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Abstract
Purpose: Poxviral vectors have a proven safety record and can be used to incorporate multiple
transgenes. Prior clinical trials with poxviral vaccines have shown that immunologic tolerance to
self-antigens can be broken. Carcinoembryonic antigen (CEA) and MUC-1 are overexpressed in a
substantial proportion of common solid carcinomas. The primary endpoint of this study was vaccine
safety, with immunologic and clinical responses as secondary endpoints.

Experimental Design: We report here a pilot study of 25 patients treated with a poxviral vaccine
regimen consisting of the genes for CEA and MUC-1, along with a triad of costimulatory molecules
(TRICOM, composed of B7.1, ICAM-1, and LFA-3) engineered into vaccinia (PANVAC-V) as a
prime and fowlpox (PANVAC-F) as booster vaccinations.

Results: The vaccine was well-tolerated. Apart from injection-site reaction, no grade II or greater
toxicity was seen in more than 2% of the cycles. Immune responses to MUC-1 and/or CEA were
seen following vaccine in 9 of 16 patients tested. A patient with clear cell ovarian cancer and
symptomatic ascites had a durable (18-month) clinical response radiographically and biochemically,
and one breast cancer patient had a confirmed decrease of > 20% in the size of large liver metastasis.

Conclusions: This vaccine strategy appears to be safe, is associated with both CD8 and CD4
immune responses, and has shown evidence of clinical activity. Further trials with this agent, either
alone or in combination with immunopotentiating and other therapeutic agents, are warranted.
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Introduction
Carcinoembryonic antigen (CEA) is overexpressed in the vast majority of gastrointestinal
cancers and in a substantial proportion of lung, breast, and other types of carcinoma. MUC-1,
another tumor-associated antigen (TAA), is overexpressed in the vast majority of
gastrointestinal, lung, breast, and ovarian cancers. An effective vaccine that targets both of
these TAAs could be a therapeutic agent for a wide array of common solid tumors. Previous
clinical trials employing vaccines directed against MUC-1 or CEA individually have shown
safety and ability to generate immune responses (1-7).

We have incorporated these 2 TAAs in a poxviral vaccine strategy. Preclinical and clinical
studies have shown that immune responses to TAAs encoded by vaccinia plateau after 1 or 2
vaccinations due to neutralizing antibodies (8,9). However, avipox vectors such as fowlpox
are replication-defective and do not make viral coat proteins within mammalian cells. They
therefore induce little to no neutralizing antibody response, allowing for a progressively better
immune response to TAAs encoded by the vector (4). Poxviral vectors containing TAA have
been shown to overcome immunologic tolerance to self-antigens. Two vectors, vaccinia and
fowlpox, have been engineered to express both CEA and MUC-1, with a single amino acid
substitution in each gene designed to make the gene product more immunogenic (5,6). The use
of agonist epitopes within the TAA has been associated with clinical responses (7,10,11).
Vectors directed against multiple TAAs may evoke additive or synergistic immune responses
and could play an important role in overcoming antigenic escape variance.

These vectors have also been engineered to express a triad of human T-cell costimulatory
molecules called TRICOM, which is composed of B7.1, ICAM-1, and LFA-3. Preclinically,
TRICOM vectors have been shown to generate higher numbers of TAA-specific T cells and
to greatly increase the avidity of those cells (12). These high-avidity T cells can efficiently kill
tumor cells, which translates into greater antitumor responses than with the identical vaccine
strategy without TRICOM (13). These vaccines are given in a diversified prime-and-boost
strategy that has proven to be superior to single vector strategies at generating immune
responses, which may translate into improved clinical responses (4,14,15). In addition, each
vaccine is given with granulocyte-macrophage colony-stimulating factor (GM-CSF), which in
previous studies has not been associated with significant toxicity, and has been shown in
numerous preclinical and clinical trials to enhance primary immune responses due to enhanced
antigen-presenting cell (APC) efficiency (4,16-19). The dose, route, and schedule of GM-CSF
are designed to induce migration of dendritic cells (DCs) to the vaccine site and subsequent
maturation of the DCs.

Previous studies have shown that poxviral vaccine strategies can be used safely in patients with
advanced cancer, can overcome immunologic tolerance, and have been associated with clinical
benefit in some patients (7,8,11). Here we report a pilot study of 25 patients treated with a
poxviral vaccine consisting of genes for the TAAs CEA and MUC-1, along with TRICOM
(designated PANVAC). Patients were vaccinated with PANVAC engineered into recombinant
vaccinia (PANVAC-V) as a prime and recombinant fowlpox (PANVAC-F) as multiple booster
vaccinations. This represents the first published report of this vaccine. While a corporate-
sponsored phase III study1 in patients with advanced pancreatic cancer treated with PANVAC
vaccine as second-line therapy failed to improve survival, PANVAC vaccines have not yet
been evaluated in a range of carcinomas and, perhaps more importantly, in patients with an
expected survival of > 3 months. Results of the study reported here demonstrate the safety of
the vaccine and development of both immunological and clinical responses in some patients.

1http://www.medicalnewstoday.com/articles/46137.php
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Patients and Methods
Patient selection and trial design

Twenty-five patients with CEA- or MUC-1-expressing metastatic cancers who had progressive
disease following standard chemotherapy were enrolled in a pilot trial approved by the National
Cancer Institute (NCI) Institutional Review Board and conducted at the NCI. The study was
designed to evaluate the safety of this regimen. Because immunologic response was an
important secondary endpoint of this trial, with the ELISPOT assay as the readout, all patients
after the initial 9 enrolled for safety were required to be HLA-A2-positive. Patients needed to
be Zubrod performance status 0 or 1 and have adequate hematological, hepatic, and renal
function. In addition, patients were required to have no evidence of an immunocompromised
state as defined by nonreactive HIV testing, no diagnosis of altered immune function, no prior
radiotherapy to > 50% of nodal groups, no prior splenectomy, and no concurrent steroid use.
Prior vaccinia exposure (i.e., smallpox vaccination) was not required. Since all patients were
at least 38 years old, each would have had one or more prior smallpox vaccinations.

Exclusion criteria included known allergy to eggs; history of or active skin disorders such as
eczema, extensive psoriasis, varicella zoster, impetigo, or burns; history of seizures; serious
intercurrent illnesses; noncutaneous malignant process; and close contact with
immunocompromised individuals, individuals with the above-mentioned skin conditions, or
children under 5 years of age. All patients gave written informed consent in accordance with
federal, state, and institutional guidelines and the principles embodied in the Declaration of
Helsinki.

Vaccine formulation and treatment plan
Both of the viral vaccine products were manufactured by Therion Biologics Corporation
(Cambridge, MA) as part of a Collaborative Research and Development Agreement between
Therion and the Laboratory of Tumor Immunology and Biology, NCI. Vaccines were provided
by the Cancer Therapy Evaluation Program, NCI. PANVAC-V [Recombinant-Vaccinia-CEA
(6D)/MUC-1(L93)/TRICOM] (NSC #727026) was prepared from virus derived from the
Wyeth (New York City Board of Health) strain of vaccinia, selected for its favorable toxicity
profile. PANVAC-V was constructed by inserting the genes for human CEA, MUC-1, B7.1,
ICAM-1, and LFA-3 into the viral genome. PANVAC-F [Recombinant-Fowlpox-CEA (6D)/
MUC-1(L93)/TRICOM] (NSC #727027) was constructed by inserting the identical transgenes
into the replication-defective avian fowlpox virus. All patients received the same dose and
schedule of vaccine. The priming vaccine consisted of 2 × 108 PFU of PANVAC-V
administered s.c. The boosting vaccine was given on or about days 15, 29, and 43, then every
28 days while on study. Sargramostim 100 μg was given the day of each vaccine and for 3
consecutive days following. A sterile, nonadherent dressing (i.e., Telfa®) was used to cover
the site.

Patients were seen at least monthly while on study. Complete interval histories, physical
examinations, blood chemistries, hemograms, and serum tumor markers were obtained. All
patients were evaluated for toxicity by the NCI Common Toxicity Criteria version 3 and the
vaccinia toxicity grading scale previously published (8). Patients had their first restaging at
approximately day 71, with subsequent restaging exams approximately every 56 days
thereafter.

Collection of PBMCs
Apheresis was performed twice—prior to vaccine and around day 71. Briefly, 5 × 108–2 ×
109 mononuclear cells were obtained by a single-access “4-pass” mononuclear cell procedure
on the Haemonetics V50 instrument (Haemonetics Corp., Braintree, MA), during which 2.0 L
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of whole blood were processed at a flow rate of 70–80 mL/min. At the other monthly intervals,
peripheral blood mononuclear cells (PBMCs) from 60 mL of blood were collected in
heparinized tubes. The mononuclear fraction of both apheresis packs and tubes was separated
by Ficoll-Hypaque density gradient separation, washed 3 times and frozen in 90% heat-
inactivated human AB serum and 10% DMSO in liquid nitrogen at a concentration of 1 ×
107 cells/mL until assayed.

Generation of T-cell cultures
A modification of the protocol described by Tsang et al. (6) was used to generate CEA-specific
T-cell cultures. DCs were prepared using a modification of the procedure described by Sallusto
et al. (20). Irradiated (3000 rad) autologous DCs were used as APCs. Autologous nonadherent
cells were stimulated in the presence of autologous DCs pulsed with peptides at a concentration
of 10 μg/mL at an effector:APC ratio of 10:1. Cultures were maintained for 3 days in medium
containing 10% human AB serum, and 4 additional days in the same medium supplemented
with 20 U/mL of recombinant human IL-2. After a 7-day in vitro stimulation (IVS) cycle, cells
were restimulated as described above for a total of 2 IVS cycles. T cells were assayed at IVS-2.

A MUC-1 specific T-cell line was established from day 70 postvaccination samples from
patient 22, as above. For cytokine assay, this T-cell line was used at IVS-3 and autologous DCs
were used as APCs. Peptides were used at a concentration of 20 μg/mL. The 48-h culture
supernatants were assayed for IFN-γ production.

Tetramer staining
The streptavidin-phycoerythrin (PE)-labeled tetramers used in this study were obtained from
Beckman Coulter (Fullerton, CA). All peptides used for tetramer preparation were made by
Biosynthesis, Inc. (Lewisville, TX), with a purity of > 90%. CEA-tetramer (YLSGADLNL-
tetramer) and HIV Gag-tetramer (SLYNTVATL-tetramer) were used in this study. PBMCs (1
× 106) were stained with 10 μL of tetramer and anti-CD8-FITC antibody (BD Biosciences, San
Jose, CA) for 30 min at room temperature in the dark, followed by 2 washes with FACS buffer,
then fixed in PBS with 0.5% formaldehyde. Cells were then analyzed using a FACScan and
the CELLQuest program (BD Biosciences). Data gathered from 100,000 cells were stored and
used to generate results.

Intracellular staining for IFN-γ
Intracellular cytokine (ICC) flow cytometry assays were performed following the method
described by Maecker et al. (21). Briefly, PBMCs were thawed and rested overnight in
complete RPMI-1640 growth medium (Mediatech, Inc., Herndon, VA) with 10% human AB
serum. 2 × 106 PBMCs in 0.2 mL complete RPMI-1640 with 10% human AB serum were
plated in 96-well round-bottom plates (Millipore Corporation, Bedford, MA). Cells were
stimulated with flu peptide (1 μg/mL), HIV Gag peptide (10 μg/mL), or CAP1-6D peptide (10
μg/mL) for 2 h at 37°C. Anti-CD28 and anti-CD49d antibodies were added to all tubes.
Brefeldin A (10 μg/mL) (BD Biosciences) was added and incubated for an additional 4 h at
37°C. Cells were then harvested and stained for IFN-γ-FITC/CD69-PE/CD8-PerCPCy5.5/
CD3-APC using a BD FastImmune CD8 ICC detection kit (BD Biosciences). Samples were
analyzed in an LSR II with FACSDiVa software (BD Biosciences). Results were expressed in
percentage of CD3+/CD8+/CD69+ T cells that were IFN-γ-positive.

ELISPOT assay
Measurement of CD8 immune responses in HLA-A2-positive patients was conducted by
performing an ELISPOT assay using C1R-A2 cells as APCs, as previously described (22).
ELISPOT measures the frequency of T cells releasing IFN-γ in response to a CEA peptide
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(CAP1-6D) (YLSGADLNL), a MUC-1 native peptide (ATWGQDVTSV), an HIV gag peptide
(SLYNTVATL) and a flu peptide (GILGFVFTL) in pre- and postvaccination PBMCs. A
positive response was scored as ≥2 fold increase in IFN-γ secreting cells.

Measurement of CD4 antigen-specific responses
CD4+ T cells (2 × 105/well) were mixed with irradiated APCs in the presence of various
concentrations of CEA peptide or CEA protein (AspenBio Pharma, Littleton, CO) in 48-well
culture plates. The CD4+ CEA peptide used in this study was described by Kobayashi et al.
(23). This CD4+ T-cell epitope was selected from the amino acid sequence of CEA using the
algorithm tables from 3 HLA-DR alleles (DRB1*0101, DRB1*0401, and DRB1*0701)
described by Southwood et al. (24). The CEA peptide selected (YACFVSNLATGRNNS) was
synthesized by Bio-Synthesis, Inc. with purity > 95%. Flu protein and myoglobulin (Sigma,
St Louis, MO) were used as controls. Autologous DCs were used as APCs (2 × 104/well).
Culture supernatants were collected after 48 h for measurement of IFN-γ using ELISA kits.

Detection of cytokines
Supernatants of T cells stimulated for 24 h with peptide-pulsed autologous Epstein-Barr virus-
transformed B cells, in IL-2-free medium at various peptide concentrations, were screened for
secretion of IFN-γ using an ELISA kit (BioSource International, Camarillo, CA).

Serological analysis
To detect if antibodies were generated against CA-125, serum was collected from patient 22
prior to the first vaccination and on day 377 following a year of monthly vaccinations. These
serum samples were then cryopreserved. Anti-CA-125 antibody (IgG) was quantified in the
serum by FACS capture assay, as previously described (7,25), with the following
modifications: Ovarian carcinoma cells SKOV3 (CA-125+; ATCC, Manassas, VA) were
preincubated with 10% normal AB serum (Gemini Bioproducts, Sacramento, CA) and then
used as the capture cells following fixation and permeabilization (Cytofix/Cytoperm, BD
Biosciences). Capture cells were incubated for 60 min with dilutions of patient sera or positive
control mAb anti-CA-125 (clone M8072322l; Fitzgerald, Concord, MA). After washing, cells
were stained with anti-IgG-FITC. Antibodies were quantified by flow cytometry analysis.
Detection limit was 100 ng/mL.

Titration of serum antibodies
Anti-vaccinia and anti-fowl pox (IgG) were quantified from the serum of each patient by ELISA
essentially as previously described (26). Briefly, Immunlon 4 plates (Dynex Technologies,
Chantilly, VA) were coated with vaccinia virus (5 × 104 pfu/well), fowlpox virus (5 × 104 pfu/
well), or DPBS (Mediatech, Herndon, VA) and held at 4°C until use. Plates were blocked with
5% BSA in PBS for 1 h at 37°C. The plates were incubated with serum serially diluted from
1:50 to 1:6250, as well as normal human serum or mouse anti-fowlpox antiserum as controls,
for 24 h at room temperature. Plates were washed several times with PBS containing 1% BSA
and incubated at 37°C for 1h with horseradish peroxidase-conjugated goat antihuman IgG (Fc)-
specific antiserum (1:4000) or horseradish peroxidase-conjugated goat anti-mouse IgG (H&L)-
specific antiserum (1:4000) for test samples or positive controls respectively. Antibody was
detected by a TMB substrate kit (Pierce, Rockford, IL) according to the manufacturer's
instructions. The absorbance of each well was read at 450 nm using a Bio-Tek EL310
microplate ELISA reader (Winooski, VT). Vaccinia and fowl pox antibody IgG titers were
based on a blanked absorbance of 0.5 and 0.4 respectively.
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Fowlpox virus neutralization
Patient serum was diluted 1:50 in DMEM 10% FBS containing 4 × 106 pfu recombinant
fowlpox murine B7-1 (rF-mB7-1) and incubated for 1 h at 4°C. Normal human serum with or
without rF-mB7-1 was used for controls. MC38 murine colon adenocarcinoma cells (27) (2 ×
105) were added to all samples and incubated overnight at 37°C with 5% CO2. Cell surface
expression of murine B7-1 was performed as previously described (28). Briefly, cells were
stained with a primary PE-labeled anti-murine B7-1antibody (Becton Dickinson) and cell
fluorescence was analyzed and compared with isotype-matched controls using a FACScan
cytometer (Becton Dickinson).

Results
Baseline characteristics are outlined in Table 1. The median follow-up is 26 months. Patients
in this study were heavily pretreated, with 9 of 25 having 3 or more prior chemotherapy
regimens. The vaccine was well-tolerated (Supplementary Table S1). Apart from injection-site
reaction, grade 2 or greater toxicity attributed to vaccine was seen in < 3% of vaccine cycles.
During a flu-like illness that precipitated poor oral intake for 24 h, one patient had a transient
witnessed syncope. On subsequent readministration of the vaccine alone on an inpatient basis,
no hypotension, presyncope, or other systemic symptoms were observed in this patient.

Immune outcomes
Eight HLA-A2-positive patients who had completed the first 4 vaccinations were analyzed for
evidence of CD8-mediated immune response to an HLA-A2-restricted CEA peptide. T-cell
responses in those patients were evaluated before vaccine (designated as pre) compared with
1 month after the fourth vaccine (designated post-4; about days 69 to 84), by performing 3
different immune assays:(a) ELISPOT assay for IFN-γ; (b) CEA-tetramer staining; and (c) ICC
staining for IFN-γ. In the absence of IVS, PBMCs from all 8 patients showed no CEA-specific
CD8 immune responses. After being stimulated in vitro in the presence of the HLA-A2-
restricted CEA peptide CAP1-6D for 2 cycles, T cells from 3 of 8 patients demonstrated a
substantial increase in postvaccine (but not prevaccine) CEA-specific CD8 immune responses
by ELISPOT assay (Fig. 1). Moreover, the percentage of CEA-tetramer-positive T cells, as
well as intracellular cytokine staining for IFN-γ-positive cells, was enhanced postvaccination
(but not prevaccination) in these 3 patients (Fig. 1 and Supplementary Fig. S1A and B). All
samples were negative for responses to an HIV peptide pre- and postvaccination (Fig. 1).

ELISPOT assays were also performed on an HLA-A3 gastric cancer patient (patient 1) pre-
and postvaccination using a CEA HLA-A3 binding peptide (CAP-7) (6). The results show that
the precursor frequency of CEA-specific T cells was < 1/200,000 prevaccination. The precursor
frequency of CEA-specific T cells was 1/33,333; 1/85,714; 1/35,294, and 1/54,545 at day 12,
day 39, day 69, and day 154 postvaccination, respectively.

We also evaluated CD4 immune responses in 15 patients included in the study, using CEA
protein as antigen, by comparing prevaccination and post-4-vaccination (approximately day
70) samples. CEA class II peptides for DRB1*0701 were used in the assay, in addition to CEA
protein, for patients with DRB1*0701 allele. CD4+ T cells were isolated from pre- and
postvaccination PBMCs and stimulated with autologous DCs pulsed with CEA protein. Flu
protein (data not shown) and myoglobin protein were used as positive and negative controls,
respectively. Results are shown in Table 2. Six of the 15 patients (patients 8, 9, 13, 15, 19 and
23) with undetectable levels prevaccination showed measurable levels of IFN-γ in response to
CEA protein, but not to myoglobin. Patient 22 had a preexisting CD4 response that increased
slightly with respect to IFN-γ production postvaccination. All 15 patients had positive immune
response to flu protein pre- and postvaccination, with the exception of the prevaccination
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sample from patient 19. Five patients had the DRB1*0701 allele. A CEA class II peptide for
DRB1*0701 was used to detect CD4 immune response in these patients pre- and
postvaccination. Three of 5 patients (patients 8, 9, and 14) with undetectable levels
prevaccination showed measurable levels of IFN-γ in response to CEA peptide, but not to the
negative control HIV class II peptide (Table 2). Two of these 5 patients with positive immune
response to the CEA class II peptide postvaccination also had a positive immune response to
CEA protein.

Immune responses pre- and postvaccination to MUC-1 were also evaluated using the ELISPOT
assay. Four of 14 patients were positive for the generation of MUC-1 specific T cells
postvaccination. All patients were negative (<1 in 200,000) prior to vaccination. Patients 6, 8,
9 and 14, however, had frequencies of MUC-1 specific T cells of 1/20,000, 1/10,000, 1/6,666
and 1/4,000 post- vaccination. A MUC-1 specific T-cell line was also generated from PBMC
of patient 22 using the agonist MUC-1 peptide pulsed autologous dendritic cells. This T-cell
line was capable of producing 392 pg IFN-γ/ml/106 cells in response to the MUC-1 peptide
but not the control PSA peptide.

The results of patient responses to CEA peptide and/or protein and MUC-1 peptide are shown
in Supplementary Table S2. Nine of 15 patients were positive for immune responses to either
CEA or MUC-1. Eight of 15 patients were positive for CEA, while four of 14 were positive
for MUC-1. Six of 14 patients were negative for responses to both antigens and three of 14
patients were positive for responses to both antigens. Patient 22 had a preexisting response to
CEA, as shown in Table 2.

Studies were also conducted to determine the immune response to both the vaccinia and the
fowlpox vectors pre- and postvaccination. Since all of the patients in the study were over 35
years old, they had at least one prior smallpox vaccination. Thus it is not surprising that the
vast majority of patients, i.e., 17 out of 20, had preexisting antibodies to vaccinia. Immune
responses to vaccinia went up postvaccination in most patients (Supplementary Table S3). All
20 patients analyzed were negative for antibodies to fowlpox prior to vaccination. The ability
to mount an immune response to fowlpox is thus a good indicator of the generalized immune
status of patients. Most patients mounted an immune response to fowlpox postvaccination. It
is important to point out that none of these patients mounted neutralizing antibodies to fowlpox.
There was also no correlation or trend toward the ability of patients to mount immune responses
to the antigen in the vaccine and their ability to mount an immune response to fowlpox
(Supplementary Table S3).

Clinical outcomes
Table 3 describes the clinical outcomes of patients in this study. Patient 22 is a 42-year-old
female who initially presented with stage IIIc clear cell ovarian cancer. Prior treatment included
standard tumor debulking followed by a clinical trial with carboplatin, paclitaxel, and
cetuximab. Within 4 months after chemotherapy the CA-125 began to rise rapidly (Fig. 2),
coinciding with the development of ascites associated with substantial gastrointestinal
complaints. This patient enrolled on study and by day 16 noted decreased abdominal distension.
By the end of the first month of treatment, the early satiety and bloating had substantially
improved, the ascites had completely resolved on physical exam, and the patient's weight had
decreased by 6 kg. Six weeks into treatment the patient's gastrointestinal symptoms had
resolved completely. The first restaging confirmed the absence of ascites and showed a marked
improvement in the mesenteric stranding often seen in metastatic ovarian cancer (Fig. 3A and
B). Serum from this patient was tested for antibodies specific for CA-125. There was no
detectable IgG (any class) in the serum either pre- or postvaccination (day 377). She had
evidence of both CEA-specific T cells and MUC-1-specific T cells. During her enrollment on
study she remained symptom-free on vaccine, with no recurrent ascites or mesenteric stranding,
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and prolonged normal CA-125. Eighteen months after initiating vaccine, her CA-125 started
to increase. This corresponded with an area of uptake in the sternum and liver seen on PET
scan. Although she had no lesions greater than 1 cm on CT scan, she was taken off study. Three
months after coming off study, she died with apparent gram-negative sepsis, although this
finding is not conclusive. Her remains were autopsied at the NIH and the examination revealed
that most areas of tumor had extensive areas of necrosis and/or fibrosis, consistent with her
clinical course. There was no evidence of immune-related damage to any normal tissues.

Patient 8 is a 67-year-old female who presented with metastatic breast cancer and multiple
bulky liver metastases. In the 14 months prior to trial she was treated with a series of hormonal
therapies, but nonetheless had a steady increase in CA27.29 from 81 U/mL to 883 U/mL
(doubling about every 3 months). The 5 index lesions identified on CT at baseline were
measured per RECIST guidelines. The sum of unidimensional measure of these lesions was
12 cm. At her first restaging, this sum had decreased by 21%, and immune responses were seen
to both CEA and MUC-1 (Table 2 and Supplementary Table S2). By her second restaging (day
127), index lesions had decreased by 24% from baseline, however at the third restaging, they
had returned to baseline. These restagings were accompanied by a decrease in CA27.29 from
657 U/mL on study to 435 U/mL then 441 U/mL before rising as high as 1160 U/mL when
she came off study.

A number of patients had prolonged survival after coming off trial, and several patients had
somewhat unexpected clinical responses to subsequent therapies. In light of previous studies
showing enhanced effects of chemotherapy following treatment with vaccine (29-32), we
thought it prudent, where possible, to document clinical responses following vaccine therapy:
(A) Patient 1, who had metastatic gastric cancer previously treated with 3 cycles of
capecitabine, oxaliplatin, and epirubicin, which were poorly tolerated, was on trial for 5 months
before coming off for development of symptomatic ascites. As described above, it was
demonstrated that she developed a 6-fold increase in CEA-specific T cells postvaccination.
Following protocol, patient 1 received fluorouracil, leucovorin, and bevacizumab, which led
to decreased ascites and a prolonged stable course. She survived for 21 months following
initiation of trial. (B) Patient 8 (breast cancer) had a positive response to single-agent
capecitabine following vaccine, with a decrease in CA27.29 from 1679 to 421 and a decrease
in CEA from 22.1 U/mL to 8 U/mL. Upon progression, she began taking paclitaxel and
bevacizumab and has remained on this regimen for 15 months, during which time she has had
a decrease in CA27.29 from 1839 U/mL to 76 U/mL. (C) Patient 13 (colon cancer) had a
remarkable decrease in CEA from 297 U/mL to 7 U/mL on 5-fluorouracil, leucovorin,
oxaliplatin, and bevacizumab following vaccine. (D) Patient 10 had a similar decrease in CEA
from 118.7 U/mL to 50 U/mL on 5-fluorouracil, leucovorin, oxaliplatin, and bevacizumab
following vaccine; however, chemotherapy had to be discontinued. This patient's CEA
continued to decline off chemotherapy to a nadir of 25 U/mL.

Three patients who were without radiographic evidence of disease at initiation of trial remain
without evidence of disease 18 months or more since being enrolled. Their clinical course is
as follows: (A) Patient 6 was originally diagnosed with a 6 × 4-cm invasive, moderately
differentiated Duke's C adenocarcinoma with 4 of 22 lymph nodes positive. He underwent
adjuvant fluorouracil and leucovorin chemotherapy for 6 months, followed by irinotecan
chemotherapy for 4 months. Twenty months later he was found to have a liver lesion, which
was resected. He subsequently enrolled on study and has remained on study for 30+ months.
(B) Patient 7 was found to have a pelvic mass and pleural effusion. She underwent a total
abdominal hysterectomy and bilateral oophorectomy. Pathology revealed metastatic, poorly
differentiated signet cell cancer of the appendix, with omental and ovarian involvement. She
then underwent a right hemicolectomy, which confirmed a poorly differentiated T4N1M1
cancer. She underwent adjuvant chemotherapy with 6 cycles of fluorourical, leucovorin, and
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oxaliplatin, followed by 2 more cycles with fluorourical and leucovorin, then 1 month of
capecitabine. One month after stopping capecitabine, she was enrolled on study and has
remained on study for 29+ months. (C) Patient 25 was originally diagnosed with a stage III
capillary serous-appearing ovarian carcinoma and underwent debulking followed by 6 cycles
of carboplatin and paclitaxel. A second-look operation revealed microscopic residual disease,
and the patient underwent 4 cycles of intraperitoneal cisplatin chemotherapy. During that time
her CA-125 dropped from 15 U/mL to 6 U/mL. She enrolled on study 4 months later and has
remained on study for 19+ months. Her CA-125 has remained at or below 6 U/mL while on
study.

Discussion
The study reported here was the first NCI-sponsored study of PANVAC-VF and the first trial
of its use other than in patients with endstage pancreatic cancer (33). This trial demonstrates
the safety of this vaccine and provides evidence of clinical benefit in some patients. In a small
trial with a variety of tumor types, as reported here, it is difficult to determine the true level of
vaccine activity. The majority of patients with multiple prior chemotherapy regimens and
advanced metastatic disease had progressive disease at first restaging. For patients who
presented with no evaluable disease, the median time to progression was 6 months (range, 2
to 27+ months). However, several patients did have clear evidence of clinical benefit. Breast
cancer that metastasizes to the liver is generally very aggressive and relatively resistant to
treatment (34,35). Thus, stabilization or shrinkage in liver metastasis suggests clinical activity.
Although patient 8 (breast cancer) did not meet RECIST response criteria in the 5 bulky index
lesions in her liver, if one assumes that her lesions were spheres, a decrease of 24% would
equate to a decrease of over 50% in tumor volume. Furthermore, during the 6-month period of
stable disease, she had no symptoms from either disease or treatment.

There is even clearer evidence of antitumor activity from the vaccine in patient 22, who had
clear cell ovarian cancer, which is associated with poor prognosis and is largely unresponsive
to systemic therapy. She was also platinum refractory, with a rapidly rising CA-125 within 4
months following chemotherapy (the Gynecologic Oncology Group recommends using the
tumor marker CA-125 as a formal response criterion following therapy of ovarian cancer)
(36-38). Her ascites and associated symptoms completely resolved within the first 6 weeks of
vaccine therapy, and her CA-125 went from 284 U/mL on study to 351 U/mL, then dropped
within normal limits by 2 months, where it remained until 18 months on study (Fig. 2). During
the patient's time on trial, 3 retroperitoneal lymph nodes detected on CT scan were 1.5–2.1 cm,
but given her dramatic clinical response she remained on trial, and the size of all affected lymph
nodes subsequently decreased to < 1 cm. The increased lymph node size may have been a
reaction to vaccine (the patient also had inguinal adenopathy that transiently increased
following each injection in alternating thighs), or may represent an influx of TAA-specific T
cells into lymph nodes involved with tumor. A PET scan done about day 180 demonstrated
uptake in 2 lesions, corresponding to 2 retroperitoneal lymph nodes on CT. These had
standardized uptake values of 4.6 (1-cm lymph node) and 2.9 (1.6-cm lymph node)—a level
of activity that can be seen with an inflammatory lymph node (39). On autopsy, lymph nodes
taken from those areas showed fibrosis consistant with a previous inflammatory process. Other
studies have identified lymph nodes that increased in size following vaccination and later
decreased (39,40). These findings should be taken into consideration by investigators
conducting immunotherapy trials who consider removing a patient from trial based solely on
an enlarging lymph node, when the patient has an otherwise improving clinical picture.

A previous corporate-sponsored clinical trial employing PANVAC in patients with second-
line pancreatic cancer showed no clinical benefit compared with standard treatment options.
Patients with advanced pancreatic cancer have a median overall survival of < 3 months (41,
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42). To date, numerous randomized clinical trials employing a variety of chemotherapeutic
agents or combinations of agents have failed to significantly increase survival in this patient
population (43). Preclinical and clinical data have provided evidence that cancer vaccines are
most effective in patients with either early-stage disease or low tumor burden, and when given
prior to or in combination with conventional chemotherapy, hormone therapy, or radiation.
Thus, poor results in a phase III trial in patients with metastatic pancreatic cancer who have
failed frontline treatment is more a failure of clinical trial design than of potential vaccine
efficacy in other disease settings.

A unique and intriguing aspect of vaccine therapy is its ability to initiate a dynamic process of
host immune response that may be exploited in subsequent therapies. Several clinical studies
have provided evidence of this phenomenon. In a phase I study at the Dana-Farber Cancer
Institute (30), 17 patients with advanced-stage progressive cancer received a plasmid/
microparticle vaccine directed against cytochrome P4501B1, which is overexpressed on most
tumors. Ten of 11 patients who failed to develop immunity to the vaccine progressed on
subsequent therapies. In contrast, 5 patients who did develop immunity to vaccine unexpectedly
showed marked responses to salvage therapy administered on progression. In most cases,
salvage therapy lasted at least a year.

This phenomenon was also exemplified in a follow-up study from patients who received a
vaccine (sipuleucel-T) or placebo for advanced prostate cancer (44). After progressing on
study, patients who received docetaxel chemotherapy were followed. There was a striking and
statistically significant increase in overall survival with docetaxel treatment in patients having
had prior vaccine (n = 51) vs. placebo (n = 31) (32). The median survival was 34.5 months for
patients who received vaccine followed by docetaxel. In contrast, the median survival was 25.4
months for patients who received placebo and subsequent treatment with docetaxel, a 9.1-
month difference (P = 0.023, HR 1.9). These groups appeared to be well balanced based on
their baseline prognostic factors, using an independently validated predictive nomogram (45).

It is tempting to speculate that chemotherapy can augment immune responses through a variety
of mechanisms. These could include destruction or decreased function of regulatory elements
within the immune system (e.g., regulatory T cells), apoptosis of tumor cells in a way that
stimulates the immune system, a decrease in immune regulatory substances elaborated by
tumor cells, and alteration of the phenotypic characteristics of tumor cells, making them more
amenable to immune-mediated recognition and destruction. Indeed, these mechanisms have
been demonstrated in a variety of preclinical studies (46-52).

Tumor antigen-associated T-cell effector function was monitored in a selected number of
vaccinated patients included in this study by using ELISPOT, peptide-MHC tetramer binding,
and intracellular cytokine flow cytometry assays, all of which have been recommended for
immune monitoring to detect antigen-specific CD8-positive T cells in cancer immunotherapy
trials by a workshop sponsored by the Society for Biological Therapy (53). The ELISPOT is
a functional assay that detects individual T cells that secrete cytokines such as IFN-γ upon
stimulation with a specific antigen in an MHC-restricted manner. Peptide-MHC tetramer assay
measures the binding of peptide-MHC tetramers to antigen-specific T cells via the T-cell
receptor. Intracellular cytokine assay quantifies functional antigen-specific T cells and
determines the phenotype of T cells secreting the cytokine using multicolor flow cytometry.
In the study reported here, by using T cells following 2 CEA peptide restimulation cycles, all
3 assays detected CEA-specific CD8 T cells in the blood of 3 of 8 postvaccination samples and
0 of 8 prevaccination samples.

It should be pointed out that the ELISPOT assay for CEA employed the agonist epitope, which
is also present in the TRICOM vaccine. We have previously shown, however, that T cells
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generated using the agonist peptide will recognize the native CEA peptide. More importantly,
we have also previously shown that CTL generated against the agonist CEA peptide were
capable of lysing human cells that endogenously express CEA (54,55). The ELISPOT assay
for the MUC-1 peptide used the native MUC-1 epitope.

In addition, CEA-specific CD4 responses were detected in 8 of 16 patients analyzed, as
measured by IFN-γ production by CD4 T cells after stimulation with CEA protein or peptide.
Although absolute levels of IFN-γ were low without IVS (22 to 168 pg/mL), they were similar
to the flu protein control (36 to 130 pg/mL). These results demonstrate that both CD8 and CD4
CEA-specific T-cell responses were increased postvaccination. A previous trial with CEA-
TRICOM vaccines demonstrated significant generation of CEA-specific immune responses in
the majority of patients treated, without the need for in vitro stimulation of the patients' PBMCs
(7). One possible explanation is that the patients in this trial had more prior chemotherapy,
especially given recent advances in chemotherapy options for metastatic colorectal cancer.
This is important, as it has previously been shown that the number of prior chemotherapy
regimens correlates inversely with the ability of the patient to mount an immune response
(56).

It is possible that time to progression in advanced metastatic disease will not reflect the true
clinical benefit of an active immunotherapy. One recently published phase III clinical trial
showed no significantly improved time to progression, but did show statistically significant
and clinically meaningful improvement in overall survival in patients with metastatic cancer
(44). If long-term, effective antitumor memory is achieved, any subsequent therapy could not
only have direct antitumor activity, but could further activate the primed immune system with
dying cells. Furthermore, nonspecific tumor-directed cytotoxic therapy (e.g., chemotherapy or
radiation therapy) could target T-regulatory cells and thus change the balance to a more active
antitumor immune response. Finally, subsequent therapy could lead to alteration of the
phenotypic characteristics of tumor cells, making them more amenable to immune-mediated
recognition and killing.

This trial demonstrates that PANVAC-VF is safe and is associated with the generation of CD8
and CD4 antigen-specific immune responses postvaccination. These immune responses were
seen in more than half of patients tested. Furthermore, this trial provides early evidence of
clinical benefit. Based on the encouraging clinical course of several patients in this trial, we
have initiated a pilot study for ovarian cancer patients and breast cancer patients to gain more
information on which to base a large clinical endpoint study.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
Identification of CEA-specific T cells in patients pre- and postvaccination by ELISPOT assay,
CEA-MHC-tetramer binding, and intracellular cytokine (ICC) analysis. Effectors were used
at IVS-2 (see Patients and Methods). Results are expressed as frequency of IFN-γ-producing
cells (ELISPOT assay), % of tetramer binding cells (tetramer binding assay), or % intracellular
IFN-γ-positive cells (ICC staining assay), respectively.
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Fig. 2.
Serum CA-125 levels from a 42-year-old patient (# 22) with platinum-refractory clear cell
ovarian cancer who received PANVAC-V on day 1, followed by multiple boosts with
PANVAC-F (vaccinations designated by arrows). The CA-125 level decreased from a peak of
351 U/mL to less than 10 U/mL out to 18 months on study.
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Fig. 3.
Representative sections (A and B) from a CT scan on baseline and day 71 after initiation of
vaccination for patient 22 (ovarian cancer). Baseline study reveals ascites (arrows) and
mesenteric stranding, both of which are absent at day 71 and all subsequent restagings.
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Table 1
Patient data

Patient baseline characteristics
Median age 57 (range 35-70)
Gender

No. of
patients

     Female 8

     Male 17

Performance status

     ECOG 0 9

     ECOG 1 16

Prior therapy

     Chemotherapy (1 regimen) 7

     Chemotherapy (2 regimens) 9

     Chemotherapy (≥3 regimens) 9

     Radiation 5

     Metastectomy 9

Primary tumor

     Colorectal 10

     Gastric 3

     Pancreatic 2

     Appendiceal 2

     Esophageal adenocarcinoma 1

     Ovarian 3

     Breast 2

     Lung 2
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