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Abstract Dendritic cells (DC) are the most potent antigen
presenting cells and have proven eVective in stimulation of
speciWc immune responses in vivo. Competing immune
inhibition could limit the clinical eYcacy of DC vaccina-
tion. In this phase II trial, metronomic Cyclophosphamide
and a Cox-2 inhibitor have been added to a DC vaccine
with the intend to dampen immunosuppressive mecha-
nisms. Twenty-eight patients with progressive metastatic
melanoma were treated with autologous DCs pulsed with
survivin, hTERT, and p53-derived peptides (HLA-A2+) or
tumor lysate (HLA-A2¡). Concomitantly the patients were
treated with IL-2, Cyclophosphamide, and Celecoxib. The
treatment was safe and tolerable. Sixteen patients (57 %)
achieved stable disease (SD) at 1st evaluation and 8
patients had prolonged SD (7–13.7 months). The median
OS was 9.4 months. Patients with SD had an OS of
10.5 months while patients with progressive disease (PD)
had an OS of 6.0 months (p = 0.048) even though there

were no diVerences in prognostic factors between the two
groups. Despite the use of metronomic Cyclophosphamide,
regulatory T cells did not decrease during treatment. Indi-
rect IFN-� ELISPOT assays showed a general increase in
immune responses from baseline to the time of 4th vaccina-
tion. Induction of antigen-speciWc immune responses was
seen in 9 out of 15 screened HLA-A2+ patients. In conclu-
sion, the number of patients obtaining SD more than dou-
bled and 6-month survival signiWcantly increased compared
to a previous trial without Cyclophosphamide and Cele-
coxib. A general increase in immune responses against the
tested peptides was observed.
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Introduction

Patients with advanced melanoma have a poor prognosis
with a 5-year survival rate under 3 % [1], a median overall
survival of 6–9 months [2], and only limited treatment
options. Chemotherapy (dacarbazine, temozolomide) results
in low rates of partial responses of short duration and no
impact on survival [3]. High-dose Interleukin (IL)-2 and
Interferon (IFN)-alpha have shown to be eVective in a small
group of patients with a response rate of 15–20 % and 5 %
long-time survivors [4, 5]. Recently; two new drugs have
been successful in the treatment of metastatic melanoma,
the anti-CTLA4 antibody, Ipilimumab, and the BRAF
inhibitor, Vemurafenib [6, 7]. Still, the majority of patients
with metastatic disease will eventually progress on these
treatments leaving a need for the development of new treat-
ment modalities.
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Dendritic cells (DC) are the most potent antigen present-
ing cells and have proven eVective in stimulation of speciWc
immune responses in vivo [8, 9]. Immature DCs take up
antigens in the periphery, present them on the surface
through their major histocompatibility complex (MHC),
and migrate to the lymph nodes where they meet and acti-
vate T cells. DC vaccines are composed of peripheral blood
monocytes that are matured into DCs and pulsed with anti-
gens in vitro before they are injected into the patient.

Although many DC vaccination trials have been con-
ducted through the last decades, clinical beneWt for the
majority of patients still needs to be conWrmed. An
obstacle to successful immunotherapy might be immu-
nosuppressive mechanisms such as regulatory T cells
(Tregs) [10] and myeloid-derived suppressor cells
(MDSCs) [11]. IL-2 stimulates T-cell proliferation and
is therefore used in combination with DC vaccinations,
but it has previously been demonstrated that the number
of Tregs increases signiWcantly during DC vaccination
and IL-2 treatment [12–14]. Attention has therefore been
on reducing these suppressors and hereby enhance the
activity of immunotherapy. Chemotherapy, anti-CTLA-4
antibody, CD25-antibody, and Denileukin diftitox (ONTAK)
are some of the drugs investigated for inhibiting the
immunosuppressing eVect of Tregs [10, 15–17]. Low-
dose Cyclophosphamide has proven eVective in selec-
tively targeting Tregs by decreasing the number and
inhibiting the suppressive activity of these cells [18–20].
Also, Cyclooxygenase (Cox)-2 inhibitors ought to be
able to inhibit immunosuppressive cells, Tregs as well as
MDSCs. Cox-2 is an enzyme induced during inXamma-
tory conditions and it is involved in the production of
prostaglandins which are known to induce MDSCs and
Tregs [21–23]. In addition, the inhibition of cytotoxic T
cells by Tregs is prostaglandin dependent. Therefore,
inhibition of Cox-2 could lead to a decrease in the num-
ber of MDSCs and Tregs and impaired function of these
cells [24–27].

In this phase II trial, we have combined a DC vaccine
with IL-2, Cyclophosphamide, and a Cox-2 inhibitor with
the intend of stimulating cancer-speciWc T cells and at the
same time diminishing the inXuence of the immunosup-
pressive milieu. Clinical eYcacy in terms of objective
response, progression-free survival (PFS), and overall
survival (OS) has been assessed. Evaluation of immune
responses has been performed using Enzyme-linked
Immunosorbent spot (ELISPOT) and T-cell staining with
HLA multimers to describe the induction of vaccine-
induced speciWc T cells. Furthermore, the impact of the
treatment on the immunosuppressive cells has been evalu-
ated. Results from this study were compared to results
from a previous trial using the same DC vaccine but
diVerent adjuvants.

Methods

Study design

The study is carried out according to an amendment to a pre-
viously described protocol [14]. Twenty-eight patients were
enrolled in this open-labeled, non-randomized phase II trial
(www.clinicaltrials.gov, IdentiWcation no. NCT00197912)
from October 2008 to January 2010.

The primary aim of the study was to evaluate tolerability
and safety, whereas the secondary and tertiary aims were to
evaluate immunological and clinical response and to deter-
mine PFS as well as OS.

The study was approved by the ethics committees (H-KA-
04071-S), the Danish Medicines Agency (jour.nr. 2612-
2596), and the Danish Data Protection Agency and conducted
in accordance with the Helsinki declaration. Written informed
consent was obtained from all patients.

Patients and treatment

Patients with metastatic malignant melanoma in progres-
sion (according to response evaluation criteria in solid
tumors (RECIST)), performance status (PS) · 1 (ECOG-
WHO-scale), and absence of brain metastases were
eligible. Detailed eligibility criteria have been described
elsewhere [14].

The DC vaccines were generated as previously described
[14] and all procedures were performed according to Good
Manufacturing Practice (GMP) as approved by the Danish
Medicines Agency. In short, autologous PBMCs were iso-
lated by leukapheresis, and monocytes were further isolated
and cultured for 8 days. On day 6, maturation of DCs was
performed using IL-1�, TNF-�, IL-6, and PGE2. Aliquots
of 1 £ 107 DCs were frozen using automated cryopreserva-
tion. Microbiologic and endotoxin tests of DCs were per-
formed before use and were negative at all times.

For HLA-A2¡ patients, autologous or allogeneic
tumor cell lysate was added to the DC culture before
maturation. The source of the allogeneic tumor lysate is
depicted in online resource 3. After cryopreservation, the
DCs were thawed and incubated with 100 �g/mL key-
hole limped hemocyanin (KLH) (Intracel Resources,
Frederick, MD, USA) before administration. For HLA-
A2+ patients, DCs were pulsed with peptides before
cryopreservation using 40 �g/mL of each HLA-matched
survivin, telomerase and p53 peptide (if p53 expression
was detected in more than 5 % of the tumor by immuno-
histochemical staining), and a pan-HLA class II-binding
T-helper activating peptide, PADRE (Schäfer-N, Copen-
hagen, Denmark).

Antigen-pulsed DCs were subjected to phenotypic anal-
ysis as previously described [14]. The cells were stained by
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incubation with monoclonal antibodies against CCR7,
CD54, DC-SIGN, Tem8 (R&D Systems), CD1a, CD40,
CD58, CD80, CD86, CD195, CD70, CD85, CD137L,
CD273 (BD Pharmingen), HLA-DR, CD25, CD4 (BD),
CD83 (Caltag Lab (Trichem)), CD123 (Miltenyi), CD205
(Serotec), and PD-L1 (ebioscience) together with the rele-
vant isotype controls to analyze the expression of cell sur-
face antigens. PE-lineage (Lin) cocktail was prepared for
simultaneous labeling and exclusion of T cells, monocytes,
and B cells by antibodies against CD3, CD14, and CD19
(BD).

On the day of vaccination, 1 vial with a minimum of
5 £ 106 DCs was thawed, washed twice, and resuspended
in 500 �L X-VIVO 15 and transferred to a 0.5 mL syringe
for injection. The vaccine was injected intradermally (i.d.)
into the inguinal region. Patients were treated weekly for
4 weeks, the next 6 vaccines were given biweekly, and the
following vaccines were given every 4th week. Concomi-
tantly the patients were treated with subcutaneous injection
of IL-2 (proleukin®, Novartis), 2 MIU daily for 5 days fol-
lowing each vaccine except the Wrst, Cyclophosphamide
(Sendoxan®, Baxter), 50 mg twice a day for 1 week altering
with 1 week oV treatment, and Wnally a Cox-2 inhibitor
(Celecoxib®, PWzer), 200 mg daily throughout the study
period (the treatment schedule has been depicted in online
resource 1).

Clinical evaluation

Evaluation with CT or positron emission tomography
(PET)/CT scan and clinical examination were performed at
baseline, after 6 and 10 vaccines plus every 3rd month
thereafter. Continuous treatment was oVered to patients
without disease progression at time of evaluation. Evalua-
tion was performed according to RECIST version 1.0 and
adverse events were graded according to National Cancer
Institute Common Terminology Criteria for adverse Events
(CTCAE) version 3.0.

A skin test for delayed type hypersensitivity (DTH) reac-
tion was performed as an i.d. injection of 5 £ 106 antigen-
pulsed DCs on the palmar side of the forearm at inclusion,
after 4, 6, and 10 vaccines. Negative controls were
unpulsed DCs and media alone. A more than 2 mm red
induration area after 48 h was deWned as a positive DTH
skin test reaction.

Immunological evaluation

Blood tests for immunological evaluation were performed
at inclusion, after 4, 6, and/or 10 vaccines and thereafter
every 3rd month until disease progression. PBMCs were
analyzed for peptide-speciWc T-cell reactivity using HLA-
multimer staining. Moreover, blood samples from HLA-A2+

patients vaccinated with peptide-pulsed DCs were analyzed
using an IFN-� ELISPOT assay.

Monitoring of T-cell responses by use of HLA multimers

Peptide-HLA (pHLA) complexes were generated as pre-
viously described [28]. Each pHLA multimer was gener-
ated in two diVerent colors. By use of eight Xuorescent
streptavidin (SA) conjugates (SA-PE, SA-APC, SA-PE-
Cy7, SA-QD585, SA-QD605, SA-QD625, SA-QD655,
and SA-QD705; Invitrogen), we generated 27 unique
color codes. This procedure has previously been described
in detail [29]. Virus-speciWc epitopes were included as
positive controls.

All T-cell stainings were performed on cryopreserved
material. Around 106 cells were stained with multimers,
following incubation with the surface markers CD8-
Alexa700 (Caltag), CD4¡, CD14¡, CD16¡, CD19¡
(BD), and CD40-FITC (AbD SeroTec) and a dead cell
marker (NIR-ViD; Invitrogen). Before analysis, cells were
washed twice (PBS, 2 % FCS). Data acquisition was per-
formed on a LSR-II Xow cytometer (BD) and data analysis
was carried out using FacsDiva software (BD).

ELISPOT assays

IFN-� ELISPOT assays were applied as previously
described [30]. PBMCs were thawed and stimulated once in
vitro with pool of peptides prior to analysis as described
[31]. Peptides were pooled into three pools: survivin,
hTERT, and p53. After 7 days in culture with 25 �g/ml of
each peptide in the pool and 20 U/ml IL-2 (PeproTech,
London, UK), cells were analyzed in ELISPOT. BrieXy,
nitrocellulose bottomed 96-well plates (MultiScreen MAIP
N45; Millipore) were coated overnight with INF-� capture
monoclonal antibodies (mAb) (Mabtech, Nacka Strand,
Sweden). The wells were washed, blocked by X-vivo
medium. PBMC were added in duplicates at 105 cells/well
with or without 5 �g/ml of each peptide in the pool. The
plates were incubated overnight at 37ºC in 5 % CO2 air.
The following day, medium was discarded and the wells
were washed prior to addition of appropriate biotinylated
secondary mAb (Mabtech). The plates were incubated at
room temperature for 2 h, washed, and Avidin-enzyme con-
jugate (AP-Avidin; Calbiochem/Invitrogen Life Technolo-
gies) was added to each well. Plates were incubated at room
temperature for 1 h and the enzyme substrate NBT/BCIP
(Invitrogen Life Technologies) was added to each well and
incubated at room temperature for 5–10 min. Upon the
emergence of dark purple spots, the reaction was termi-
nated by washing with tap water. The spots were counted
using the ImmunoSpot Series 2.0 Analyzer (CTL Analyz-
ers). A positive response was deWned as a minimum of 50
123
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spots/well when background was subtracted and at least a
twofold increase in spot number over background.

Monitoring of myeloid-derived suppressor cells

Flowcytometric MDSC analyses were performed using a
FACSCanto A (BD) and FACSDiva software. Monocytic
MDSC were deWned as HLA-DR¡lin¡CD33+CD11b+CD14+

CD15¡ and granulocytic MDSC as HLA-DR¡lin¡CD33+

CD11b+CD14¡CD15+ [32], lineage meaning CD3CD19
CD56. Mouse serum (Caltag code no 10410) was used for
blocking of unspeciWc binding. Antibodies to CD33-PE-Cy7
(DAKO), HLA-DR–PerCP, CD3¡, CD19¡, CD56-PE-Cy7,
CD11b-APC, CD14-APC-Cy7 (BD), and CD15-paciWc
blue (Biolegend) were used together with relevant isotype
controls to analyze the occurrence of MDSC.

Statistics

Survival was measured using the Kaplan–Meier method
and was deWned as the time interval from the 1st vaccina-
tion until death or last date of follow-up. Time from 1st
vaccination until exclusion from the trial due to disease
progression or poor health is deWned as progression-free
survival.

Wilcoxon Signed Rank test was used for calculation
of diVerences between immune responses and for
diVerences between the MDSC subsets. For calculating
diVerences between groups of patients, a Mann–Whitney
U-test was applied. p values < 0.05 were considered sig-
niWcant.

Results

Patient characteristics

Between October 2008 and January 2010, 58 patients with
veriWed progressive metastatic malignant melanoma were
screened for inclusion. Twenty-nine patients were excluded
prior to leukapheresis due to brain metastases (13 patients),
poor PS (7 patients), alternative treatment (3 patients),
increased liver parameters (3 patients), patients’ wish (2
patients), and none progressive disease (1 patient). 1 patient
went through leukapheresis but did not receive any vac-
cines due to rapid progression and death. These patients are
not included in the analysis. Of the 28 patients treated and
included in the analysis, 25 were evaluable for response.
Two patients were excluded prior to the 1st evaluation
(after 5 vaccines) due to rapid progression and 1 was
excluded after 4 vaccines due to anemia and refusal of
blood transfusion (Flow diagram has been presented in
online resource 2).

Patient characteristics are shown in Table 1. Patients’
mean age was 58 years (range 22–82), approximately 75 %
were males and all had visceral and/or bone metastases
except 1 patient with widespread lymphatic and subcutane-
ous disease. All patients had been treated for their disease
before entering the trial, although 2 patients had only
received local radiotherapy.

Vaccine characterization

DC preparations from 15 randomly selected patients were
analyzed for phenotypic surface markers. The DC pheno-
type was characteristic for mature myeloid DC, expressing
several maturation associated markers (HLA-DR, CD83)
co-stimulatory markers (CD40, CD80, CD86), adhesion
molecules (CD54, CD58, DC-SIGN), and the homing
marker CCR7 but also inhibitory molecules were expressed
(PD-L1). Markers for other cell types (CD123, stem cells,
and CD14, monocytes) were expressed with diVerent inten-
sity. The phenotypic characteristics are shown in Fig. 1a.

Several phenotypic markers show large diVerences
among the patients. Especially 1 patient (patient no. 125)
with rapidly progressive disease had a non-optimal pheno-
typic proWle that diVered from the rest of the patients.
Figure 1b shows the phenotype of this patient (patient no.
125) in comparison with the phenotype from two patients
who had SD for the longest period (patient no. 120 and
patient no. 130).

When looking at the phenotypic proWle for patients hav-
ing prolonged SD (SD for 7 months or more) and compar-
ing this proWle with the rest of the patients (PD at 1st or 2nd
evaluation), it shows a trend toward a more optimal expres-
sion of relevant markers (higher CD80, CD86, CCR7,
HLA-DR, DC-SIGN, and lower CD123 and CD14 expres-
sion [11, 33]) for the Wrst group of patients (Fig. 1c).

Treatment

Nineteen patients were HLA-A2 positive and 17 of these
received autologous DCs pulsed with peptides (Online
resource 3). One HLA-A2+ patient was initially mistakenly
classiWed as HLA-A2¡ and received autologous DCs
pulsed with allogeneic tumor lysate. Another HLA-A2+

patient preferred on having DCs pulsed with autologous
tumor lysate instead of peptides. Eight HLA-A2¡ patients
received autologous DCs pulsed with allogeneic tumor
lysate and 1 HLA-A2¡ patient received autologous DCs
pulsed with autologous tumor lysate.

Due to anemia and thrombocytopenia, 3 patients (Pt. no.
102, 132, and 140) did not receive Cyclophosphamide in 1–3
treatment cycles. One patient had recurrent erysipelas infec-
tions and did not receive Cyclophosphamide for 4 treatment
cycles because of active infection (Pt. no. 130). One patient
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(Pt. no. 104) had a 50 % dose reduction of Cyclophospha-
mide in 2 treatment cycles and no treatment with this drug
after the last vaccination due to side eVects. All patients
received a Cox-2 inhibitor, Celecoxib, except 1 patient (pt.
no. 133) who had a bleeding metastasis in the stomach that
contradicted treatment with a Cox-2 inhibitor. IL-2 was
administered to all patients according to the protocol.

Toxicity

The treatment was generally well tolerated and no allergic
reactions to the treatment were observed. Baseline CT scan

revealed an asymptomatic lung embolus in one patient and
another patient developed a deep venous thrombosis. These
Wndings occurred shortly after leukapheresis wherefore a
relationship to this procedure cannot be excluded. Another
patient developed an asymptomatic lung embolus 7 months
after leukapheresis and a relationship is therefore not likely.
The patients were treated with low molecular heparin
according to national guidelines. Besides this, no grade 3–4
toxicity was observed.

Cyclophosphamide was generally well tolerated. Six
patients experienced grade 1 nausea. There was no sign of
bone marrow toxicity as hematological values were stable.

Table 1 Patient characteristics

Twenty-eight patients were included and treated in this trial; characteristics are outlined in the table

Patient no patient trial number, M male, F female, PS performance status, neg negative, pos positive, No of sites number of diVerent organs with
tumor lesions, Tumor burden: In cm, according to RECIST 1.0, LDH lactate dehydrogenase, ULN upper limit of normal, Stage American joint
committee on cancer stage, Temo temozolomide, IL2: Interleukin-2, RT radiotherapy, DCvac dendritic cell vaccination, thal thalidomide, RFA
radiofrequency ablation, vacc(no) number of vaccines given, SD stable disease, PD progressive disease, PFS progression-free survival, OS overall
survival, mo months

Patient no. Age Sex PS HLA-A2 No of 
sites

Tumor 
burden (cm)

LDH >UNL Stage Prior therapy Vacc (no) Response PFS (mo) OS (mo)

101 69 F 1 Neg 3 5.8 Yes M1a Temo 5 PD 1.6 2.7

102 51 M 1 Pos 4 41.1 Yes M1c IL2, DCvac, RT 4 PD 1.6 61

103 36 M 0 Pos 4 47.5 Yes M1c IL2 + thal, temo, RT, 
antiCTLA4

9 SD 3.1 13.9

104 73 M 1 Neg 4 13.8 Yes M1c IL2, temo 10 SD 4.7 10.7

106 52 M 0 Neg 3 9.6 No M1c IL2, temo, IL21, RT 13 SD 7.1 13.9

112 59 M 0 Neg 4 4.2 No M1c IL2 6 PD 2.1 5.9

113 60 M 1 Pos 6 12.7 Yes M1c IL2, temo, RT, RFA 5 PD 1.9 2.7

116 41 F 0 Neg 6 28.4 No M1c IL2 10 SD 4.3 9.5

117 51 M 0 Pos 3 13.0 No M1c IL2, CD137 6 PD 2.1 19.6

118 64 M 0 Pos 3 3.6 No M1a IL2, CD137 8 PD 3.1 6.9

119 62 F 0 Pos 3 9.4 No M1b IL2 6 PD 2.3 6.8

120 60 M 0 Pos 3 5.0 No M1c IL2, CD137 16 SD 9.3 25.3

121 76 M 1 Pos 4 8.1 No M1b Temo, RT, 
electrochemotherapy

13 SD 7.5 10.7

123 70 M 0 Pos 5 16.0 Yes M1c IL2 13 SD 7.0 10.6

125 47 M 0 Pos 2 14.9 Yes M1c IL2 6 PD 2.4 11.6

126 23 F 0 Pos 3 12.6 No M1c IL2 6 PD 1.9 7.9

127 61 M 0 Neg 3 10.7 No M1b IL2 11 SD 4.6 18.7

128 71 F 0 Pos 2 21.0 No M1c RT 10 SD 4.5 6.7

129 82 F 1 Pos 3 8.4 Yes M1c RT 10 SD 4.4 4.4

130 62 M 0 Pos 2 11.4 Yes M1c IL2 20 SD 13.7 18.7

131 53 M 0 Pos 3 22.6 No M1c IL2 10 SD 4.4 19.6

132 75 M 1 Pos 2 6.9 Yes M1c Temo 6 PD 1.7 2.1

133 58 M 1 Pos 5 13.3 No M1c IL2, temo 13 SD 7.2 11.5

134 49 F 0 Neg 5 20.1 Yes M1c IL2 13 SD 7.4 23.8

136 38 M 0 Neg 6 4.5 No M1c IL2 6 PD 2.0 11.5

138 56 M 0 Neg 2 16.3 Yes M1b IL2 13 SD 7.0 7.1

139 73 M 0 Pos 2 8.7 No M1b Temo 6 PD 2.1 6.0

140 56 M 1 Pos 2 22.2 Yes M1c IL2 10 SD 4.0 10.2
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A few patients had anemia that worsened through out the
treatment but this was more likely due to deterioration of
their cancer disease. Only 1 patient experienced more pro-
nounced side eVects to cyclophosphamide in terms of grade
2 fatigue, generalized malaise, and diarrhea. After a 50 %
dose reduction, the symptoms were reduced. Redness, indu-
ration, and itching in the area of vaccine injection were
seen in some patients. Common side eVects to IL-2 (local
skin reaction, Xu-like symptoms, and fatigue) were
observed. Side eVects to Celecoxib were not seen.

Clinical response

No objective responses were induced during the vaccina-
tion course. Sixteen patients (57 %) obtained disease stabil-
ization according to RECIST at 1st evaluation (after
8 weeks) and were categorized as stable disease (SD). Eight
of these 16 patients (29 %) maintained SD for 7 months or
more including 1 patient who maintained SD through
13.7 months (pt. no. 130) and 1 through 9.3 months (pt. no.
120). The median progression-free survival (PFS) for
patients with SD was 5.7 months (range 4.0–13.7 months).
The remaining 12 patients had progressive disease (PD) at
1st evaluation after 8 weeks. Three of these 12 patients

were evaluated after 4 (1 patient) and 5 (2 patients) vac-
cines due to clinically progressive disease.

Patients obtaining either SD or PD were comparable
according to several well-known prognostic factors [34].
The only diVerence found was a signiWcantly higher tumor
burden in SD patients indicating that the amount of disease
was not the reason for diVerences in response to treatment.
Also, baseline characteristics for patients with prolonged
SD (SD ¸ 7 months) did not diVer from the rest of the
patients (Table 2).

A DTH test was performed on 17 patients but results did
not predict any diVerence in clinical outcome or immuno-
logical response. Eight patients had a response at baseline
while only 1 patient developed a response after immuniza-
tion that was not present at baseline indicating that the
method in this set up could not be used as a predictor of
response to treatment.

The median PFS was 4.5 months (Fig. 2a) and the
median OS was 9.4 months (Fig. 2b). Further explorative
analyses showed that patients with SD had a median OS at
10.5 months compared to patients with PD who had an OS
at 6.0 months (p = 0.048) (Fig. 2c).

Survival was associated with PS = 0 (p = 0.02) but a
good PS was not associated with prolonged PFS (p = 0.5).

Fig. 1 Phenotypic characteristics of the dendritic cells (DC) used for
vaccination. a Table showing chosen surface markers in % of the den-
dritic cells expressing the marker and mean values of the number of
dendritic cells expressing the marker. CI conWdence interval. b The
expression of surface markers in % of DCs from one patient with rap-
idly progressive disease (patient number 125, hatched column) and

two patients with prolonged stable disease (patients number 120, white
column + 130, gray column). c The expression of surface markers in
% of DCs from patients with progressive disease (white boxes) and
patients with prolonged stable disease for 7 months or more (hatched
boxes). The same picture is present when looking at mean values of the
DCs (data not shown)
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CD40 65 ± 5 493 ± 90

CD58 92 ± 12 1361 ± 384

CD123 69 ± 9 4634 ± 3203
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There was no association between OS or PFS and baseline
levels of lactate dehydrogenase, C-reactive protein, or
hemoglobin. Neither did we see any diVerence in OS or
PFS for patients in regard to number of metastatic sites,
tumor burden, AJCC stage, or histological type of tumor
(superWcial spreading vs. any other type). No diVerence in
OS (p = 0.7), PFS (p = 0.6), or chance of getting SD (p = 1)
was seen between the patients treated with peptide and
tumor lysate pulsed DCs. In fact, 10 of the 17 peptide
treated HLA-A2+ patients (59 %) had SD, while 5 of the 8
HLA-A2¡ patients treated with DCs pulsed with allogeneic
tumor lysate (67 %) had SD indicating that the use of allo-
geneic tumor lysate was not inferior to peptide-pulsed DCs.

Patients pre-treated with IL-2/IFN-alpha did not have
higher chance of getting SD (p = 1.0) but they had a signiW-
cantly higher OS than patients who had not received this
treatment (10.5 months vs. 5.1 months, p = 0.007). For
patients pre-treated with Temozolomide, we found no
diVerence in OS (p = 0.3), PFS (p = 0.8), or chance of get-
ting SD (p = 1) when compared to patients who had not
received this treatment.

Comparison of clinical results between two studies

In a previous study [14] (Study I), patients with MM were
treated with DC vaccination and IL-2 in the exact same

Table 2 Patient characteristics according to clinical outcome

No signiWcant diVerences were observed between patients obtaining stable disease (SD) or progressive disease (PD) at 1st evaluation when looking
at diVerent prognostic parameters. One exception was that patients with a larger tumor burden more often achieved SD than those with a smaller
tumor burden (p = 0.03). Patients having SD ¸ 7 months and patients having PD at 1st or 2nd evaluation were comparable according to the tested
parameters. Levels of lactate dehydrogenase (Units (U)/L), C-Reactive Protein (mg/L), and Hemoglobin (mmol/L) are shown as mean values at
baseline. (no number)

* p = 0.03

Progressive disease Stable disease ¸4 months Stable disease ¸7 months

Number of patients 12 16 8

Age (mean) 59.5 59 60.4

Sex (% male) 75 % 75 % 87.5 %

Performance Status (% PS = 0) 67 % 69 % 75 %

Histological type (% SuperWcial spreading) 50 % 44 % 50 %

Number of metastatic sites (mean) 3 3 3.6

Tumor burden, cm (mean) 9 15* 12.5

AJCC Stage (no of patients) M1a 2 0 0

M1b 2 3 2

M1c 8 13 6

Lactate dehydrogenase (U/L) 186 213 262

C-reactive protein (mg/L) 8 3 16

Hemoglobin (mmol/L) 8.5 8 8

Fig. 2 Clinical outcome (mo months). a Kaplan–Meier plot showing
progression-free survival for all patients, deWned as time from 1st vac-
cination until time of progression. b Overall survival for all patients,
deWned as time from 1st vaccination until time of death or follow-up

time for patients alive (1 patient). c Overall survival for patients
obtaining stable disease (SD) versus patients with progressive disease
(PD) at 1st evaluation, p = 0.048
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treatment schedule as was used in this trial (Study II). The
vaccines were prepared in the same way and with the same
antigens in the two trials. In Study I, patients received IFN-
alpha and Aldara instead of Cyclophosphamide and Cele-
coxib.

The baseline characteristics of the patients were compa-
rable as regard to age and gender. However, patients with
more widespread disease, involvement of more metastatic
sites, and more heavily treated patients were included in
Study II compared to Study I (Table 3).

Results from Study I showed that 11 out of 46 patients
(24 %) obtained SD at the Wrst evaluation and six of these
(13 %) maintained SD after 16 weeks. Even though no
patients obtained an objective response, the rate of patients
that obtained SD more than doubled when adding Cyclo-
phosphamide and Celecoxib to the existing treatment (24
vs. 57 %, p = 0.006). When comparing results from the two
trials, we see that PFS tend to be prolonged in the second
trial (p = 0.06) (Fig. 3a). OS does not improve (p = 0.1)
(Fig. 3b), but when looking at 6-month survival a signiW-
cant diVerence between the two studies is apparent (75 %
(study II) vs. 41 % (Study I), p = 0.004) (Fig. 3c) indicating
a possible early survival beneWt. As the 2 studies have been
performed consecutively and not randomized, the results
must be interpreted with caution.

Monitoring of vaccine-induced immune responses

The induction of speciWc T-cell responses during treatment
has been analyzed. Initially, T-cell responses in peripheral
blood were detected directly ex vivo by HLA-multimer
staining before treatment, and after 4th and 6th or 10th vac-
cination. Due to the large number of peptides (25) included
in this trial, we made use of a combinatorial encoding prin-
ciple of HLA multimers, enabling simultaneous detection
of 27 diVerent T-cell populations in a single sample [29].

Immunological monitoring was done for MHC class I
restricted peptides according to the patient’s HLA expres-
sion (peptide-pulsed DCs) or using a library of peptides
representing all known melanoma epitopes (DCs pulsed
with tumor lysate) [35]. A number of very low-frequent
responses were observed, but no certain induction of immu-
nological response toward tumor-associated antigens could
be detected using HLA multimers directly ex vivo (data
not shown). Virus-speciWc responses were found in the
majority of patients indicating that the method was well
functioning.

To increase the sensitivity for detection of vaccine-
induced T-cell responses, we conducted IFN-� ELISPOT
assays after a 1-week in vitro stimulation with the relevant
peptides. We analyzed 15 of the 17 HLA-A2+ patients. One

Table 3 Patient characteristics and clinical outcome in 2 diVerent trials

More patients included in study II had previously received antineoplastic systemic treatment when compared to patients in study I. Otherwise, the
patients were comparable
# HLA-multimer staining was used for evaluating vaccine-speciWc immune responders in study I, whereas an IFN-� ELISPOT assay was per-
formed for study II. The table shows number of patients having an induction in vaccine-speciWc immune responses out of the tested patients (%).
>50 spots/well and a more than twofold increase compared to baseline level deWne an induced immune response in the IFN-� ELISPOT assay

Levels of lactate dehydrogenase (Units (U)/L), C-Reactive Protein (mg/L), and Hemoglobin (mmol/L) are shown as mean values at baseline. (no
number)

Study I14 Study II p values

Number of patients 46 28

Age (mean) 61 58.1 0.3

Sex (male), no. of patients (%) 27 (59 %) 21 (75 %) 0.2

No. of metastatic sites (mean) 2.9 3.5 0.11

AJCC Stage, no. of patients (%) M1a 10 (22 %) 2 (7 %) 0.12

M1b 6 (13 %) 5 (18 %) 0.5

M1c 30 (65 %) 21 (75 %) 0.4

Treatment naïve, no of patients (%) 17 (37 %) 2 (7 %) 0.005

Lactate dehydrogenase (U/L) 303 261 0.2

C-reactive protein (mg/L) 42 26 0.2

Hemoglobin (mmol/L) 8.1 8.2 0.7

Stable disease, no. of patients (%) 11 (24 %) 16 (57 %) 0.006

Progression-free survival (months) 1.9 4.5 0.06

Overall survival (months) 5.1 9.4 0.5

Measurable immune responses# 6/10 (60 %) 9/15 (60 %) 1.0
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patient (patient no. 113) had progressive disease after the
5th vaccination and was not evaluable. Another patient
(patient no. 103) did not have enough material for analyses.

In general, an initial increase in immune responses was
observed from baseline level to the time of 4th vaccination
(p = 0.06) followed by a slow declining response (Fig. 4a,
b). Nine out of the 15 tested patients showed an induced
T-cell response to one or more of the tested antigens from
baseline levels to the 4th vaccination (Fig. 4c). Baseline
responses to at least 1 antigen were seen in 9 patients.

Most common and most pronounced responses were
seen toward hTERT peptides (6 out of the 9 immune
responders) but also responses against survivin (2 out of 9
patients) and p53 (2 out of 7 HLA-A2+ patients with an p53
expressing tumor) were observed. There was no correlation
between response to the diVerent antigens and the clinical
beneWt or survival of the patients.

Overall, monitoring of vaccine-induced T-cell responses
indicated a minor induction from baseline to 4th vaccina-
tion. Responses were of low frequency or undetectable
directly ex vivo.

Regulatory T cells

In previous DC vaccination trials with IL-2, we have seen a
pronounced increase in the number of Treg. Variations in
Treg level in this trial were analyzed in order to evaluate if
metronomic doses of cyclophosphamide were able to
reduce these inhibitory immune cells.

Importantly, we found no reduction in the level of Tregs
and no association between Treg level and clinical
response. In contrast, the level of CD4+CD25+CD127¡

Tregs in the blood showed a pronounced increase from
baseline to the 4th vaccine (from 0.04 to 0.23 £ 10e9/L
(p < 0.0001). This initial increase was followed by a
decrease, but remained at higher levels than the baseline

values (0.14 £ 10e9/L, p < 0.0001) and at the time of the
13th vaccine it was still signiWcantly higher than the base-
line value. These results show that Cyclophosphamide was
not able to reduce the increase observed in Tregs during
treatment with DC vaccination and IL-2.

Comparison of Treg data between study I and study II is
detailed in Engell-Noerregaard et al. JCCI, in press.

Myeloid-derived suppressor cells

We evaluated the frequency of MDSCs during the vaccina-
tion trial, since these are reported as potent immune inhibi-
tors especially in relation to cancer. Furthermore, the use of
a Cox-2 inhibitor might inhibit this cell subset by decreas-
ing levels of prostaglandins [26, 27].

The MDSC were divided into a monocytic (HLA-DR¡

CD33+CD11b+CD15¡CD14+) and a granulocytic (HLA-DR¡

CD33+CD11b+CD15+CD14¡) subset according to recom-
mendations from the literature [11]. A signiWcant decrease
in the monocytic MDSC from baseline to 4th vaccination
(p = 0.0001) was observed followed by a signiWcant
increase from the 4th to the 6th vaccination (p = 0.007),
(Fig. 5a). No signiWcant diVerences were found between
patients with SD and PD. Because of large standard devia-
tions in the granulocytic subset, any signiWcant changes
were not observed during the vaccination course (Fig. 5b).
Again, no signiWcant diVerences were found between
patients with SD and PD. Interestingly, an initial decrease
in MDSC, monocytic as well as granulocytic, was also
observed in the one patient (patient no. 133) not treated
with Celecoxib.

Additionally, in the granulocytic MDSC, signiWcantly
higher baseline levels were seen in patients having PD at
the 1st evaluation compared to patients obtaining SD
(median 1.35 % of PBMC vs. 0.28 % of PBMC, p = 0.04).
This might indicate a more immunosuppressive milieu

Fig. 3 Clinical outcome; Study I compared to Study II. Kaplan–Meier plots illustrating the diVerences between the two studies according to
a progression-free survival, b overall survival, and c 6-month survival. (mo: months)
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among the patients not obtaining disease stabilization
during vaccination.

On the basis of this study alone, we cannot conclude
which part of our treatment induced these variations in
MDSC.

Discussion

Safety and eYcacy were tested in this phase II vaccination
trial for patients with metastatic melanoma. The treatment
was well tolerated and only mild expected side eVects were
observed comparable to those described in other vaccina-
tion trials [13, 14, 36].

All patients had progression at time of inclusion, and for
these patients with very advanced disease, tumor regression
may be diYcult to induce even though activation of the
immune system is obtained. However, the clinical results
indicate that some patients might still beneWt from the treat-
ment. Median OS for all patients in this study was
9.4 months after the Wrst vaccination. SD was observed in
more than half of the patients (16/28), and for 8 patients,
disease stabilization was maintained in 7 months or more.
There were no diVerences in possible prognostic factors
between patients having SD or PD at 1st evaluation. Still,
survival was signiWcantly prolonged in the group of
patients with SD compared to those with PD (10.5 vs.
6.0 months, p = 0.048). Any conclusion on clinical and sur-
vival beneWts from this treatment is, however, not possible
since it is a non-randomized trial.

Previous studies have shown that the injection of mature
antigen-pulsed DCs can induce a speciWc immune response
at the vaccination site [37]. Therefore, antigen-pulsed DCs
were used as antigen in the DTH testing in order to present
antigens in the most optimal form for the immune system
and to obtain the highest local immune reactivity. Only 17
of 28 treated patients were evaluable using this method and
we did not observe any correlation to clinical or immune
reactivity. Other authors have seen a correlation between
DTH reactivity and an improved survival for vaccinated
patients [38–40], but whether a DTH response is reasonable
as a tool for determining clinical eYcacy remains uncertain
since others again have not been able to show this correla-
tion [41, 42].

We did not detect any induction of T-cell responses
directly ex vivo using combinatorial-encoded pHLA mul-
timers in Xowcytometry, indicating that the frequency of
speciWc T cells against the vaccinated peptides was very
low in peripheral blood (<0.01 % of CD8 T cells). How-
ever, when applying an in vitro peptide restimulation step
followed by speciWc T-cell measurements by IFN-� ELI-
SPOT, we did indeed observe an induction of T-cell
responses in HLA-A2+ patients from before treatment to
the time of the 4th vaccination, followed by a decline
from the 4th vaccination to the later time points. The
T-cell induction observed was detected against the pep-
tides used for vaccination, whereas no induction from
baseline to the 4th vaccine was observed for virus-derived
epitopes (by pHLA-multimer analyses) thus implying that
the immune induction is induced by the DC vaccination.

Fig. 4 SpeciWc T-cell responses. Fifteen HLA-A2-positive patients
were tested for speciWc T-cell responses against peptides used in the
vaccination. Peptides were pooled into three groups of peptides: hTERT,
survivin, and p53. Indirect ELISPOT analyses were performed. a The
sum of vaccine-speciWc T-cell responses in percentage of CD8 T cells
for each patient over the course of the vaccination. b Responses against
each pool of peptides added together for all patients. The Wgure shows
the variations through the vaccination course. The responses from all
15 patients are included in the Wrst 3 time points. For the last 2 time
points, fewer patients are available to the analysis due to study drop out
at the time of progressive disease (depicted as number (no.) of patients
beneath the Wgure). c The induction of vaccine-speciWc immune
responses for each patient. Baseline response has been subtracted any
response at the time of the 4th vaccine. >50 spots/well and a more than
twofold increase compared to baseline level deWne an induced immune
response
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The decline after 4th vaccination back to baseline level
could be explained by a homing of the T cells toward the
tumor sites or simply due to a decline in immunological
responses caused by disease progression. Homing of anti-
gen-speciWc T cells to tumor sites has been illustrated in
previous studies [43]; however, from the present study,
we have no tumor biopsy material available to conWrm
this hypothesis. A general boost of the immune system
and pre-existing anti-tumor T cells is also likely to occur
due to the IL-2 administration.

Cox-2 inhibitors have been shown to negatively regulate
T-cell proliferation and cytokine production [44, 45] and
this was also seen in a clinical trial with HIV patients using
400 mg Celecoxib twice a day [46]. Thus, it could be spec-
ulated that Celecoxib might negatively inXuence T-cell
responses. Since we observed an increase in T-cell reactiv-
ity within the Wrst 4 weeks of treatment, it is not believed to
be the case in this trial.

However, the lower level of immune induction, the
declining immune responses observed after the 4th vaccina-

tion, and the lack of objective clinical responses together
also argue for the presence or induction of immunosuppres-
sive mechanisms. In order to explore these mechanisms,
Tregs as well as MDSCs have been analyzed. We did not
see the expected decrease in Tregs when patients were co-
treated with Cyclophosphamide; on the contrary, we saw an
initial signiWcant increase in the amount of Tregs as
observed in previous trials with IL-2. Recent literature has
shown that the surface marker CD49d can be used to dis-
criminate true suppressive Tregs (CD49d¡) from cytokine
secreting CD4+ T cells (CD49d+) [47]. We found that the
amount of CD4+CD25+CD127¡CD49d¡ cells only slightly
increased from baseline to the 4th vaccination indicating
that the increase observed in Tregs might primarily be due
to an increase in CD49d+ cells (see Engell-Noerregaard
et al. JCCI, in press for more details).

MDSCs have previously been shown as an immunosup-
pressive cell type correlating with clinical outcome in vari-
ous patient groups [48]. We investigated the level of
MDSCs both before and during therapy. A signiWcant

Fig. 5 Myeloid-derived 
suppressor cells (MDSC). 
FACS analyses were used to 
depict the variation in MDSC. 
The average of a monocytic 
MDSC (HLA-DR¡CD33+ 
CD11b+CD15¡CD14+) and 
b granulocytic MDSC 
(HLA-DR¡CD33+CD11b+ 
CD15+CD14¡) and the varia-
tions during the vaccination 
course have been shown. 
For the last 2 time points, 
fewer patients are available 
to the analysis due to study drop 
out at the time of progressive 
disease (depicted as number (no) 
of patients beneath the Wgure)
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initial decline of monocytic MDSCs was observed followed
by a signiWcant increase from the 4th to the 6th vaccination.
The origin of this remains to be explained. One patient did
not receive treatment with Celecoxib. Despite of this, anal-
yses of MDSCs from this patient did also show an initial
decrease in MDSCs indicating that this drug might not be
responsible for the general decline. Previous studies have
shown that treatment with Cyclophosphamide [49, 50] as
well as IL-2 [51, 52] can increase the number of MDSC
making it unlikely that these drugs should result in the
observed decrease in MDSC. Any deWnite conclusions on
the role of MDSC in this setting cannot be determined, but
the results specify that further research in this area is war-
ranted.

The DCs were prepared using a standard maturation
cocktail including IL-6, PGE2, IL-1�, and TNF-� and the
phenotypic proWle showed myeloid DCs positive for mat-
uration- and co-stimulatory markers. A tendency toward a
more optimal phenotypic proWle for patients having pro-
longed SD (SD for 7 months or more) was observed. This
could indicate that patients treated with a vaccine com-
prising DCs with an optimal phenotypic proWle have a
better response to the treatment but it could also be that
patients with a less aggressive disease pattern have a bet-
ter phenotypic proWle and therefore remain in SD for a
longer time period. Others have also found that the matu-
ration state of the injected DCs correlates with clinical
response [53].

IL-2, Cyclophosphamide, and Celecoxib were used as
adjuvants in this trial. Twenty-two of the 28 included
patients were pre-treated with high-dose IL-2/IFN-alpha
and progressed on this treatment. Therefore, it would be
unlikely that IL-2 itself should be responsible for any dis-
ease stabilization. Cyclophosphamide has been used for
several trials throughout the years [54, 55] but is now no
longer used in the treatment of melanoma patients. Even
though chemotherapy might result in an objective response,
it has not yet shown any survival advantage [2, 7, 56, 57]
and has also been tested in other treatment combinations
without improving clinical outcome [54, 58]. Besides the
immune modulating eVects, metronomic scheduling of
Cyclophosphamide has been investigated for the antiangio-
genic activity [59, 60]. Although preclinical studies with
metronomic Cyclophosphamide have shown some eYcacy
on tumor growth [61], this has not been conWrmed in
clinical trials with low continuous dosing of Cyclophospha-
mide [54].

Nevertheless, when comparing this study (Study II) with
a previous study where patients were not treated with
Cyclophosphamide and a Cox-2 inhibitor, results indicate
that patients do better when these drugs are added to the DC
vaccines. Patients included in Study II had more wide-
spread disease and more patients had previously received

antineoplastic systemic treatment (Table 3). Still, the
number of patients obtaining SD more than doubled and
6-month survival signiWcantly improved. Since Cyclophos-
phamide in this dosage is not believed to have any direct
cytotoxic eVect on the cancer cells, the improved clinical
beneWt of the treatment might be due to other immunomod-
ulatory activities [50]. Again, no randomization between
the patients treated in these 2 protocols has been made, and
therefore conclusions must be interpreted with caution and
should only be used for hypothesis generation.

In conclusion, DC vaccination in combination with IL-2,
Cyclophosphamide, and Celecoxib was safe and tolerable.
A general increase in immune responses was observed from
baseline to the time of 4th vaccination, but a correlation
between clinical beneWt and a vaccine-induced T-cell
response could not be determined. Despite the fact that we
could not reproduce the previously published ability of
Cyclophosphamide to reduce Treg level signiWcantly, the
clinical results showed that more than half of the patients
obtain SD in 4 months or more. When compared to a clini-
cal trial with DC vaccination, IL-2, and IFN-alpha, a dou-
bling of patients obtaining SD is observed, and although
OS does not seem to improve, 6-month survival has signiW-
cantly increased.

In this trial, we have combined 3 drugs with the DC vac-
cine limiting our possibilities to conclude which of the
drugs have contributed to the improved clinical outcome.
Therefore, a new trial including only Cyclophosphamide
and DC vaccines has been initiated for metastatic mela-
noma patients. Results from this study might help us to
deWne the most optimal adjuvants for DC vaccination. Fur-
thermore, future DC vaccination trials should focus on
combining DC vaccines with other treatment modalities
and therefore we are currently investigating the immuno-
modulatory eYcacy of diVerent antineoplastic agents such
as Docetaxel, Temozolomide, IL-2/IFN-�, and the tyrosine
kinase inhibitor, Sunitinib. As the CTLA4 antibody, Ipi-
limumab, has recently been approved for treatment of meta-
static melanoma, this should also be further explored for its
immunomodulatory eVect. Results from these projects will
lead to new trials combining vaccination with some of the
above mentioned drugs with the idea of boosting the
immune-mediated recognition of the tumor, while dampen-
ing the immunosuppressive mechanisms.
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