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Abstract MUCI is a glycoprotein overexpressed in tu-
mors as a hypoglycosylated form. A vaccine composed
of a 100—amino acid peptide corresponding to five 20—
amino acid long repeats, and SB-AS2 adjuvant, was
tested in a phase I study for safety, toxicity, and ability
to elicit or boost MUCI-specific immune responses.
Patients with resected or locally advanced pancreatic
cancer without prior chemotherapy or radiotherapy
were eligible. Escalating doses of the peptide (100, 300,
1,000, and 3,000 pg) were admixed with SB-AS2 and
administered intramuscularly every 3 weeks for three
doses, in cohorts of four patients. Sixteen patients were
enrolled. Common adverse effects were grade 1 flu-like
symptoms, tenderness, and erythema at the injection
site. Delayed-type hypersensitivity (DTH) sites showed
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few or no T cells prevaccination (Pre V), but increased
T-cell infiltration postvaccination (Post V). There was an
increase in the percentage of CD8" T cells in the
peripheral blood Post V. An increase in total MUCI-
specific antibody was seen in some patients, and several
patients developed IgG antibody. Two of 15 resected
pancreatic cancer patients are alive and disease free at
follow-up of 32 and 61 months. MUCI1 100mer peptide
with SB-AS2 adjuvant is a safe vaccine that induces low
but detectable mucin-specific humoral and T-cell re-
sponses in some patients. No difference was seen be-
tween different peptide doses. Further evaluation is
warranted to examine the effect on disease-free survival
and overall survival, especially in early disease and in the
absence of immunosuppressive standard therapy.

Keywords Clinical trial - Immune response -
Pancreatic cancer - Peptide vaccine

Introduction

Pancreatic cancer results in 28,400 deaths per year in the
United States and is the fourth most common cause of
cancer death [11]. Long-term survival is uncommon even
following surgery and only seen in a few patients with
early stage, node-negative disease [12]. The benefit of
adjuvant therapy in patients with resected pancreatic
cancer is a subject of controversy, with randomized trials
showing contradictory results [13, 14, 17]. In this group of
patients, targeted therapy in the form of vaccines that
result in minimal toxicity presents an attractive alterna-
tive. In the last few years, vaccine development has shown
remarkable progress, and technological advances have
permitted identification of a growing number of antigens
on cancer cells. One such antigen is MUCI1 mucin [6].
MUCI is a large transmembrane glycoprotein that



consists of an extended polypeptide core that is highly
glycosylated by O-linked carbohydrates. Much of the
glycosylation is found within a region of tandemly
repeated sequences of 20 amino acids per repeat. When
cells undergo malignant transformation they produce
hypoglycosylated MUCI that has lost its luminal polarity
[22]. These characteristics allow recognition by the im-
mune system resulting in low-titer MUCI antibodies and
MUCT-specific cytotoxic T lymphocytes (CTLs) that can
be found in most cancer patients with MUCI + tumors
[1, 5]. The lack of naturally occurring strong immune
response to this tumor antigen is postulated to be due to
the lack of efficient processing of tumor MUCI protein by
a patient’s antigen-presenting cells and therefore lack of
induction of MUCI-specific T-helper (Th) cells [9]. A
MUCI vaccine that can boost effector pathways that
induce Th-cell responses may be effective in controlling or
curtailing tumor growth. We have chosen the 100mer
synthetic peptide because in the in vitro studies with
human T cells, we have been able to document its efficient
processing by antigen-presenting cells and its presenta-
tion to, and elicitation of, CD4 " helper T cells [8]. Studies
in vivo in chimpanzees have shown that when loaded onto
dendritic cells, MUCI peptide can elicit both helper and
cytotoxic T-cell responses [2]. Furthermore, studies in
MUCI-transgenic mice have shown that this synthetic
peptide can induce immune responses when administered
with various adjuvants [21]. In this study we used the
adjuvant SB-AS2. It is composed of MPL (monopho-
sporyl lipid A) and QS-21 in an oil-in-water emulsion.
SB-AS2 has the ability to induce high titers of IgG anti-
bodies, primarily Thl-dependent subclasses, and both
helper and cytotoxic T-cell responses [3, 16].

In the first clinical study of a MUCI vaccine, 100 pg
of a similar synthetic peptide (105 aa) was administered
with bacillus Calmette-Guérin (BCG) as adjuvant, for
three doses every 3 weeks [7]. The main toxicity was skin
ulceration at the vaccination sites, attributed to the BCG
component of the vaccine. A twofold to fourfold in-
crease in mucin-specific CTLs after vaccination was seen
in 7 out of 22 patients tested. In skin biopsy specimens, a
profound delayed-type hypersensitivity (DTH) reaction
to the long peptide as well as its shorter (9 aa) fragments
was demonstrated by the intensity of T-cell infiltration.
Some increase in antibody responses was seen, but all
antibodies remained IgM with no evidence that helper
cell responses were generated that could promote isotype
switching. This may have been due to the use of BCG as
adjuvant known to induce primarily Thl-type T cells
and CTL responses. It may also reflect the fact that the
patients on that trial were all in advanced stages of their
disease and severely immunosuppressed in their ability
to process and present antigen and to prime new helper
cell responses [18, 19]. For this reason in the current
study we restricted eligibility to recently diagnosed pa-
tients with locally advanced pancreatic tumors or sur-
gically resected disease. In this study, a change in the
start site on the tandem repeat where the synthesis
was initiated, gave us the same five tandemly repeated
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epitopes as in the 105mer peptide, but now contained
within 100 amino acids.

Patients and methods
Objectives

The primary clinical objectives were to evaluate the
toxicity and safety of the MUCI vaccine. The immu-
nologic endpoints were evaluation of DTH against
MUCI peptide, and evaluation of MUCI-specific anti-
body and cellular responses. The secondary objective
was to evaluate the disease-free and overall survival of
patients.

Eligibility criteria

Eligible patients had surgically resected or locally
advanced pancreatic cancer. Performance status was
Eastern Cooperative Oncology Group (ECOG) 0-2. Prior
chemotherapy or radiotherapy was not permitted. Pa-
tients had adequate bone marrow, liver, and kidney
function at study entry, and were required to have a white
cell count (WBC) >3.5 mm”®, platelets > 100,000 mm?,
serum creatinine < 1.5 gm/dl, and total biliru-
bin < 2.0 mg/dl. A minimum of 3 weeks was required
after surgery. A life expectancy of more than 4 months
was required. Patients being treated with glucocorticoids
and nonsteroidal anti-inflammatory drugs were excluded.
Patients were required to have at least one positive
response to a panel of common recall antigens. When this
panel became commercially unavailable, this was not
required for the last four patients. Prior to study entry, all
patients gave written informed consent according to the
University of Pittsburgh Institutional Review Board
guidelines, and the study was carried out under the
Investigational New Drug (IND) No. 7632.

Vaccine preparation and administration

A 100—amino acid synthetic MUCI peptide with the
molecular structure of H,N-(GVTSAPDTRPAPGS-
TAPPAH)s-CONH,, was synthesized under GLP con-
ditions at the Department of Molecular Genetics and
Biochemistry Peptide Synthesis Facility, University of
Pittsburgh School of Medicine. The required dose of
MUCI peptide was made up to a volume of 0.1 ml. The
adjuvant SB-AS2 (a gift from SmithKline Beecham
Pharmaceuticals) was formulated as a mixture of MPL
and QS-21 in 250 ul of an oil-in-water emulsion. The
preparation of SB-AS2 was delivered in vials of 0.5 ml
to be mixed with 0.1 ml of the ordered dose of MUCI.
The total volume of 0.6 ml was given intramuscularly
into the upper arm by injection. Patients received three
injections of the vaccine, once every 3 weeks. Following
completion of the study, patients could be treated with
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chemotherapy or radiotherapy at the discretion of the
primary oncologist. If there was no evidence of recurrent
disease, patients were offered a booster vaccine dose of
300 ug of peptide plus adjuvant, every year starting
1 year after the last vaccination dose, for two doses.

Dose escalation and dose-limiting toxicity

Patients were treated at dose levels of 100, 300, 1,000, and
3,000 pg of peptide. Four patients were entered at each
dose level. A patient was considered for evaluation if at
least two doses of vaccine were given as scheduled. A delay
of 4 weeks was permitted for any reason. Doses were to be
escalated until dose-limiting toxicity (DLT) was observed
in one of four patients entered at a given dose level. Dose
escalation continued if zero out four or two or fewer of
eight patients at that level had DLT. The maximum tol-
erated dose (MTD) was considered to have been reached if
more than two patients in a cohort experienced DLT. The
maximum dose was 3,000 pg of vaccine. All toxicity was
graded using the NCI Common Toxicity Criteria version
1.0. DLT was defined as grade =23 nonhematologic toxic-
ity, except skin toxicity; grade 4 vomiting, despite the use
of antiemetic; grade 4 neutropenia lasting more than
7 daysand/or accompanied by infection and/or fever; and
grade 4 thrombocytopenia.

Pretreatment assessment and follow-up studies

All patients had a complete history and physical exami-
nation and routine laboratory tests within 2 weeks of
starting therapy. All these tests were repeated prior to
every injection of the vaccine. Radiologic tests including a
chest X-ray and computerized tomographic scan of the
abdomen were required within 2 weeks of study entry,
and repeated 2 weeks after completion of the third vaccine
dose. A complete blood count with differential, and a
complete chemistry profile with serum amylase and lipase
were done weekly during the period of vaccination.

Immunologic studies

Peripheral blood lymphocytes and plasma were collected
immediately before the first vaccine (prevaccination [Pre
V] sample) and immediately before each additional
injection (postvaccine 1, postvaccine 2), and 3 weeks
after the last injection (postvaccine 3). The cells were
frozen at —80°C and plasma at —20°C, and thawed just
before use. All time points were tested simultaneously.

ELISA assay for anti-MUCI antibody testing
Microtiter plates (Immulon 4; Dynatech Labs) were

coated with 0.5 pg of synthetic 100mer MUCI peptide
in 100 pl of phosphate-buffered saline (PBS). Following

overnight incubation at 4°C, the plates were washed
twice with PBS and blocked with 100 pl of 2.5% bovine
serum albumin (Sigma Chemical) in PBS (PBS-BSA). A
duplicate plate was also prepared as a control for non-
specific antibody binding. This plate was not coated with
MUCI peptide but was otherwise treated the same way,
including blocking. The blocking reagent was removed,
and 50 pl of various dilutions of patient’s plasma was
added. Dilutions of the plasma were made in 2.5% BSA-
PBS. After 1 h the plates were washed five times with
PBS-0.01% Tween 20. Each well then received 50 pl of
one of the secondary antibodies, alkaline phosphatase—
conjugated goat antihuman Ig, polyvalent (Sigma No.
A3313) diluted 1:1,000 in BSA-PBS, antihuman IgM, or
antihuman IgG. Following a 1-h incubation the plate
was washed five times with PBS—0.01% Tween 20, and
100 ul of Sigma 104 phosphatase substrate at 3 mg/ml in
0.5 mM MgCl,, 0.05 M Na,CO;. The reaction was ter-
minated after 1 h by adding 50 pl of 0.05 M NaOH. The
results are read at OD»s59 ,m On a spectrophotometer.
The OD values from the control wells without MUCI1
peptide were subtracted from the OD values in test wells
with MUCI peptide. Each dilution is tested in triplicate
wells and each plasma sample was tested multiple times.
Samples from all time points from one patient were al-
ways tested simultaneously. Each patient served as his
own control for background versus specific values and
for prevaccination and postvaccination (Post V) values.

Mean immunoglobulin levels were summarized across
time points for IgG, IgM, and total Ig. Because of
imbalances in available data, least squares mean estimates
rather than raw means are presented, calibrated to a 20:1
dilution. A linear model was utilized for the logarithm
(base 10) of the mean calibrated immunoglobulin levels,
to evaluate the contrast between each time point and the
baseline Pre V measurement, while controlling for patient
and for the logarithm of the dilution. To control for
multiple testing across time points, a randomization test
was performed [4]. (Validity conditions were not met for
Dunnett’s test for multiple comparisons with a common
control. The Bonferroni correction can be inappropri-
ately conservative when the endpoints are strongly cor-
related, as in this case.) A model including the logarithm
of dose in place of a patient effect was similarly fitted and
tested.

DTH to MUCI and hepatitis B antigen

Delayed-type hypersensitivity testing to MUCI peptide
and hepatitis B antigen as control was done in all pa-
tients. Hepatitis B antigen at the dose of 1 pg/0.1 ml was
placed on the right lower forearm, and 100 pg/0.1 ml
MUCI peptide was placed on the right upper forearm
intradermally. Skin tests were read at 48—72 h, erythema
and induration were recorded for each skin test. A 6-mm
punch biopsy was obtained under local anesthesia of
both DTH sites. Patients who completed the course of
vaccination had repeated DTH testing and biopsies as



described above, 2 weeks after the last vaccination. Skin
biopsy samples were cut in half. One half was minced
into small pieces and placed in tissue culture for infil-
trating T cells to migrate out and expand to be used in
phenotypic analysis by flow cytometry. The other half of
the biopsy sample was frozen for immunohistology.
Cells infiltrating the biopsy samples were expanded in
culture for 2-3 weeks in RPMI 1640 (ICN, Costa Mesa,
CA, USA) supplemented with 10% human AB serum
(Mediatech, Herndon, VA, USA), 20 U/ml of IL-2
(DuPont), and 10 ng/ml IL-7. No antigen was given in
vitro. They were analyzed for cell surface phenotype and
intracellular cytokine production as described below.

Intracellular cytokine production and fluorescence-acti-
vated cell sorter (FACS) analysis

Cells were activated by incubation for4 hat37°Cin 1 uM
ionomycin (Sigma Chemical, St Louis, MO, USA) and
20 pg/ml phorbol myristate acetate (PMA; Sigma). A
quantity of 2 pm of monensin (Sigma) was added to
prevent secretion of cytokines into the extracellular space.
The cells were washed once in FACS buffer (PBS with 5%
fetal calf serum and 0.1% sodium azide) and then fixed for
20 min in 2% paraformaldehyde (Sigma). Following two
washes in FACS buffer with 0.1% saponin (Sigma), the
antibodies against CD3, CD4, CDS8, and TCR { chain
(Becton Dickenson, Franklin Lakes, NJ, USA), inter-
feron y (4S.B3; Pharmingen, San Diego, CA, USA), or IL-
4 (8D4-8; Pharmingen) were added in saponin buffer for
30 min at 4°C. Flow cytometry was performed with a
FACS Caliber instrument. Three-color analysis was used
to detect the intracellular cytokines IFN-y or IL-4 in the
CD4™" and CD8 ™ populations.

Temporal changes in flow cytometry evaluations of
IFN-y and CD3({-positive PBLs were summarized to
determine statistical significance. In principle, a mea-
surement error model based on replication studies could
be used to classify patients as responders, but such
quality control data was not available due to a limited
number of cells. Temporal changes were tested across
the sample; it should be noted that the null hypothesis is
symmetry between increases and decreases, not the ab-
sence of changes. Immunohistochemical evaluation of
CD3, CD4, and CDS8 cells in infiltrates at the hepatitis
and mucin sites were handled similarly. Changes were
tested with the Wilcoxon signed-rank test. Spearman
correlations between pairs of changes were calculated
and tested against a null hypothesis of zero correlation.
These tests were not adjusted for multiple comparisons.

Results
Patient characteristics

Sixteen patients, 11 men and 5 women, were recruited at
the University of Pittsburgh Cancer Institute from July
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1998 to March 2001. Median age was 62 years (range
45-78 years). All but one patient had surgically resected
pancreatic cancer. The patient with locally advanced
tumor was staged as T3 N1. The resected tumors were
T1 N1 (1), T2 N1 (1), T3 N1 (9), T3 N3 (3), and T4 NO
(1). In the group with resected cancer, the time from
surgery to first vaccine dose ranged from 4 to 15 weeks
(median = 7 weeks). All three doses of the vaccine were
given as scheduled, except in three patients. One patient,
no. 5 at the 300-ug dose with locally advanced disease,
did not receive the third dose of the vaccine due to rapid
progression of disease and declining performance status.
Two patients, no. 12 and no. 13, at the 1,000-pg dose did
not receive the third dose of the vaccine. In one patient
there were complications related to surgery and in the
other patient, vaccine was temporarily unavailable due
to production issues.

Toxicity

Vaccine therapy was well tolerated. Most patients had
mild symptoms. These were flu-like symptoms (grade 1,
25%), tenderness (grade 1, 38%), and erythema (grade
1, 31%; grade 2, 6%) at the injection site. One patient,
no. 2 at the 100-pg dose with prior history of rheumatoid
arthritis, had recurrent symptoms in the toe (grade 1
arthralgia) lasting for 2-5 days following every dose of
the vaccine. There was no skin ulceration. No patient
had grade 3 or 4 toxicity.

Clinical outcome

Of the 15 patients with resected pancreatic cancer, 13
patients have died, 2 patients are alive and disease free at
follow-up of 32 and 61 months. The median survival is
12 months (Table 1). The protocol allowed patients to
receive adjuvant therapy after completing three vacci-
nations at the discretion of the treating physician. Eight
patients went on to receive chemotherapy or a combi-
nation of chemotherapy with radiation.

Immunologic responses

Anti-MUC1 antibody response and isotype switching
to IgG

Prevaccination antibody levels were measured against
the immunizing 100mer peptide in plasma from 15 of the
16 patients (Table 2). ELISA assays of anti-MUCI
serum antibody levels Pre V showed that four patient-
s—no. 3, no. 7, no. 8, and no. 11 (for patient treatment,
see Table 1)—had very low levels (OD values at 1:20
dilution of 0.2 or lower), five patients—no. 4, no. 6, no.
9, no. 10, and no. 14—had intermediate levels (OD
values at 1:20 dilution of 0.2-0.6), and five patients—no.
5, no. 12, no. 13, no. 15, and no. 16—had relatively high
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Table 1 Clinical summary

Dose (ug) Patient Stage Time to recurrence Survival  from Adjuvant
from surgery (months) surgery therapy®
(months)
Alive Died

100 1 T3 N1 11.0 28 Yes
2 T3 N1 - 61 - Yes
3 T3 N1 11.0 12 Yes
4 T3 N1 17.0 21 Yes
300 5P T3 N1 3.0 4 No
6 T3 N1 7.0 9 No
7 T3 NO 9.0 10 Yes
an 1 . 8 T3 NO 15.0 20 Yes
Adjuvant therapy consisting of | o0q 9 T3 N1 _ 32 _ Yes
external beam radiation therapy ’ 10 T3 N1 7.0 8 No
for 40-54 Gy with radiosensi- 11 T2 N1 _ 23 No
tizing doses of 5 FU was given 12 T1 N1 70 8 No
in seven patients. Patient no. 2 3,000 13 T3 N1 6.0 10 No
received one cycle (3 weeks) of 14 T3 NO 20.0 22 Yes
gemcitabine hydrochloride as 15 T3 N1 10.0 13 No
adjuvant therapy 16 T4 NO 10.0 17 No

*Locally advanced disease

antibody levels (OD values at 1:20 ranging from 0.6 to
1.2). As previously reported, most of the antibody was
of the IgM isotype [15]. One patient (no. 3) from the
lowest antibody group, two patients (no. 4 and no. 6)
from the intermediate group, and two patients (no. 12,
and no. 15) from the high antibody group showed an
increase in total antibody after vaccination. In all of
them, except for no. 12, this was due to the increase
specifically in IgG. The anti-MUC] antibody detected in
patient no. 12 who had neither IgM nor IgG, had IgA
that did not change with vaccination. IgG OD values for
patient no. 4 changed from 0.358 Pre V to 0.561 Post V;
for patient no. 6 the values changed from 0.139 to 0.283;
for patient no. 13, from 0.085 to 0.127; and for patient
no. 15, from 0.112 to 0.368 (Table 2). In separate com-
parisons with baseline, the log of IgG level was signifi-
cantly different only at the third Post V time point
(P=0.042). After adjusting for multiple testing of the
three Post V time points, the change from baseline to the
third Post V time point was not statistically significant
(P>0.05). Similar results held for total Ig. There were
no significant changes for the log of the IgG/total Ig
ratio. For both IgG and IgM, interpatient variation was
highly significant. Even though the increase in IgG titers
was seen in 3/4 patients vaccinated with the lowest dose
and only in 1/4, 0/4, and 1/4 in the next three doses, the
fact that it was seen at other doses as well suggests a lack
of a significant relationship between the peptide dose
and Post V IgG.

T-cell cytokine production

Prevaccination and postvaccination PBLs had been fro-
zen. Samples from all time points were thawed at the
same time and restimulated with the 100mer MUCI
peptide once in vitro prior to testing. The intent of the in
vitro stimulation (IVS) was twofold: first, because the
cells collected at different time points were stored at

—80°C to be assayed simultaneously, one in vitro stim-
ulation served to recover their viability; and, second, IVS
was necessary to increase the number of antigen-specific
T cells and facilitate their detection in ELISpot assays.
However, numerous ELISpot assays performed on these
cultures to detect MUCI-specific T cells were uninter-
pretable due to huge differences in background spots Pre
V and Post V (data not shown). This prompted us to
examine the ability of T cells Pre V and Post V to make
cytokines against polyclonal activators. We saw in every
patient an almost total suppression of their T-cell ability
to make either IFN-y or IL-4 Pre V (data not shown). In
patients no. 3, no. 4, no. 6, no. 12, and no. 15 (see Ta-
ble 1), however, the ability to make cytokines increased
significantly Post V. An example of one patient (no. 4)
that illustrates what was seen in all these patients is
shown in Fig. 1. A short-term stimulation with PHA/
PMA (as described in “‘Patients and methods”) of the Pre
V PBLs resulted in a very low percentage of either IFN-y
(Fig. 1a) or IL-4 (Fig. 1b) producing cells. This number
drastically increased post first vaccine and remained high
through the next two injections. Recovery of respon-
siveness was independent of the dose of peptide they
received, and, while it was most striking in patients no. 3,
no. 4, no. 6, no. 12, and no. 15, it was seen to various
degrees in 10/16 patients. Two patients had an interme-
diate level of cytokine production that was still below
normal (50% of normal controls), which did not change
Post V. Four of the sixteen patients never recovered their
ability to respond, or recovered only marginally and
transiently (data not shown).

An additional and a very intriguing change between
Pre V and Post V PBLs that was seen in all patients was
the change in CD4" to CD8™" T-cell ratio, also repre-
sented in Fig. 1. Compared with Pre V samples that
have the expected 2:1 ratio of CD4" to CD8 " T cells,
Post V samples contain many more CD8 " T cells than
CD4™" T cells.
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Table 2 Anti-MUCI serum

antibodies Pre V and Post V. Patient No. Time* Antibody Isotype
The value in italics observed
increases in total antibody and Total Ig IgM IgG
in IgG postvaccination. Values N
given are for 1:20 serum 1 V2 0.719 0.544 0.086
dilution. Results are identical V3 0.536 0.481 0.071
for all dilutions tested, from 2 Pre V 0.848 0.325 0.043
1:20-1:160. Pre V Vi 0.621 0.287 0.118
prevaccination serum sample, V2 0.974 0.121 0.132
V1 serum sample at 3 weeks 3 Pre V 0.202 0.073 0.141
after the first vaccine, V2 serum Vi 0.543 0.181 0.290
sample at 3 weeks after the V2 0.433 0.171 0.223
second vaccine, V'3 serum V3 0401 0.146 0.223
sample at 3 weeks after the 4 Pre V 0.452 0.137 0.358
third vaccine Vi 0.591 0.135 0.373
V2 0.551 0.148 0.401
V3 0.631 0.203 0.561
5 Pre V 0.815 1.425 0.145
\4! 0.740 1.317 0.145
V2 0.817 1.556 0.218
6 Pre V 0.397 0.460 0.139
Vi 0.450 0.465 0.181
V2 0.432 0.435 0.197
V3 0.521 0.474 0.283
7 Pre V 0.258 0.300 0.102
A\ 0.220 0.267 0.143
V2 0.218 0.182 0.198
V3 0.217 0.225 0.059
8 Pre V 0.112 0.069 0.045
Vi 0.130 0.065 0.040
V2 0.111 0.060 0.040
V3 0.156 0.082 0.049
9 Pre V 0.363 0.582 0.069
V1 0.334 0.571 0.012
V2 0.345 0.629 ND
V3 0.375 0.719 0.062
10 Pre V 0.313 0.565 0.104
Vi 0.268 0.547 0.111
V2 0.205 0.530 0.111
V3 0.325 0.642 0.141
11 Pre V 0.210 .048 0.025
\4! 0.140 .062 0.008
12 Pre V 0.852 0.167 0.235
\4! 0.872 ND ND
V2 1.137 0.258 0.164
13 Pre V 1.015 0.515 0.085
A\ 1.047 0.415 0.101
V2 1.156 0.364 0.127
14 Pre V 0.551 0.253 0.062
A\t 0.646 0.265 0.053
V2 0.777 0.288 0.055
V3 0.614 0.283 0.046
15 Pre V 0.625 0.103 0.112
A\t 0.635 0.050 0.168
V2 0.693 0.062 0.237
V3 0.964 0.177 0.368
16 Pre V 1.199 0.971 0.162
\4! 0.866 0.575 0.129
a V2 1.114 0.603 0.129
Numbers correspond to OD V3 0.829 0.522 0.147

values in ELISA

To determine whether this change was related to the
adjuvant or the antigen, we examined T cells infiltrating
DTH sites. As described in “Patients and methods,” all
patients were skin-tested prior to the first vaccine and
3 weeks after the third injection. No classical DTH
reaction, redness or indurration, was seen either before
or after vaccination. We biopsied the DTH sites and
looked by immunocytochemistry for the presence of

infiltrating T cells . Small numbers of T cells were seen to
infiltrate the hepatitis site in most patients, both Pre V
and Post V (data not shown). The MUCI site was de-
void of T cells Pre V, and most patients showed small
and varying numbers of both CD4 and CD8 T cells
infiltrating the site Post V (data not shown). We
expanded short term in vitro, in the absence of addi-
tional antigen stimulation, the T-cell population
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Fig. 1 Increase in the
percentage of CD8 ™ T cells and
in the ability of all the patient’s
T cells to make cytokines when
activated following vaccination.
Patient’s PBMCs were activated
with PMA /ionomycin, and
intracellular levels of INF-y (a)
or IL-4 (b) evaluated in CD3*
cells by flow cytometry, as
described in “‘Patients and
methods.” Samples are from
Pre V (Pre-V), 3 weeks after the
first injection (V-1), 3 weeks
after the second injection (V-2),
and 2 weeks after the third
injection (V-3)
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Fig. 2 T cells infiltrating postvaccination DTH sites. MUCI
peptide and hepatitis B antigen were injected intradermally 14 days
after the last injection and injection sites biopsied 48 h later. One
third of the biopsy sample was minced and cultured for 2 weeks to
allow infiltrating T cells to exit the skin fragments. The cells were
analyzed by flow cytometry. The example shown is from the 300-ug
dose peptide group

infiltrating the DTH site of the MUCI peptide injection
and compared it to the in vitro expanded T-cell popu-
lation infiltrating the adjoining site of hepatitis B antigen
injection. We found that in the hepatitis B site, CD4" T
cells were predominant and activated, with 49% pro-
ducing IFN-y and 11% producing IL-4 (Figs. 2 and 3).
There were very few CD8 " cells. In the MUCI site, the
same proportion of CD4 " cells produced IL-4 as in the
hepatitis B site, but almost none made IFN-y. In con-
trast to those in the hepatitis B site, all CD8 " T cells in
the MUCT site were activated and produced IFN-y.

Analysis of CDS™ T cells prevaccination and postvacci-
nation

From ecight patients we obtained sufficient number of
cells to allow evaluation Pre and Post V of the CD8" T
cells and their ability to produce IFN-y upon stimula-
tion as well as their expression of the TCR { chain. We
and others have previously published that cancer pa-
tients exhibit changes in their T-cell phenotype and
function, reflected in the low-level expression or absence
of the { chain and decreased ability to produce cyto-
kines upon stimulation [18, 19]. Results are shown in
Fig. 4. The proportion of CD8 ™ cells with high levels of
{ chain increased significantly (P=0.03) Post V
(Fig. 4a). One correlation of interest was significantly
different from zero: CD8" cells making IFN-y and
CD8™ cells expressing higher levels of { chain (Spear-
man p=0.90, P=0.019, unadjusted). One patient (no.
15) had a very large increase in high { chain expressors
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(from 15% to 85%). The same patient also showed an
increase in the percentage of CD8" T cells producing
IFN-y (Fig. 4b).

Discussion

In phase I trials of cancer vaccines administered to
cancer patients, evaluation of the potential efficacy has
been difficult, and the best methods for measuring
antigen-specific immune responses have been a matter of
debate [20]. Similarly, the adequate peptide dose for
effective immunization has not been determined and will
likely vary depending on the specific antigen. Our goal in
this trial was to elicit MUCI-specific helper T cells,
based on our in vitro experiments showing that the
100mer MUCI1 peptide is processed and presented in
HLA-DR and can stimulate class II-restricted CD4" T
cells to produce IFN-y [8]. We planned to evaluate
indirectly the efficacy of our vaccine to elicit helper T
cells, by monitoring switching of Pre V anti-MUCI1 IgM,
a helper T-cell-independent isotype, to a helper-depen-
dent isotype IgG Post V. We also anticipated that elic-
itation of helper T cells would stimulate expansion of
preexisting  MUClI-specific CD8" T cells, thereby
increasing their frequency that could be measured by
ELISpot analysis. We selected the SB-AS2 adjuvant to
further enhance both responses. SB-AS2 had been re-
ported to be a good adjuvant for elicitation of both
helper and cytotoxic T-cell responses [3, 16]. In a small
number of patients, 5/16, belonging to all four groups,
we saw for the first time evidence of MUCI-specific IgG
antibody that may indicate peptide-specific helper T-cell
activation. We were unable to directly measure MUCI-
specific helper T cells due to the very high increase in
nonspecific T-cell activation seen Post V.

Peptide dose escalation 30-fold, from 100 to 3,000 pg,
did not result in toxicity. We did not escalate beyond
3,000 png due to technical difficulties and cost of
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Fig. 3 CD8™ T cells infiltrating
the MUCI1 DTH site are IFN-y
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producing vaccine doses of this magnitude. We tested
four different doses of peptide primarily to show that
there is no toxicity involved in administering large doses
of peptide, but also assuming that the larger peptide
dose would yield a higher number of peptide/MHC class
IT complexes on the antigen-presenting cells. From our
studies in MUCI-transgenic mice [21], we know that
there is a degree of peripheral tolerance at the helper T-
cell level and that primarily low-affinity T cells are
available to respond. In that case, we reasoned, they
were more likely to be stimulated with higher doses of

antigen. Our data, however, show that high doses of
peptide did not improve the outcome.

We have published previously that T cells from pa-
tients with pancreatic cancer have a reduced ability to be
activated to produce cytokines [18, 19]. The patients on
our trial were no exception in that their T cells had a
severely reduced capacity to make either IFN-y or IL-4.
In some patients this changed drastically following the
first injection of the vaccine. The ability of T cells to
respond recovered to at least 50% that of healthy con-
trols. Similarly, we saw an increase in the expression of {

50

Fig. 4 Increase following 100
vaccination in the percentage of a
CDS8™ T cells that express
normal levels of TCR { chain
(a) and in the percentage of
CDS8" T cells that produce
IFN-y upon stimulation (b).
CDS8™ T cells from patients’
PBMCs were evaluated for
TCR ( expression without
activation. They were activated
with PMA /ionomycin to
measure intracellular levels of
IFN-y, as described in “‘Patients
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chain in CD8 " T cells Post V. We do not yet understand
the mechanism of this recovery. In our study we are not
able to correlate antibody or intensity of T-cell response
following vaccination with time to recurrence or to the
overall survival of patients.

The interesting observation that Post V patients have
increased proportions of CD8" T cells in circulation
and that CD8" T cells are uniquely infiltrating the
MUCI DTH sites, we ascribe to the specific action of the
antigen. We have made a similar observation in pre-
clinical studies of MUCI vaccines in MUC]1-transgenic
mice [21]. Considering that CD8" T cells are desirable
antitumor effector cells, it is encouraging that MUCI
appears to exert its strongest effect on that cell popula-
tion.

While this phase I study had a small number of
patients, and their disease had rendered them severely
immunosuppressed, we were still able to see marginal
positive effects from the vaccine. In 10/16 patients we
saw improvement in the ability of T cells to be acti-
vated. While the Post V increase in MUCI-specific
antibody was not statistically significant, it is likely not
due to random chance that we saw an this increase in
antibody and evidence of isotype switching from IgM
to IgG in the five patients who showed the greatest
recovery in T-cell responsiveness. Since many of the
patients opted for standard therapy following the last
vaccine, we are unable to determine if the positive
changes in overall and MUCI-specific immunity could
have influenced progression of their disease. The med-
ian survival of 12 months in our study is comparable to
historical controls. T3 disease or higher and nodal
involvements are adverse prognostic factors and these
patients have a particularly poor outcome. It is note-
worthy that in our study, all patients were at high risk
of recurrence with either T3-T4 disease or nodal
involvement.

One other study evaluating a vaccine in pancreatic
cancer has been reported. Jaffee et al. [10] conducted
a phase I trial of a GM-CSF-secreting autologous
pancreatic tumor vaccine in 14 patients with resected
pancreatic cancer. Eight weeks after pancreaticoduo-
denectomy, patients received escalating doses of vaccine
cells. No dose-limiting toxicities were encountered, and
DTH responses to autologous tumor cells at the higher
doses were seen in three patients Post V [10].

The MUCI antigen appears to be a safe target for
immune manipulation. In animal models it also appears
to be a promising cancer vaccine. In MUCI-transgenic
mice, a MUC1—-dendritic cell vaccine showed evidence of
tumor rejection [21], and we are now conducting a phase
I study in patients with resected pancreatic or bile
duct cancers. The difference between our studies in mice
and the phase I studies we are conducting in patients is
in the use of the MUCI vaccine as prophylaxis in the
former and therapy in the later. It remains to be seen in
future trials if improvements in the vaccine design and
immune monitoring will yield equally promising results
in cancer patients.
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