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Abstract Between March 1999 and May 2000, 18 HLA-
A*0201+ patients with metastatic melanoma were en-
rolled in a phase I trial using a dendritic cell (DC) vac-
cine generated by culturing CD34+ hematopoietic
progenitors. This vaccine includes Langerhans cells. The
DC vaccine was loaded with four melanoma peptides
(MART-1/MelanA, tyrosinase, MAGE-3, and gp100),
Influenza matrix peptide (Flu-MP), and keyhole limpet
hemocyanin (KLH). Ten patients received eight vacci-
nations, one patient received six vaccinations, one pa-
tient received five vaccinations, and six patients received
four vaccinations. Peptide-specific immunity was mea-
sured by IFN-c production and tetramer staining in
blood mononuclear cells. The estimated median overall
survival was 20 months (range: 2–83), and the median
event-free survival was 7 months (range: 2–83). As of
August 2005, four patients are alive (three patients had
M1a disease and one patient had M1c disease). Three of
them have had no additional therapy since trial com-
pletion; two of them had solitary lymph node metastasis,
and one patient had liver metastasis. Patients who sur-
vived longer were those who mounted melanoma pep-

tide-specific immunity to at least two melanoma
peptides. The present results therefore justify the design
of larger follow-up studies to assess the immunological
and clinical outcomes in patients with metastatic mela-
noma vaccinated with peptide-pulsed CD34-derived
DCs.

Introduction

Stage IV melanoma is a fatal disease with a median
survival of 6–10 months [1–3]. Although the overall 5-
year survival rates approach 10% [2, 4, 5], 5-year sur-
vival in patients with visceral metastases is only 5%
[2–4]. Current therapies include cytotoxic chemotherapy
and/or cytokines (reviewed in [6]). The objective clinical
responses to cytotoxic chemotherapy range between 20
and 40% of patients but the median duration of re-
sponse seldom extends beyond 4 months (reviewed in
[3]). Cytokine therapies, e.g., high-dose interleukin-2 or
interferon alpha-2b, lead to durable remissions in about
10% of patients but are associated with formidable
toxicity [3, 6–8]. In prospective randomized trials, the
combination of cytotoxic chemotherapy with cytokines
did not prove more effective in the prolongation of
survival than chemotherapy alone [9, 10].

Since T-cell-defined tumor antigens were discovered
in patients with melanoma [11–15], melanoma has been
a target of choice for immunotherapy [16, 17]. Two
strategies have been pursued: (1) passive immunother-
apy with adoptive transfer of ex vivo generated mela-
noma antigen-specific T cells [18–20], and (2) active
immunotherapy, i.e., vaccination to generate specific
immunity in vivo [21–24]. Adoptive T-cell transfer after
immunosuppression resulted in objective clinical re-
sponses in 50% of patients, thus confirming the role for
T cell immunity in the control of metastatic melanoma
[25–27]. However, passive immunotherapy is not ex-
pected to elicit long-lived effective tumor-specific
immunity. Active immunotherapy with cancer vaccines
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has the potential to induce tumor-specific effectors
resulting in tumor rejection and the induction of long-
lasting tumor-specific memory T cells that might control
tumor outgrowth. Melanoma vaccines have been pur-
sued for nearly 30 years [28–33]; however, limited suc-
cess has been observed in the clinic.

Vaccines rely on encounter with dendritic cells (DCs),
which are ‘‘nature’s adjuvants’’ dedicated to initiate and
regulate immune responses [34, 35]. A lack of an
encounter of vaccine antigen with DCs might result in
the absence of an immune response [36, 37]. An inap-
propriate encounter, for example with non-activated
DCs or with the wrong subset of DCs, may lead to
silencing of immune response [38, 39]. Both of these
scenarios may explain some of the shortcomings in the
development of effective cancer vaccines. However, the
use of ex vivo generated autologous DCs that are loaded
with tumor antigen under controlled conditions might
permit to establish the parameters for optimal vaccina-
tion against cancer. The discovery of methods to gen-
erate large numbers of autologous DCs facilitated such
clinical studies [40–43]. The immunogenicity of antigens
loaded on DCs has now been demonstrated in both
healthy human volunteers [44] and patients with cancer,
where clinical and immune responses have been ob-
served without significant toxicity [45–50]. Additional
clinical studies testing DC subsets and different prepa-
rations of tumor antigens are important to improve
clinical efficacy of DC vaccination in the treatment of
cancer [6, 39, 51, 52]. This is particularly relevant be-
cause distinct DC subsets induce distinct immune re-
sponses, which may or may not synergize in tumor
eradication [35, 53–55].

We have vaccinated patients with metastatic mela-
noma with antigen-loaded DCs derived from CD34+

hematopoietic progenitor cells (CD34-DCs). All patients
received subcutaneous (s.c.) vaccinations twice a week
over 6 weeks, the induction phase [49]. Twelve out of
these 18 patients received additional boosting vaccina-
tions [56]. Here, we report the long-term outcomes of
this phase I trial.

Materials and methods

Study design, patients’ characteristics, and eligibility
criteria

Details have been previously described [49]. Briefly, 18
HLA-A*0201+ patients with metastatic melanoma were
injected s.c. with 4 CD34-DC vaccines in the induction
phase of this trial. Eleven out of these 18 patients en-
tered the consolidation phase to receive four boosting
CD34-DC vaccinations [56]. One patient (Mel#1) re-
ceived one boosting vaccination in different schedule as
detailed later. Inclusion criteria for the induction phase
were: biopsy proven metastatic melanoma; age
‡18 years; Karnofsky performance status >80%; HLA-
A*0201 phenotype; intradermal skin tests that were

positive to a recall antigen; normal blood CD4 and CD8
T-cell numbers by flow cytometry; and normal quanti-
tative immunoglobulin levels. Exclusion criteria in-
cluded: prior chemotherapy or cytokines <4 weeks
before trial entry; untreated central nervous system
(CNS) metastatic lesions; bulky hepatic metastatic le-
sions; pregnancy; or concurrent chronic immunosup-
pressive therapy. Inclusion criteria for the consolidation
phase are described in Results section. At the time of
initial evaluation, all patients were presented with
alternative treatment options and all patients provided
written informed consent. The protocol and consent
forms were approved by the Food and Drug Adminis-
tration, the National Cancer Institute, and the Institu-
tional Review Board.

Preparation and administration of the DC vaccine

The preparation and administration have been described
previously [49]. Briefly, patients received recombinant
G-CSF (Filgastrim, Amgen Corp.) 10 lg/kg/day s.c. for
5 days and then underwent leukapheresis to collect
mobilized CD34+hematopoietic progenitors (HPCs).
Isolated CD34+HPCs were cryopreserved. DCs were
generated by the culture of CD34+HPCs with re-
combinant human GM-CSF (50 ng/ml, Sargramostim,
Immunex Corp.), Flt3-L (100 ng/ml, Immunex Corp.)
and TNF (10 ng/ml, CellPro, Inc. or R&D). On day 8 of
culture, all cells were pulsed overnight with KLH (2 lg/
ml, Intracell), 20% of cells were pulsed separately with
HLA-A*0201-restricted flu-matrix peptide (Flu-MP)
GILGFVFTL58–66 (2.5 lg/ml) and 80% of cells were
pulsed overnight with a mix of 4 HLA-A201-restricted
peptides (2.5 lg/ml) derived from melanoma antigens:
MelanA/MART-127–35: AAGIGILTV; mutated
gp100g209–2M: IMDQVPFSV; Tyrosinase368–376:
YMDGTMSQV; and MAGE-3271–279: FLWGPRALV.
In the induction phase, patients received a 6-week out-
patient vaccination course with antigen-loaded CD34-
DCs given s.c. every 14 days for four vaccinations.
During the induction phase, DCs were administered in a
dose escalation design at the dose level per patient co-
hort of 0.1, 0.25, 0.5, and 1·106 DC/kg/injection. In the
consolidation phase, patients received 4 additional vac-
cines at the uniform dose of 0.25·106 DC/kg/injection
on a monthly basis unless otherwise indicated. DC
vaccinations were administered s.c. in three injection
sites near adjacent lymph nodes (both thighs/upper
arm).

Immunologic monitoring

Peripheral blood mononuclear cells (PBMCs) obtained
from at least two time points before vaccination as well
as at different time points after each CD34-DCs injec-
tion were cryopreserved in aliquots. Coded pre- and
post-immunization PBMCs (either from blood draws or
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apheresis) were thawed and assayed together in a blin-
ded fashion. ELISPOT assay for the detection of anti-
gen-specific IFN-c producing T cells was performed, at
Rockefeller University, as previously described [44, 49,
57]. Briefly, PBMCs from small blood draws
(2·105 cells/well) were added to plates pre-coated with
10 lg/ml of a primary anti-IFN-c monoclonal antibody
(Mabtech, Stockholm) in the presence or absence of
10 lg/ml peptide antigens and incubated for 16 h. The
antigens were the same HLA-A*0201-restricted peptides
(four melanoma peptides and Flu-MP) used in the
manufacture of the DC vaccine. HLA A*0201-restricted
gag peptide was used as a negative control and the assay
was run at least in duplicates and, whenever cell num-
bers permitted, in triplicates. Response was defined as at
least threefold increase in peptide-specific IFN-c ELI-
SPOT and ‡10 spots/2·105 PBMC after 4th DC vacci-
nation and after the last DC vaccination for each
patient. Tetramer staining of circulating CD8+ T cells:
This assay was performed at BIIR using PBMCs from
the before and after the fourth DC vaccination apheresis
product. We did not have sufficient number of samples
stored frozen after the eighth vaccination to analyze
tetramer binding. Streptavidin-PE-labeled tetramers
were purchased from Beckman Coulter. The peptides
used for the tetramers were HLA-A*0201 and included:
MelanA/MART-127–35: ELAGIGILTV; gp100g209–2M:
IMDQVPFSV; Tyrosinase368–376: YMDGTMSQV;
MAGE-3271–279: FLWGPRALV; and control peptides
Flu-MP58–66: GILGFVFTL, and CMV495–563:
NLVPMVATV. Cryopreserved PBMCs from the
apheresis product were thawed in DNAse, washed in
PBS, and resuspended in PBS 2% FCS. The cells were
divided into aliquots of 1·106 cells/well of a 96 wells
plate. Five microliter of each tetramer and 2 ll of CD8
FITC were added to pelleted cells. The pellets were
resuspended and incubated at room temperature for
30 min in the dark. After two washes with PBS the cells
were resuspended in PBS, 5 ll/well of 7AAD (Sigma)
was added at the last minute (to exclude dead cells) and
the cells were analyzed immediately using four-color
flow cytometry. The data were acquired using live gating
to acquire 20,000 CD8+T cells for each sample from
each patient. The data are presented as a percentage of
CD8+T cells that bind tetramer (Fig. 1a). In the rare
situations T cells were gated on CD3high staining instead
of CD8. Patient samples were thawed, stained, and
analyzed in at least three independent experiments.
Controls included the staining and analysis, using both
control and melanoma antigen tetramers, of (1) frozen
PBMCs obtained from apheresis of 19 healthy volun-
teers (12 without and 7 post-G-CSF mobilization), (2)
PBMCs from three healthy volunteers frozen at two
different time points over a 1-year period. Intra- and
inter-assay reproducibilities were assessed using samples
from a single patient (not shown). Three independent
samples were assessed either in the same experiment or
in three consecutive experiments (not shown). Both in-
tra- and inter-assay reproducibilities were high.

Clinical monitoring

The trial was initiated in 1999 and the majority of pa-
tients completed the four vaccinations by mid-2000.
Patients underwent computed tomographic (CT) scan-
ning, magnetic resonance imaging (MRI), positron
emission tomography (PET) scanning or physical
examination (PE). Whenever possible, scans were per-
formed within 6 weeks of the first vaccination and,
within 30 days after the fourth vaccination and after the
eighth vaccination. However, some of the patients were
assessed outside these time frames. All charts were re-
viewed by an independent outside clinical monitor.
Scans were reviewed by two independent radiologists.
Progressive disease means the appearance of ‡1 new
lesions or ‡20% increase as defined by RECIST criteria
[58]. Non-progressive disease means the absence of dis-
ease progression as defined above. No evidence of dis-
ease (NED) means that we could not observe metastatic
lesions after DC vaccination. However, since several of
these patients had either physical examination or PET
scan only, we cannot determine objective clinical re-
sponses using RECIST criteria.

Statistics

Spearman correlation was used as indicated and per-
formed using non-transformed data. Survival was cal-
culated using Kaplan–Meier estimation [59] based on
log rank analysis of difference.

Results

Patient demographics and vaccination schedule

Between March 1999 and May 2000, 18 consecutive
HLA-A*0201+ patients with metastatic melanoma
underwent vaccinations with peptide and KLH-pulsed
CD34-DCs. The patient’s age ranged from 37 to
73 years (median, 51 years). Prior therapies included
surgery (13 patients), chemotherapy with or without
cytokine therapy (4 patients), cytokine therapy (2 pa-
tients), and radiation therapy (6 patients). One patient
(Mel patient #9) had a past history of melanoma cell
vaccine while in stage III of the disease (Table 1).

The trial consisted of two phases: (1) an ‘‘induction’’
phase in which all patients received four DC vaccina-
tions every other week over a 6-week period [49], and (2)
a ‘‘consolidation’’ phase in which 11 patients were en-
tered to receive additional four boosting vaccinations
[56]. Mel patient #9 and 10, with low tumor burden
(solitary lymph node metastasis), received additional
vaccines 2, 5, 9, and 15 months after their fourth vac-
cination. Among the remaining patients, eight (Mel
patients #4, 8, 12, 13, 16, 18, 19, and 21) received
additional vaccinations on each month’s beginning
approximately 2 months after their fourth vaccination.
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Mel patient #17 received two additional vaccinations
but was removed from the protocol due to disease pro-
gression. One patient, Mel#1, received a single addi-
tional vaccination on individual schedule, approximately
8 months after his fourth vaccine. This patient showed
late post-irradiation brain edema (a therapy that was
completed before entry on DC vaccine trial). Dexa-
methasone treatment was administered and this patient
was removed from the protocol. There were no adverse
clinical events associated with DC vaccination except for
the enhancement of pre-existing vitiligo in two patients
as reported earlier [49].

Melanoma peptide-specific immune responses
in the blood

The immune responses were analyzed prior to treatment,
after four vaccinations of the induction phase (at
10 weeks), and after the last vaccination of the consoli-

dation phase. Melanoma immunity was measured by
assessing melanoma peptide-specific IFN-c production
in short-term assays: (1) overnight culture (direct ELI-
SPOT); and (2) 1-week culture without cytokine sup-
plement (recall ELISPOT) [49]. The response to
melanoma peptides was considered positive if there was
‡threefold increase and >10 spots/2·105 PBMCs in
post-DC vaccine blood samples as compared to baseline
levels [49]. The breadth of melanoma immunity was
defined as the number of melanoma peptides loaded on
the vaccine to which the immune response was induced.

As reported previously [49, 60], 13 patients displayed
IFN-c response to at least two melanoma peptides in
either of the assays (overnight culture or recall assay)
after four DC vaccinations. To validate that IFN-c
production upon exposure of PBMCs to peptide reflects
the presence of peptide-specific T cells, we measured the
frequency of CD8+T cells binding MHC class I tetra-
mers containing vaccine peptides (Fig. 1 and not
shown). This analysis could be performed in 12 patients

Fig. 1 Tetramer staining on
uncultured cells. a PBMCs, at
baseline (left plot) and after
four vaccines (right plot) are
thawed, stained with MART-1
tetramer and 7AAD, and
analyzed by FACS. Gating
strategy: live cells were first
gated based on low side scatter
(SSC) properties and exclusion
of 7AAD (viability dye) (R1);
next, lymphocytes were gated
based on forward scatter (FSC)
properties (R2), and high CD8
expression (R3) as we have
learned that CD8 medium
staining cells are often
apoptotic and therefore
represent a confounding
parameter; finally, high-
intensity tetramer-binding cells
were measured (R4). b
Percentage of MART-1
tetramer+CD8+T cells
(ordinate) in melanoma patients
and healthy volunteers (HV,
green bars) (abscissa). Patient
samples (apheresis) were
analyzed in at least three
different experiments at baseline
(black bars) and after four DC
vaccinations (red bars). Average
and standard deviation are
shown for each patient
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before and after four vaccinations using uncultured
PBMCs. Before vaccinations, patients displayed
MART-1 peptide-specific CD8+T cells in a range com-
parable to that observed in healthy controls (median
percentage of MART-1 tetramer-binding CD8+T
cells=0.04, range: 0.01–0.17, and median=0.05, range:
0.01–0.23 in melanoma patients and healthy controls,
respectively, Fig. 1). Yet, as we have shown previously,
T cells at baseline are virtually incapable of cytokine
production upon exposure to MART-1 peptide [49, 60].
Six patients (Mel #5, 9, 12, 17, 18, and 19) displayed
‡twofold increase in CD8+T cells specific for MART-1/
Melan A peptide after 4 DC vaccinations (Fig. 1b).
MAGE-3, gp100 or tyrosinase tetramers demonstrated
low-intensity staining and the frequency of <0.1% of
CD8+T cells (data not shown).

CD8+T cells specific to the viral peptide Flu-MP
were detectable, before vaccination, at comparable fre-
quencies in both patients and healthy controls (median
percentage=0.04, range: 0.03–0.3, and median=0.07,
range; 0.2–0.17, respectively). These T cells were in-
creased ‡twofold post-DC vaccination in two patients
(Mel#5 and 8, not shown). The frequency of cytomeg-
alovirus (CMV) peptide-specific CD8+T cells, measured
at the same time points, has not changed (median per-
centage=0.16, range: 0.003–3.5 at baseline, and med-
ian=0.13, range: 0.007–10 after four DC vaccines,
respectively; P=0.38, not shown) consistent with the
lack of CMV peptide on DC vaccine. This suggests that
the increase in MART-1- and Flu-MP- peptide-specific
CD8+T cells could be assigned to DC vaccination.
Furthermore, we found a correlation between the fre-

quency of MART-1 and Flu-MP tetramer-binding
CD8+T cells in uncultured blood after four DC vacci-
nations and the IFN-c release in PBMCs exposed to
these peptides in the direct, overnight culture, ELISPOT
(Fig. 2a, b, respectively). This was interesting as many
studies failed to observe such correlation [61]. We view
these results as a confirmation of the ELISPOT assay
and indication that IFN-c production upon peptide
exposure reflects the presence of antigen-specific CD8+T
cells. The analysis of Flu-MP peptide-specific CD8+T
cells demonstrated that in all patients the T cells were
functional and secreted IFN-c (Fig. 2a). However, in
four patients MART-1 peptide-specific CD8+T cells did
not secrete IFN-c (Fig. 2b) suggesting either anergy or
secretion of cytokines other than IFN-c.

Seven out of 11 analyzed patients that received
boosting vaccinations displayed, after their last DC
vaccination, IFN-c secreting CD8+T cells specific to at
least two melanoma peptides (Table 2).

Current status

As of August 2005, 4/18 patients were alive, the
remaining having died of progressive metastatic mela-
noma. The estimated median overall survival was
20 months (range: 2–83 months). The estimated median
event-free survival from study entry (either disease
progression or other therapy) was 7 months (range: 2–
83 months).

Mel patients #1, 9, and 21 remain disease-free as of
August 2005. Mel patients # 1 and 9 had limited disease

Table 1 Patient demographics

Patient number Previous therapy Time to metastatic
disease (months) date

Date on
study

Disease sites

Age 59-M (Mel 1) Surgery/RT CNS (36) 5/1/98 3/10/99 PET: retroperitoneal LN; M1a
Age 55-M (Mel 2) Chemo/IL-2 IFN alpha (24) 7/1/98 4/3/99 CT/MRI/PE : skin, LN, CNS, liver,

lung ; M1c
Age 43-F (Mel 3) Surgery (6) 3/1/99 5/14/99 CT/PE: skin, LN, bones, and liver;

M1c
Age 43-F (Mel 4) Chemo/IL-2 IFN alpha (82) 12/1/98 5/21/99 CT: subcarinal LN mass,

pulmonary nodule; M1b
Age 44-M (Mel 5) Chemo/IL-2 IFN alpha (10) 12/1/98 6/26/99 CT/X-ray/PET: spleen, liver,

and pulmonary nodules; M1c
Age 36-M (Mel 6) Surgery/IL-2 (30) 12/1/98 9/1/99 CT/PE: skin nodules and LN; M1a
Age 61-F (Mel 8) Surgery/RT Ocular (69) 6/1/99 10/1/99 CT/PE: skin, liver, lung; M1c
Age 44-M (Mel 9) Surgery/RT CNS cell vaccine (10) 11/1/94 10/5/99 PE: axillary LN mass; M1a
Age 50-M (Mel 10) Surgery (144) 10/1/98 10/16/99 PE: femoral LN next to biopsy

proven LN; M1a
Age 56-F (Mel 12) Surgery/RT CNS (35) 3/1/99 10/28/99 MRI/PE: skin nodule, CNS ; M1c
Age 50-M (Mel 13) Surgery/RT CNS (1) 5/1/99 10/29/99 MRI/CT: axillary LN and CNS; M1c
Age 43-F (Mel 15) Surgery/ IFN alpha (1) 11/1/99 2/16/00 PET: LN, lung and spleen; M1b
Age 73-M (Mel 16) Chemo (96) 1/1/00 3/2/00 CT: retroperitoneal LN, liver; M1c
Age 57-F (Mel 17) Surgery (40) 2/1/00 3/15/00 CT/PET: lung nodule; M1b
Age 69-F (Mel 18) Surgery for vulvar melanoma (3) 2/1/00 3/18/00 CT/PET/PE: pericardial nodule

and vaginal wall; M1b
Age 67-M (Mel 19) RT (6) 11/1/99 3/29/00 PET/PE: parotid nodule; M1a
Age 40-F (Mel 20) Surgery (44) 12/1/99 5/4/00 PET/PE: LN, liver and chest wall; M1c
Age 66-M (Mel 21) Surgery (1) 4/1/00 5/9/00 Hepatic, lymph node (M1c)

Patient age, gender, previous therapy, time to metastatic disease and to study entry as well as disease sites on entry
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confined to solitary lymph node involvement at the time
of study entry; however, both patients had CNS meta-
static disease at initial onset of metastatic disease that
was resected and followed with radiotherapy. Mel pa-
tient #21 had several liver metastases and lymph node
involvement. This patient experienced a complete
regression of metastatic disease. Mel patient #8 has re-
ceived additional therapy after protocol completion. Mel
patient #10 had local disease progression 11 months
after the completion of protocol. After surgery this pa-
tient was enrolled in other DC vaccination trial. This
patient remains alive after yet another surgical removal
of locally recurring melanoma.

Melanoma peptide-specific immunity and survival

As shown in Table 2, 4/4 patients who were alive as of
August 2005 demonstrated immunity to 3–4 melanoma

peptides after the four CD34-DC vaccinations (median:
3, range: 3–4) and to ‡2 melanoma peptides at the end of
the trial, i.e., after eighth vaccination (median: 3, range:
2–4). Only six out of 14 deceased patients showed, after
four vaccinations, immunity to 3–4 melanoma peptides
with overall median number of antigens=2 (range: 0–4)
(Table 2). Eight of these patients received additional
boosting vaccinations and only two of them had
immunity to >2 melanoma peptides after their last
vaccination (median: 1.5, range: 0–3; Table 2).

These observations prompted us to analyze whether
survival would be associated with the immune status
after the four CD34-DC vaccines, i.e., induction phase.
The estimated overall survival (Fig. 3a–c) was signifi-
cantly higher in patients who mounted immune re-
sponses (Fig. 3a) and it was improved in patients who
mounted immune response to more than one melanoma
antigens (Fig. 3b, c). Similarly, event-free (Fig. 3d) sur-
vival was significantly longer in patients with immunity

Fig. 2 Peptide-specific IFN-c
secretion correlates with the
frequency of tetramer-binding
CD8+T cells. a Percentage of
MART-1 tetramer+ and (b)
Flu-MP tetramer+CD8+T
cells (ordinate) correlates with
direct MART-1 or Flu-MP-
specific IFN-c ELISPOT
(abscissa, number of spots/
2·105 PBMCs). Non-
parametric Spearman
correlation, axes are log
transformed for visualization

Table 2: The breadth of melanoma peptide-specific immunity and survival

Status Mel# Overall survival Event-free survival # Mel Ags DCs # Mel Ags DCs

Alive as of August 2005 Mel 1 83 83 4 ND
Mel 9 69.5 69.5 4 4
Mel 10 69 32 3 3
Mel 21 63 63 3 2

Median 71 62 3.5 3
Range 63–83 32–83 3–4 2–4
Deceased Mel 2 8.5 3.5 2 ND

Mel 3 5 5 0 ND
Mel 4 16 11 4 1
Mel 5 25 5 4 ND
Mel 6 8.5 5 1 ND
Mel 8 61.5 12.5 3 2
Mel 12 24 19 3 3
Mel 13 14 13 0 2
Mel 15 8 3 1 ND
Mel 16 10 7 4 0
Mel 17 15 6.5 4 0
Mel 18 47 7 2 3
Mel 19 36 24 2 1
Mel 20 2 2 1 ND

Median 14.5 6.75 2 1.5
Range 2–61.5 2–24 0–4 0–3

Overall and event-free survival (months) and number of melanoma peptides to which IFN-c response was elicited by DC vaccinations.
Number of melanoma antigens to which the response was detected after four (four DCs) and after eight (eight DCs) vaccinations. A
positive response to melanoma antigen was considered as at least threefold increase in peptide-specific IFN-c ELISPOT and ‡10 spots/
2·105 PBMC
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to more than one melanoma peptides. This association
between prolonged survival and immunity to more than
one melanoma antigens was also true when the immune
response of the patients was analyzed after their last
vaccination (P=0.02, not shown).

Discussion

Our results indicate that vaccination of metastatic mel-
anoma patients with antigen-pulsed CD34-DCs resulted

Fig. 3 Breadth of melanoma peptide-specific immunity and sur-
vival. Overall (a–c) and event-free (d) survival in patients who
mounted immunity to none (a), one (b) or more than one (c)
melanoma antigens. A positive response to melanoma antigen was

considered as at least threefold increase in peptide-specific IFN-c
ELISPOT and ‡10 spots/2·105 PBMC. Logrank test. Survival
proportions (ordinate) at indicated time (abscissa), status as of
August 2005
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in enhanced immunity to several melanoma peptides
present on the vaccine. Patients who have survived
longer are those in whom vaccination with CD34-DCs
elicited T-cell immunity to at least two melanoma pep-
tides, consistent with our previous report on early out-
comes [49]. The association of longer survival with the
presence of T cells specific to multiple melanoma pep-
tides is difficult to interpret in a single arm trial with
small number of patients who received different number
of vaccinations. The determination of a causative link
will require a randomized trial with larger number of
patients. Nevertheless, our observation that seven of ten
patients with DC vaccination-induced immunity to at
least two melanoma peptides survived longer than the
median survival of 20 months suggests a positive cor-
relation. Furthermore, this is one of very few studies
thus far [48], reporting long-term outcomes of thera-
peutic DC vaccination protocols.

Three of four patients who were alive had no addi-
tional therapy since the completion of the trial; two of
them had lymph node metastasis and one patient had
lymph node involvement as well as several liver metas-
tases. Both of the patients with the lymph node metas-
tases only at the time of study entry had previously
treated CNS metastatic disease. However, four of these
patients had a relatively long interval between the diag-
nosis of melanoma and the development of overt meta-
static disease before DC vaccination. This factor could
predict for long-term survival post-vaccination. Further,
patients with complete surgical resection of isolated vis-
ceral metastases or lymph nodes involved with melanoma
may experience significant survival comparable to that
seen in this study with no additional therapy. Both of our
patients with metastatic nodal metastatic disease were
offered additional surgery rather than vaccination but
declined. One of these patients had upper abdominal
retroperitoneal nodal metastatic disease. Both of these
patients had previous surgical resection of CNS meta-
static disease and superficial metastatic nodes prior to
participation in the clinical trial.

Interestingly, even though MART-1-specific T cells
can be detected in the tetramer-binding assays, we did
not find statistically significant correlation between the
frequency of MART-1-specific T cells and the patient
survival (P>0.05, not shown). This is consistent with
our observations that a single specificity might not be
sufficient. Furthermore, T cells with other specificities
might be more relevant for long-term outcomes, how-
ever, they cannot be detected in fresh, i.e., non-stimu-
lated blood. Indeed, T cells might migrate from the
blood to peripheral tissue (tumor site) [62] where, simi-
larly to virus-specific CD8+T cells, they might persist
[63], or be consumed as effectors at the tumor site [64].

The composite DC vaccine used in this trial is gener-
ated by culturing hematopoietic progenitor cells with
GM-CSF and TNF. This composite vaccine consists of
three immunophenotypically and functionally distinct
DC subtypes including Langerhans cells [42, 49]. Such
heterogeneous DC population may yield a heterogeneous

population of effector T cells thus improving vaccine
efficacy [65]. Furthermore, we have used several mela-
noma peptides to load the CD34-DC vaccines. The use of
multiple peptides might facilitate activation/induction of
T cells with multiple specificities, which might better
control the disease and prevent tumor escape.

Thus, the results of long-term follow-up of our pa-
tients reinforce our early observation that vaccination of
humans with tumor peptide-loaded DCs may lead to the
induction of tumor peptide-specific immunity. This tu-
mor peptide-specific immunity is associated with long-
term survival. Large-scale randomized studies are now
necessary to assess the immunological and clinical re-
sponses to peptide-pulsed CD34-DC vaccines.
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