan to initiate a large multicenter trial which

should give us the opportunity to evaluate in greater detail

the influence of Ad5 [E1-, E2b-]-CEA(6D) treatment on

safety, overall survival, time to progression following

treatment, the levels of induction of CMI, and the rela-

tionship of induced CMI responses with clinical outcome.
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