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Abstract : Dendritic cells (DCs) are powerful antigen-presenting cells (APCs) that have attracted
attention in recent years from the viewpoint of DC vaccine therapy against cancer. However, the
existence of a strongly immunosuppressed state in cancer-bearing individuals inhibits DC matura-
Isolated DCs loaded with
tumor antigen ex vivo and administered as a cellular vaccine have been found to induce protective

In clinical trials of DC vaccination

tion, which is one of the problems facing anti-cancer DC vaccine therapy.

and therapeutic anti-tumor immunity in experimental animals.
for cancer patients, induction of anti-tumor immune responses and tumor regression has been
observed. In this study, eighty-one advanced cancer patients unsuccessfully treated by established
treatment in individual cases were selected between January 2002 and May 2007 at Fukushima
Medical University. The usefulness of DC therapy was investigated by intradermal injection of
peptide pulsed DCs for an overall objective response rate of 28.0%. Furthermore, direct injection
of immature DCs into tumor extracted an overall objective response rate of 35.7%, and especially
40.0% for advanced pancreatic cancer by using endoscopic ultrasound-guided fine-needle injection
technique as a novel approach. These results indicate that DC-based vaccination could be a prom-
ising treatment modality for various cancers, however multiple hurdles must be cleared before the

development of an affordable DC-based vaccination can be used worldwide.
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INTRODUCTION

Human tumors express a number of protein
antigens that can be recognized by T cells, thus pro-
viding potential targets for cancer immunother-
apy. Dendritic cells (DCs) are rare leukocytes that
are uniquely potent in their ability to present anti-
gens to T cells, and this property has prompted their
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recent application to therapeutic cancer vac-
cines. Isolated DCs loaded with tumor antigen ex
vivo and administered as a cellular vaccine have
been found to induce protective and therapeutic
anti-tumor immunity in experimental animals. In
pilot clinical trials of DC vaccination for patients
with non-Hodgkin’s lymphoma and melanoma,
induction of anti-tumor immune responses and
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tumor regression has been observed”. Additional
trials of DC vaccination for a variety of human can-
cers are under way, and methods for targeting tumor
antigens to DCs in vivo are also being explo-
red. Exploitation of the antigen-presenting proper-
ties of DCs thus offers promise for the development
of effective cancer immunotherapies. In this study,
the usefulness of DC therapy was investigated by
intradermal injection of peptide pulsed DCs with/
without chemotherapy, which are direct injection of
immature DCs into tumor as well as endoscopic
ultrasound-guided fine-needle injection (EUS-FNI)
of immature DCs into advanced cancers.

MATERIAL AND METHODS

In this study, eighty-one advanced cancer pati-
ents unsuccessfully treated by established treatment
in individual cases were selected between January
2002 and May 2007 at Fukushima Medical
University. The study protocol conformed to the
ethical guidelines of the 1975 declaration of Helsinki
and was approved by the ethical committee of
Fukushima Medical University. All patients pro-
vided informed consent before treatment. Demo-
graphic characteristics of the individuals treated
with DCs vaccines are shown in Table 1. Of the

eighty-one patients treated, 12 had pancreatic can-
cer, 15 had gastric cancer, 14 had colorectal cancer,
10 had biliary cancer, 8 had lung cancer, 7 had breast
cancer, 3 had hepatoma, 2 had cholangiocarcinoma, 4
had esophageal cancer, 2 had melanoma and 4 had
other types of cancer (Table 1).

Isolation of peripheral blood monocytes and DCs
induction

Forty ml of heparinized peripheral blood was
collected from the patients’ vein and separated using
the Ficoll density gradient centrifugation method.
1x10°® peripheral blood mononuclear cells (PBMCs)
were obtained from the buffy coat. 1x10° PBMCs
were obtained from the plasmapheresis using the
same method. Of the eighty-one patients, 11 cases
with blood collected from the patients’ vein and 70
cases with PBMCs from plasmapheresis were
selected corresponding to the individual conditions
(Table 2). The PBMCs were cultured in RPMI
medium, the monocyte fraction from the adhesion
cells were co-cultured with 100 ng/ml GM-CSF and
50 ng/ml IL-4 for 7 days to induce DCs. The sus-
pension of DCs was confirmed with FITC-or
PE-conjugated monoclonal antibodies against CD40,
CD80, CD86, HLA-DR cell surface antigen, and
then analyzed using FACS Calibur flow cytometer

Table 1. Patient Characteristics

Patients Percentage
Sex Male 48 59%
Female 33 41%
Age ~30 1 1%
30~40 5%
40~50 12 15%
50~60 24 30%
60~70 24 30%
70~80 14 17%
80~ 2 2%
Disease pancreatic cancer 12 15%
gastric cancer 15 19%
colorectal cancer 14 17%
cholangiocarcinoma 2 2%
biliary cancer 10 12%
lung cancer 8 10%
breast cancer 7 9%
hepatoma 3 4%
esophageal cancer 4 5%
melanoma 2 2%
others 4 5%
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Table 2. Method of DC therapy

Extraction Apheresis 70
Peripheral blood 11

Method Peptide pulsed DCs 53
with chemotherapy 20

without chemotherapy 33

DC injection 28

by direct injection 18

by EUS guided FNI 10

(FACScan). 1x107, 1x10® DCs were obtained from
the 40 ml peripheral blood and plasmapheresis,
respectively. Culture was manufactured under
GMP grade quality except TNF-a, and before the
administration to the patients, DCs were finally
checked under endotoxin and f-D glucan.

Maturation of DCs

TNF-a was added to the final concentration of
10 ng/ml on day 7 after initiating culture, followed
by conformation with monoclonal antibody against
CD83 using FACScan.

Peptide pulse of maturation DCs

Pulsed peptides were selected by high serum
CEA or CA19-9 levels, pathological findings of anti-
gen-specific examination such as HER2, MUC-1,
AFP with individual HLA typing. The mature DCs
were stimulated for 4 hr twice with 10 ug/ml sele-
cted peptide for each individual patient.

Method of administration

a) Peptide pulsed DC therapy
Synthetic peptide approaches require the
identification of tumor-specific antigens for indi-
vidual tumors. Intradermal injection near the
regional lymph node of peptide pulsed DCs
with/without chemotherapy was performed.
b) Injection of immature DCs into tumor
Injected intra-tumor DC is expected to work
phagocytosis of the tumor as a localized effect,
the consequent cytotoxic T lymphocytes (CTLs)
induction in the tumor and the regional lymph
nodes, resulting in a systemic effect. Injection
of immature DCs into tumor was performed by
means of simple syringe or endoscope approach
as well as endoscopic ultrasound-guided fine-
needle injection (EUS-FNI) as a novel appro-
ach. 10 advanced patients (7 pancreatic, 3 oth-
ers) received intratumoral injection of a hundred
million immature DCs at 2 to 3 sites using

EUS-FNI. DC was administered on days 1 and
15. The cycles were repeated every 28 days
as much as possible. Physical and laboratory
examinations assessed the potential vaccine
toxicity.

Evaluation of DC therapy

Clinical end points were tumor response, and
survival as well as individual tumor marker level
such as CEA or CA19-9. Standard clinical res-
ponse criteria were applied. Complete response
(CR) was complete regression of all lesions lasting
at least 1 month. Partial response (PR) was a
greater than 50% decrease of lesions lasting more
than 1 month. Mixed response (MR) was a regres-
sion of main pancreatic tumors, whereas other
lesions remained stable or progressed. Stable dis-
ease (SD) was defined as a less than 25% size reduc-
tion with no newly developed lesions for more than
1 month. Progressive disease (PD) was defined as
an increase of more than 25% in the sites of primary
or metastatic lesions or the occurrence of new
lesions.

RESULTS

1) Intradermal injection of peptide pulsed DCs

The vaccine treatments received by these
patients are shown in Table 2. Peptide vaccines
alone were administered to 53 (20 with/ 33 without
chemotherapy) individuals using peptides derived
from one of the following : cancer-testes antigens
such as CEA, MUC-1, HER2 or AFP (Table 3). Of
the thirty-three recipients of a peptide vaccine with-
out chemotherapy, only 1 case showed a MR with a
regression of main tumor and 3 cases showed a SD,
for an overall objective response rate of 12.0%. Of
the twenty recipients of a peptide vaccine with che-
motherapy, 2 cases showed a PR and 9 cases showed
a SD, for an overall objective response rate of 55.0%
(Table 4). Tumor markers have decreased to 2
stage IV cases of PR respectively. These two cases
got survival duration for one year or more (Table
5). No remarkable complication associated with
intradermal injection of the DCs, except 2 cases of
mild fever, was noted.

2)  Injection of immature DCs into tumor

Immature DCs were administrated into tumor
in 28 individuals by using 18 direct injections and 10
EUS guided FNI (Table 2). Of the twenty-eight
participants who were injected with immature DCs
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Table 3. Peptide vaccine immunization and immature DCs
) Peptide pulsed DCs Injection of
Disease Number . ture DC
CEA MUC-1 HER-2 AFP immature UL
pancreatic cancer 2 1 2 10
gastric cancer 12 7 6 2 3
colorectal cancer 12 10 4 6 2
cholangiocarcinoma 0 2
billiary duct cancer 8 1 3 3 2
lung cancer 8 8 0
breast cancer 5 2 3 1 2
hepatoma 0 3
esophageal cancer 3 2 1 1
melanoma 0 2
others 3 2 1 1 1
Table 4. Peptide pulsed DC Therapy (53 cases)
Total (53) with chemotherapy (20) without chemoterapy (33)
Number Percentage Number Percentage Number Percentage
PR 2 3.70% 2 10% 0 0%
MR 1 1.90% 0 0% 1 3%
SD 12 23% 9 45% 3 9%
PD 38 71.40% 9 45% 29 88%
Table 5.  Objective responses to DC vaccine treatment
Clinical efficacy Survival
Case | Age | Sex Disease Stage Metastasis Treatment | y,10r Duration
Marker Image | (Month)
1 45 | Female breast cancer v contralatetal hreast, Peptide |NST-439] PR 13
lymph node
2 62 | Male lung cancer v sacrum Peptide CEA| PR 12
3 54 | Male biliary cancer IVb | peritoneum, ureter | Peptide — MR 3
4 54 | Male | pancreatic cancer | IVb liver, peritoneum Injection | CA19-9 | MR 6
5 54 | Male | pancreatic cancer | IVb liver Injection | CA19-9 | MR 14
6 61 | Male | pancreatic cancer | IVb peritoneum Injection | CA19-9 | MR 16
7 61 | Male |malignant melanoma| IV lymph node Injection - MR 8
8 63 | Female gastric cancer v lymph node Injection Céé%? ' MR 6
9 68 | Male | esophageal cancer | IVa lymph node Injection - MR 20

into tumor, six cases obtained a MR and four
obtained a SD. Thus, the overall objective res-
ponse rate for the treatment was 35.7% (Table 6).
Fig. 1 shows a case of hile duct cancer intratumoral
DCs injection response. CA19-9 and total bilirubin
has been reduced by 5 times of DC injection without
any other therapy.

Of the ten participants with advanced pancreatic
cancer, 7 were administered into primary tumor
using by EUS-FNI. Seven patients had been
unsuccessfully treated (gemcitabine) for unresect-
able pancreatic cancer : stage IV patients with mul-
tiple liver metastasis and/or artery involvement and/
or with malignant ascites. All patients had histo-
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Table 6. Intratumoral DC injection (28 cases)
Total (28) EUS-FNI (10) Others (18)
Number Percentage Number Percentage Number Percentage

PR 0 0% 0 0% 0 0%

MR 6 21.40% 2 20% 4 18%

SD 4 14.30% 3 30% 1 12%

PD 18 64.30% 5 50% 13 70%
10115 &‘ using autologous DCs and tumor-associated anti-
~ gens have been conducted to assess the ability of
ontes Gﬂf ? %’ - these vaccines to induce clinical responses in cancer
v/mi(® g/ (M) patients. In a review by Engell-Noerregaard et al.”,
5000 10 57 of 626 malignant melanoma patients (9%) showed
4000 8 objective response (20 CR and 37 PR) when treated
3000 6 with DC-based vaccinations, but no significant cor-
2000 . relations were noted between those objective
o0 , response and the tested parameters. Many initial
vaccine studies used DCs charged with one or few

0 0
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Fig. 1. Intratumoral DC injection for Biliary Cancer
After DC injection, CA19-9 and total bilirubin were
improved without other therapy.

logically proven intraductal adenocarcinoma by
EUS-FNI. Five of seven patients received irradia-
tion therapy before initial EUS-FNI of DCs to
induce apoptosis and necrosis and produce tumor-
associated antigens for DC cross-presentation. No
complication associated with the EUS-FNI proce-
dure was noted. The CA-19-9 levels decreased in
4 patients ; 2 showed a MR with regression of pri-
mary tumor. All DCs injections were tolerated
with one case of Grade 1 fever and one case of red-
ness of injection site.

DISCUSSION

New therapies for advanced cancer are needed
to improve its prognosis. Immunotherapy, a novel
approach, has been investigated for advanced can-
cer?. DCs, used in DC vaccine therapy against
cancer, are potent antigen-presenting cells for
induction of primary T-cell dependent immune
responses”. Many strategies for delivering anti-
gens into DCs have been established in murine
models and clinically tried. Synthetic peptide
approaches require identification of tumor-specific
antigens for individual tumors and demonstration of
their recognition by CTLs.

Many clinical trials of DC-based vaccinations

tumor antigens, whereas the potential of DCs rests
with their still untapped capacity to elicit a strong
and broad immune attack to lessen the chance of
tumor escape. In fact, the antitumor effect of
active immunotherapy is a relatively simple imple-
mentation but has so far been weak”. Until now,
the results obtained from reported clinical trials
have not been sufficient enough for immunotherapy
to become one of the standard cancer therapies.

In this study, peptide-pulsed DCs into intrader-
mal tissue were administered to 53 individuals using
peptides including CEA, HER2, MUC-1 and
AFP.  Of the recipients of the peptide vaccine, there
was an overall objective response rate of 28.0% (15/
53 cases), whereas, participants who were injected
with immature DCs into tumor, had an overall objec-
tive response rate of 35.8%. The first problem of
DC therapy is that most injected DCs remain at the
injection site ; only a few migrate to the draining
lymphoid tissue, just 1% in mice and human®.
Secondly, cancer has many unknown antigens, anti-
genic peptides and CTL epitopes, presented by
human advanced cancer, remain largely unidenti-
fied. We have intra-tumorally injected unloaded
DCs into advanced cancer cells ; they acquire and
process tumor antigens in situ, migrate to regional
lymphoid organs, and initiate a strong tumor-specific
immune response. Therefore intra-tumoral injec-
tion appears preferable to intravenous or intrader-
mal injections. Furthermore, the third problem is
the existence of an immunosuppressive state in can-
cer individuals which leads to anergy and failure in
CTLs induction and DC migration to the target
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organ. It has been reported that injected intra-
tumor DCs are expected to work phagocytosis of the
tumor as a localized effect. Consequently CTLs
induction in the tumor and regional lymph nodes
results in a systemic effect. Actually, we have
undergone intra-tumor DCs injection therapy per-
formed by means of EUS in 2 advanced gastric can-
cer cases. As a result, tumor makers and ascites of
one case were on the decrease. The results indi-
cate this method can be useful in advanced cancer
patients”. Interventional EUS can approach pan-
creatic cancer cells using EUS-FNI technique?.
We performed EUS-FNI of DCs to investigate the
feasibility, safety, and clinical response of EUS-FNI
of unpulsed immature DCs into the pancreatic can-
cer refractory to systemic administration of gem-
citabine. This is a pilot clinical study to inject
unpulsed immature DCs into advanced pancreatic
cancer cells. Median survival was 9.9 months,
although previous studies reported 8 to 9 months as
the mean for chemotherapy patients ; patients with
peritonitis carcinomatosa face shorter survival.
The poor prognosis associated with pancreatic can-
cer suggests that the response and survival data
reported here for intratumoral injection of DCs are
encouraging. These data indicate that intratumoral
injection of unpulsed DCs into the pancreatic cancer
using EUS-FNI is safe and can induce some clinical
responses in patients with advanced diseases.

It is shown that the therapeutic effect improves
immunotherapy using DCs with chemotherapy,
leads to tumor regression and enhanced sur-
vival®. Chemotherapy present with endogenous
antigen by the cytotoxic effect and causes the immu-
nity induction. We confirmed that peptide pulsed
DC therapy with chemotherapy has a clinical signifi-
cance without chemotherapy. Of the thirty-three
recipients of peptide vaccine without chemotherapy,
only one case showed a MR and three showed a SD,
for an overall objective response rate of 12.0%. Of
the twenty recipients of peptide vaccine with che-
motherapy, two showed a PR and nine showed a SD,
for an overall objective response rate of 55.0%.

The selection of appropriate medicine is also
important. In basic examinations, we demonstra-
ted that about 60% of gastric cancer cells led to
apoptosis with both paclitaxel (TXL) and docetaxel
(TXT). Expression of Toll-like receptor (TLR)-4
mRNA in DCs was up-regulated by TXT, not by
TXL. CTLs were induced by DCs pulsed with
tumor cell lysate and apoptotic cells showed a simi-
lar killing activity to target cells. These results
suggest that TXT appears to be an optimal antican-

cer agent for combination therapy with chemother-
apy and tumor specific immunotherapy using den-
dritic cells in gastric cancer”.

Vaccine studies need to be accompanied by in-
depth immune monitoring to define assays for pro-
tective lymphocytes, the presence of which corre-
lates with tumor regression and/or improved
survival. CTL assay and delayed-type hypersensi-
tivity (DTH) were used in monitoring cases of pep-
tide pulsed DC subcutaneous vaccination ther-
apy. CTL assay and DTH using CEA652 (9) that
carried out at our facilities were verified"”. One
out of ten cases (10%) was SD, and 3 out of 10 cases
were the induction of the CTL precursor observed
for CTL assay in the peripheral blood of patients
after the completion of 1 cycle (administered three
times). In two cases, positive conversion was
observed for DTH reaction. For the SD case, both
CTL induction and positive conversion for DTH was
observed. A reduction of the CEA value was obse-
rved in 3 patients among the 9 cases of PD. While
the usefulness of CTL assay and DTH in monitoring
cannot be determined solely by verification at this
time, the possibility of observing many clinical reac-
tions could be shown for CEA652 (9) in cases where
positive conversion was observed. de Vries et al.
reported a correlation between the presence of pep-
tide-related T cells in DTH-infiltrating lymphocytes
(DIL) of Stage IV melanoma patients and a pro-
longed PFS. The median PFS of 8 patients with
tumor-reactive T cells in the DIL was 17 months,
whereas that of 18 patients without them was only 2
months (P=0.0012)Y. In addition, a correlation
was found between DTH-positive responses against
tumor lysate and post-vaccination survival in the
other trial'®. The post-vaccination survival of 11
patients with DTH responses was 17.2 months,
whereas that of 9 patients without them was 8.6
months (P=0.026). These results suggest that T
cell responses at skin sites play an important role
for OS, but not for tumor reduction. However, only
a portion of patients showed reactions and thus
overall benefits might not be provided by the pres-
ent protocols of the DC-based vaccine.

DC vaccines are being tried only in late-stage
cancer patients who are immunosuppresed as a
result of extensive radiation, chemotherapy and/or
large tumor burdens. Patient immune response is
important in immunotherapy'®. We administered
DCs to one postoperative advanced pancreatic can-
cer patient as adjuvant chemotherapy. This patient
survived for over six years. In addition, we con-
ducted a phase I study of preoperative intratumoral
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DCs based immunotherapy for advanced resectable
pancreatic cancer patients. Based on our previous
findings, DCs and OK-432 were directly injected
into the tumor in 5 patients by EUS-FNI. In this
series, there were no major complications expect in
one patient undergoing distal pancreatectomy and
reconstruction of common hepatic artery developed
ruptured pseudoaneurysm due to pancreatic fis-
tula. Histological lytic necrosis of tumor was found
in association with marked inflammatory response
surrounding/within the tumor. Giant cells indicat-
ing generation of DTH response were also found.
These histological features were never found in pan-
creatic cancer patients without DC immunotherapy.
Lymphocyte phenotype in regional lymph nodes was
CD4 dominant (CD4>CD8) and lymphocytic cyto-
toxity was enhanced in a dose-dependent manner.
One patient died of a hepatic metastasis 16 months
post operation, but the remaining 4 patients are dis-
ease-free from 2 months to 2 years.

The identification of human tumor antigens
using various molecular biological and immunologi-
cal techniques enabled us to develop immunother-
apy in a more scientific way. More emphasis is
needed on DC quality, by testing DC for their capac-
ity to induce helper and Kkiller T cells with a high
avidity for tumor antigens but few Treg -cells.
Treatment of head and neck squamous cell carci-
noma patients with 1,25(0H)2D3 reduced levels of
immune inhibitory CD34+ cells while increasing
maturation of dendritic cells'”. Since oral adminis-
tration of PSK during DC therapy possibly induces
DC1 and Thl dominance resulting in enhancement
of CTLs induction, the vaccination effect is expected
to persist even in the immunosuppressive
state™™®. Peptides derived from over-expressed
p53 protein are presented by class I MHC molecules
may act as tumorassociated epitopes and thereby act
as target for vaccination. Due to the diversity of
p53 mutations, immunogenic peptides representing
wild-type sequences are preferable as basis for a
broadspectrum pb53-targeting cancer vaccine.
Furthermore, single amino acid modified p53 pep-
tides can increase HLA-A2 binding capacity and
induction of p53-specific cytotoxic T cells. A sig-
nificant fraction of breast cancer patients with pro-
gressive disease obtained disease stabilization dur-
ing treatment with p53-peptide loaded DCs'.
Targeting the mechanisms of tumoral immune toler-
ance with small-molecule inhibitors and siRNA will
be expected for regulation of DCs in vivo in future'®.
MAGRIT provides help in investigating the efficacy
of MAGE-A3 antigen-specific cancer immunothera-

peutic agents in preventing cancer relapse, when
administered after tumor resection, in patients with
MAGE-A3-positive stages IB, II, and IIIA non-
small-cell lung cancer'.

Recently, it has been shown that targeting acti-
vated tyrosine kinases can mediate striking clinical
benefits in several cancers. In 2002, a mutation at
the V60OE amino acid of the BRAF serine/threonine
kinase was described as present in over 50% of mel-
anomas. The mutation appeared to confer a depen-
dency by the melanoma cancer cell on its activation
of the MAP kinase pathway. The frequency and
specificity of this mutation suggests that it may be a
potential target for immunotherapy®”.

One reason for the poor immunogenicity of
many tumors may be that they cannot provide sig-
nals for CD28-mediated costimulation necessary to
fully activate T cells. It has recently become appar-
ent that cytotoxic T-lymphocyte antigen-4 (CTLA-
4) is a negative regulator of T cell activa-
tion. Blockade of the inhibitory effects of CTLA-4
can allow for, and potentiate, effective immune
responses against tumor cells*#?,

The combination of programmed death-1 (PD-1)
blockade with granulocyte macrophage colony-
stimulating factor (GM-CSF)-secreting tumor cell
immunotherapy leads to significantly improved anti-
tumor responses by augmenting the tumor-reactive
T-cell responses induced by cellular immunother-
apy®.

One of the main problems in treating cancer by
vaccine or immunotherapy is that tumors often
evade the body’s immune response. Herber DL et
al. reported that a substantial proportion of DCs in
tumor-bearing mice and people with cancer have
high amounts of triglycerides as compared with DCs
from tumor-free mice and healthy individuals. In
this studies, DCs with high lipid content were not
able to effectively stimulate allogeneic T cells or
present tumor-associated antigens. Lipid-laden
DCs had a reduced capacity to process antigens.
Pharmacological normalization of lipid abundance in
DCs with an inhibitor of acetyl-CoA carboxylase
restored the functional activity of DCs and substan-
tially enhanced the effects of cancer vaccines®”. A
new study of prostate tumors has shown that a gene,
FOXO03, suppresses activation of cells related to
immunity and thus leads to a reduced immune res-
ponse against a growing cancer®.

Basic research is making progress, and for clini-
cal use, some individuals respond dramatically.
The appearance of the cancer antigens and the indi-
vidualized treatment that considers patient immune
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response are important in the immunotherapy®.
The identification of human tumor antigens using
various molecular biological and immunological
techniques enabled us to develop immunotherapy in
a more scientific way, along with up-to-date immune
intervention techniques based on the understanding
of the mechanism at each step of immunological
tumor rejection.  Collectively, these results indicate
that DC-based vaccination could be a promising
treatment modality for various cancers, but multiple
hurdles must be cleared before the development of
an affordable DC-based vaccination can be used
worldwide.

Innovatively, the field of cancer immunotherapy
received an important boost last year with the FDA’s
approval of the first therapeutic cancer vaccine, sip-
uleucel-T (Provenge). The vaccine was approved
for use in some men with metastatic prostate cancer
based on the results of a phase III randomized trial
called IMPACT that demonstrated a more than
4-month median improvement in overall survival
compared with a placebo vaccine. Sipuleucel-T is
being tested in several other clinical trials, including
a phase III study called PROTECT, that involves
men with early-stage, nonmetastatic prostate can-
cer. We would like to expect future development.
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