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a complete response. Of the two patients who had no evi-
dence of disease at the time of treatment, one remains dis-
ease-free 2 years post-therapy, while the other experienced 
a relapse 10 months post-therapy. The chemoimmunother-
apy approach using DAC/DC-CT vaccine is feasible, well 
tolerated and results in antitumor activity in some patients. 
Future trials to maximize the likelihood of T cell responses 
post-vaccine are warranted.
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Dendritic cell vaccine · Immunotherapy · Neuroblastoma · 
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Abbreviations
ALT	� Alanine aminotransferase
ANC	� Absolute neutrophil count
AST	� Aspartate aminotransferase
CGGs	� Cancer germline genes
CTCAE	� Common terminology criteria for adverse 

events
CTL	� Cytotoxic T lymphocytes
C1W1	� Cycle1-week1
DAC	� Decitabine
DC	� Dendritic cell
ECG	� Echocardiogram
ES	� Ewing’s sarcoma
GCSF	� Granulocyte colony-stimulating factor
GFR	� Glomerular filtration rate
GM-CSF	� Granulocyte macrophage colony-stimulating 

factor
HLA	� Human leukocyte antigen
NB	� Neuroblastoma
OS	� Osteogenic sarcoma
PBMCs	� Peripheral blood mononuclear cells
RMS	� Rhabdomyosarcoma

Abstract  Antigen-specific immunotherapy was stud-
ied in a multi-institutional phase 1/2 study by combining 
decitabine (DAC) followed by an autologous dendritic 
cell (DC)/MAGE-A1, MAGE-A3 and NY-ESO-1 peptide 
vaccine in children with relapsed/refractory solid tumors. 
Patients aged 2.5–15  years with relapsed neuroblastoma, 
Ewing’s sarcoma, osteosarcoma and rhabdomyosarcoma 
were eligible to receive DAC followed by DC pulsed with 
overlapping peptides derived from full-length MAGE-A1, 
MAGE-A3 and NY-ESO-1. The primary endpoints were to 
assess the feasibility and tolerability of this regimen. Each 
of four cycles consisted of week 1: DAC 10  mg/m2/day 
for 5  days and weeks 2 and 3: DC vaccine once weekly. 
Fifteen patients were enrolled in the study, of which 10 
were evaluable. Generation of DC was highly feasible for 
all enrolled patients. The treatment regimen was generally 
well tolerated, with the major toxicity being DAC-related 
myelosuppression in 5/10 patients. Six of nine patients 
developed a response to MAGE-A1, MAGE-A3 or NY-
ESO-1 peptides post-vaccine. Due to limitations in number 
of cells available for analysis, controls infected with a virus 
encoding relevant genes have not been performed. Objec-
tive responses were documented in 1/10 patients who had 
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Introduction

Children with relapsed or therapy-refractory malignant 
solid tumors have few treatment options with curative 
potential, making the investigation of novel approaches, 
such as immunotherapy of interest. The success of cellu-
lar immunotherapy depends upon the recognition of tumor 
cells by antigen-specific cytotoxic T lymphocytes (CTL). 
However, cancer cells tend to downregulate tumor-specific 
antigens and MHC molecules, thereby evading immune 
recognition and limiting the therapeutic potential of this 
strategy [1].

The cancer germline genes (CGGs) MAGE-A1, MAGE-
A3 and NY-ESO-1 have a restricted pattern of expression, 
limited to male germline cells, placenta, as well as a num-
ber of solid tumors, including neuroblastoma, rhabdomyo-
sarcoma (RMS), osteogenic sarcoma (OS) and Ewing’s 
sarcoma (ES) [2–5]. Previous studies have reported the 
expression of MAGE-A1 (44  %), MAGE-A3 (21  %) and 
NY-ESO-1 (30–82  %) in patients with neuroblastoma 
[6]. Jacobs and group detected the expression of several 
CGGs in pediatric tumors, with MAGE-A1 and NY-ESO-1 
detected on 25 % of RMS cell lines and 89 % of OS cell 
lines, and MAGE-A3 on 42 % of RMS cell lines and 100 % 
of OS cell lines [7]. ES has been shown to express CGGs 
such as XAGE and LIPI, but there are little data on the 
expression of MAGE-A1, MAGE-A3 and NY-ESO-1 in 
these tumors [8, 9]. Demethylating agents such as decit-
abine (5-aza-2′-deoxycytidine, DAC) have been shown to 
upregulate the expression of CGGs on tumor cell lines, 
sensitizing them to killing by MAGE-A1-, MAGE-A3- 
and NY-ESO-1-specific CTL [10–14]. We have previously 
demonstrated that MAGE-A1, MAGE-A3 and NY-ESO-1 
tumor antigens are upregulated in neuroblastoma cells after 
exposure to pharmacologic doses of DAC, with increased 
susceptibility to tumor antigen-specific CTL-mediated kill-
ing [15]. We have also shown that these antigens are upreg-
ulated in ES, RMS and OS cell lines following exposure to 
DAC. DAC has also been shown to increase the expression 
of MHC class I and II molecules as well as co-stimulatory 
molecule ICAM-1 in some tumor types [16].

Previous studies in adults have demonstrated the safety 
of tumor antigen vaccines for recurrent malignant solid 
tumors, using either whole CT antigen proteins or indi-
vidual human leukocyte antigen (HLA)-restricted epitopes 
[17, 18]. The expansion of tumor antigen-specific CTL 
post-vaccination was demonstrated in these and other stud-
ies, with the development of antigen-specific immunity cor-
relating with clinical responses. Odunsi and group recently 
reported the combined use of DAC and an NY-ESO-
1-specific vaccine with doxorubicin in 12 patients with 
ovarian cancer, with the majority of subjects developing 

NY-ESO-1-specific T cell and antibody responses [19]. 
Our preliminary studies have confirmed that DAC treat-
ment enhances the expression of MAGE-A1, MAGE-A3 
and NY-ESO-1 tumor antigens and HLA molecules on neu-
roblastoma and sarcoma cells and increases susceptibility 
to killing by tumor antigen-specific CTL [15]. Therefore, 
we implemented a clinical trial targeting tumor antigens in 
these patients. This phase 1/2 study was conducted in chil-
dren with relapsed, therapy-refractory neuroblastoma and 
sarcoma using low-dose DAC to facilitate epigenetic upreg-
ulation of CGGs expression on tumor cells followed by a 
dendritic cell (DC)/NY-ESO-1, MAGE-A1, MAGE-A3 
peptide vaccine. The aims of the study were (1) to evaluate 
the tolerability of DAC when used with a DC/MAGE-A1, 
MAGE-A3 and NY-ESO-1 peptide vaccine, (2) to study the 
feasibility of generating DC for vaccine and (3) to deter-
mine the immunologic and clinical outcomes of patients 
treated with this regimen. This study is registered with 
ClinicalTrials.gov, NCT01241162.

Materials and methods

Eligibility

Children between 12  months and 18  years of age with 
relapsed high-risk or therapy-refractory neuroblastoma, 
OS, ES or RMS were eligible for enrollment. Patients were 
required to have adequate bone marrow function (absolute 
neutrophil count, ANC: ≥500/µl; platelet count: ≥75,000/
µl), renal function: creatinine clearance or radioisotope 
glomerular filtration rate (GFR) ≥70 ml/min/1.73 m2 or a 
serum creatinine based on the Schwartz formula for esti-
mating GFR [20], liver function: total bilirubin ≤1.5 × nor-
mal for age, and alanine aminotransferase [ALT (SGPT)] 
and aspartate aminotransferase [AST (SGOT)] ≤3 × nor-
mal for age and normal cardiac function (ejection fraction 
>55 % by echocardiogram (ECG) or radionuclide MUGA 
evaluation or fractional shortening ≥28  %) and a Lansky 
performance scale of over 70. Patients must have received 
treatment with standard therapy for their disease, and neu-
roblastoma patients were to be at least 6 months from autol-
ogous stem cell transplant. Patients were excluded if they 
had autoimmune disease, hypersensitivity to DAC, imiqui-
mod or any vaccine component or were receiving concur-
rent systemic steroid therapy. This multi-institutional study 
was approved by the Institutional Review Boards of the 
University of Louisville, Penn State University, Dana-Far-
ber Cancer Institute, and by the FDA (IND 13973). Written 
informed consent from parents or guardians and assent (as 
appropriate) were obtained according to local institutional 
guidelines.
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Study design

The treatment schema is shown in Fig. 1. Blood from eli-
gible patients was collected either by phlebotomy or by 
apheresis for dendritic cell (DC) vaccine preparation. Prior 
to therapy, disease status was determined using CT/PET/
MIBG imaging and/or bone marrow aspirates to evalu-
ate previous known sites of tumor. The treatment regimen 
(entirely outpatient) included 4 cycles, each consisting of 
DAC 10 mg/m2/day intravenously for 5 days, followed by 
two weekly vaccinations. A platelet count ≥75,000/µl and 
ANC ≥ 500/µl was set as the criteria for DAC and vaccine 
administration. Tolerability of the first 2 cycles of therapy 
was defined as the ability to receive both cycles of DAC 
at ≥50 % dosing and 3 of the 4 planned vaccinations. The 
number of DC administered was based on patient weight 
(<20  kg, 20–40  kg and >40  kg) and ranged from 3 to 
10 ×  106 cells. The topical Toll-like-receptor (TLR) ago-
nist imiquimod was used at the site of vaccination as an 
adjuvant. Peripheral blood was collected weekly for assess-
ment of antigen-specific immune responses from the start 
of therapy (Cycle1-week1 (C1W1) of the study).

Toxicity

Toxicities were analyzed based on the NCI Common Ter-
minology Criteria for Adverse Events (CTCAE) (version 
4.0). We defined hematologic dose-limiting toxicity (DLT) 
as any non-hematologic toxicity ≥grade 3. Since DAC was 
expected to cause some degree of myelosuppression in 
most patients, this by itself was not considered dose limit-
ing for subsequent cycles. If ANC was <500/µl or platelet 
count <25,000/µl at 4 weeks from the beginning of DAC, 
patients received a 50 % DAC dose reduction when counts 
recovered (ANC > 1000/µl, platelets >75,000/µl). If at the 

start of a cycle ANC or platelet criteria were not met, the 
cycle was delayed until these criteria were met. If not met 
within 2 weeks, the decision was made to administer gran-
ulocyte colony-stimulating factor (GCSF).

Response assessment

Disease status was evaluated at the end of cycles 2 and 
4. Tumor responses defined as complete or partial remis-
sion, stable disease and disease progression were judged by 
CT/PET/MIBG scans. Complete response was defined as 
resolution of all radiographic evidence of tumor and par-
tial response as 50 % or greater reduction in the size of all 
tumors. Stable disease was defined as <50 % reduction in 
tumor without progression of any single lesion after cycles 
2 and 4 and progressive disease as the appearance of new 
lesions at any time point, >50 % increase in tumor size from 
pre-treatment scans, or up to 25 % increase in tumor size 
compared with nadir measurements from two consecutive 
observations at least 4  weeks apart. Patients who demon-
strated a complete or partial response or stable disease after 
2 cycles received 2 more cycles of therapy, and those with 
a similar response after the fourth cycle were eligible for an 
additional 2 cycles. Patients who developed new lesions at 
2 or 4 months after starting treatment, or an increase in the 
size of existing lesions at 4 months after starting the regi-
men received no further study-related treatment.

Preparation and administration of vaccine

Peripheral blood mononuclear cells (PBMCs) were iso-
lated by Ficoll density gradient centrifugation of periph-
eral blood or apheresis products. Cells were seeded at 
1  ×  107  cells/2  ml/well into 6-well plates (Corning) in 
CellGenix™ DC medium and incubated for 2 h to collect 

Fig. 1   Treatment schema. 
Peripheral blood was collected 
weekly (on day 1) beginning 
from Cycle1-week1 (C1W1) to 
assess antigen-specific immune 
responses. C1W1 represents the 
baseline response
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adherent monocytes. The adherent blood monocytes were 
cultured 5 days in CellGenix™ DC medium supplemented 
with human recombinant granulocyte macrophage col-
ony-stimulating factor (GM-CSF; 1000  U/ml, Bayer) and 
interleukin 4 (IL-4; 10  ng/ml; R&D Systems). Immature 
DC were matured for 48 h in the presence of 10 ng/ml of 
TNF-α, 10  ng/ml of IL-1β, 10  ng/ml of IL-6 (R&D Sys-
tems) and 1 µg/ml of PGE2 (Sigma); 75 × 106 mature DC 
in 3 ml DC medium were equally divided into three tubes 
and were pulsed with 5  µg/ml of MAGE-A1, MAGE-A3 
and NY-ESO-1 overlapping peptide mixes, consisting of 
pooled, 11 amino acid overlapping 15mers derived from 
the full-length protein (JPT Peptide Technologies). Lyo-
philized peptide mix was reconstituted in DMSO, and an 
aliquot was sent for quality assurance testing [testing for 
bacterial, fungal contamination (by culture) and endotoxin 
levels]. After 2 h of incubation at 37 °C and gentle mixing 
at every 30 min, dendritic cells from the three tubes were 
combined, washed and cryopreserved in multiple aliquots 
of appropriate size for each vaccine. A sample of cell sus-
pension (containing a 1 % cell suspension) from the final 
wash was sent for endotoxin testing. Release criteria for 
the final vaccine product were ≥70 % viable cells, expres-
sion of mature DC surface markers CD80 (≥70 %), CD83 
(≥50  %) and CD86 (≥70  %), absence of bacterial, fun-
gal (by culture) and mycoplasma contamination (by PCR 
and culture) with endotoxin levels <3 EU/kg. On the day 
of vaccination, one vial of vaccine was thawed, washed 
and resuspended in normal saline (Baxter) containing 1 % 
human serum albumin (Talecris). Based on the weight of 
the patient, 3–10 × 106 cells in 0.5 ml were drawn into a 
tuberculin syringe labeled with two patient identifiers, and 
delivered directly to the study physician. Due to venous 
access issues, DCs were generated from a cryopreserved 
autologous GCSF-mobilized peripheral blood stem cell 
product in one patient (subject-03). The DC met criteria 
based on the expression of CD80, CD83 and CD86 and 
also viability. However, due to theoretical concerns about 
the predominant generation of DC2 over DC1-type cells in 
GCSF-mobilized product along with the report that DC2 
polarize T cells toward Th2 type, GCSF-mobilized periph-
eral blood stem cell products were not used for the genera-
tion of DC in other patients under this study [22].

Serological analyses against MAGE‑A1, MAGE‑A3 
and NY‑ESO‑1 peptide antigens

Patient serum was archived at weekly intervals pre- and 
post-vaccine and sent to Serametrix (Carlsbad, CA) for 
analysis of seroreactivity to MAGE-A1, MAGE-A3 and 
NY-ESO-1 peptide antigens. Serum samples were recorded 
as positive for IgG antibody if the averaged data point at the 
1:100 dilution was greater than or equal to three times the 

background. The level of background was previously deter-
mined from seronegative samples from healthy donors.

Detection and quantification of antigen‑specific CD8+ 
and CD4+ T cell responses to MAGE‑A1, MAGE‑A3 
and NY‑ESO‑1 overlapping peptide mix

PBMCs obtained from patients at time points (as indi-
cated in Fig. 2) were stimulated individually with MAGE-
A1, MAGE-A3 and NY-ESO-1 peptide mixes. After 24 h, 
antigen-specific CD137-expressing CD8 and CD4 T cells 
were analyzed by flow cytometry as described previously 
with slight modifications [21]. Briefly, 1 × 106 cells were 
stained with antibodies for surface markers after peptide 
mix stimulation, and the non-stimulated cells served as 
a control. The following directly conjugated antibodies 
were used: PE-CD137, APC-Cy7-CD4 (BD PharMingen), 
Qdot705-CD8 and Qdot-655-CD3 (Invitrogen). FITC-
conjugated CD19, CD14 and CD56 (BD PharMingen) 
were added to create a ‘dump channel’ so that only CD4+/
CD8+CD3+CD137+ cells were quantified. The cells were 
acquired using an LSR II (BD Biosciences) and analyzed 
using FACS Diva software (BD Biosciences). The fre-
quency of T cells was calculated as the number of anti-
gen-specific CD3+CD4+CD137+ or CD3+CD8+CD137+ 
cells in 106 cells. Development of an antibody or a T cell 
response to the vaccine was defined as either a new onset 
or a twofold increase in the level of antibodies or the num-
ber of MAGE-A1-, MAGE-A3- and NY-ESO-1-specific 
CD137+ T cells over baseline levels. The criteria for 
employing baseline CD137 responses as a reference point 
are based on a previous study in patients with acute mye-
loid leukemia in which MAGE-specific T cell responses 
were compared against baseline samples obtained at the 
start of therapy. [23].

Results

Patient characteristics

Fifteen patients were enrolled on the study between Febru-
ary 2011 and July 2013, with a median age of 7.25 years 
(range 2.5–15  years). Ten patients had a diagnosis of 
relapsed neuroblastoma, two each with Ewing’s sarcoma 
and osteosarcoma, and one with rhabdomyosarcoma. All 
of the patients had received several courses of multi-agent 
chemotherapy and/or radiation for their relapsed disease 
(Table  1). Ten of 15 enrolled patients received vaccine 
therapy and hence were fully evaluable for toxicity. Five 
patients (2 = NB, 2 = OS and 1 = ES) did not receive ther-
apy due to further progression between the time of enroll-
ment and the start of therapy.
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Feasibility

The DC vaccine was successfully prepared for all 15 patients, 
proving the feasibility of this approach. Vaccine preparation, 
qualification and product release was complete in 4–6 weeks 
after PBMCs were received. The median time from enroll-
ment to therapy was 2  months (range 1–5.5  months) with 
variations due to disease status and/or need for additional 
therapy prior to study treatment and patient choice.

Tolerability

Of the 10 patients who received study therapy, three com-
pleted all 4 cycles, and two completed 3 cycles. Five 
patients received ≤2 cycles only, four due to disease pro-
gression and one due to a vaccine reaction (Table 1). The 
median number of cycles received was 2.5 (range 1–6). 
DAC was on the whole well tolerated with the major toxic-
ity being neutropenia. Major dose-limiting toxicity included 

Fig. 2   Antigen-specific T cell responses to the vaccine. Peripheral 
blood mononuclear cells were archived at various time points (as 
indicated on x-axis), stimulated for 24  h with MAGE-A1, MAGE-
A3 and NY-ESO-1 peptide mixes and analyzed for the presence of 

CD137+ antigen-specific CD8+ (a) and CD4+ (b) T cells by flow 
cytometry. C1W1 indicates Cycle1-week1 of therapy. a CD8 T cell 
response, b CD4 T cell response
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reversible myelosuppression (ANC  <  500/µl), managed 
with dose reductions in DAC and the use of GCSF. Five 
of ten subjects experienced transient myelosuppression (4 
subjects had grade 4 myelosuppression (ANC < 500), and 
one subject had grade 3 myelosuppression) three of whom 
received growth factor support and two experienced treat-
ment delays. Four patients developed fever, and none of 
these episodes were related to neutropenia. One patient 
(patient-07) was noted to have elevated ALT levels (grade 
3), at the first week of DAC, which was thought to possi-
bly be related to DAC or to prior chemotherapy treatment. 
Patient-06 developed urticaria multiforme with fever, mild 
hypotension and a generalized urticarial rash after the first 
dose of vaccine. This reaction was deemed to be possibly 
related to the vaccine although interestingly, this patient 
had a history of a transfusion hypersensitivity reaction fol-
lowing stem cell transplant. No further vaccine courses 
were administered to this patient.

Response

Of the 10 patients who received therapy, seven patients 
(5 =  NB, 1 =  ES, 1 =  RMS) progressed during therapy 
and one (NB) relapsed 10  months after the last vaccine 
(Table 1). One patient (patient-06) who had a history of two 
intracerebral relapses following treatment for stage 4 neu-
roblastoma continues to remain disease-free 2  years from 
his last vaccine. One patient (patient-01) had a complete 
response, and we have recently reported the results of this 
regimen in this patient, a 5.5-year-old child with chemo-
therapy-refractory neuroblastoma isolated to the bone mar-
row [21]. This patient is currently in complete remission 
3.5 years following his last vaccine (Table 1).

Immune response to the vaccine

We investigated the number of T cells responding to 
MAGE-A1, MAGE-A3 and NY-ESO-1 peptide mix in 
the peripheral blood of patients pre- and post-vaccination 
based on the expression of CD137 after 24-h stimulation 
with respective antigens. Due to limitations in the num-
bers of cells available for analysis, particularly following 
the use of chemotherapy, cytofluorometry for the activa-
tion marker CD137 is a practical method to assess num-
bers of antigen-specific T cells [23]. CD137 is a marker 
that is uniformly upregulated 24 h after stimulation on all 
responding cells irrespective of their differentiation stage 
and is therefore used to identify antigen-specific T cells 
[24, 25]. The time points studied for immune response var-
ied in different patients based on sample availability, and 
these data are presented in Fig.  2. The DAC/DC vaccine 
strategy induced a positive T cell response to MAGE-A1, 
MAGE-A3 or NY-ESO-1-overlappping peptide mixes in Ta
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six of nine patients evaluated (Table  2). We have previ-
ously reported that patient-01 had an increase in the num-
ber of MAGE-A3-peptide mix-specific CD4+ and CD8+ T 
cells post-vaccine [21]. Similarly, patient-06 demonstrated 
an increase in the number of CD3+CD4+CD137+ and 
CD3+CD8+CD137+ T cells (Fig. 2). In this patient, while a 
CD8+ T cell response was seen against both MAGE-A1 and 
NY-ESO-1 peptide mix, a CD4+ T cell response was seen 
against MAGE-A1 alone. Due to limitations in the num-
bers of cells available for analysis, controls with target cells 
expressing the relevant genes have not been performed. 
We cannot therefore exclude that the immune response is 
directed against impurities contained in the synthetic pep-
tide batch. Vaccine-induced T cell responses can be meas-
ured based on CD137 expression [23]; nevertheless, T cell 
responses to MAGE-A1, MAGE-A3 and NY-ESO-1 pep-
tide mix from our vaccine were weak. Patient-04 developed 
a CD8+ T cell response but no CD4+ T cell response, while 
patient-08, patients-09 and patients-10 developed a CD4+ 
T cell response and no CD8+ T cell response. Three of 
nine patients did not develop either CD4+ or CD8+ T cell 
responses. Although patient-02 had preexisting CT anti-
gen-specific CD4+ and CD8+ T cells responding to pep-
tide mix, no increase was seen post-vaccination (Table  2; 
Fig.  2). However, in patient-10 the number of preexisting 
MAGE-A1-, MAGE-A3- and NY-ESO-1-specific CD4+ T 
cells responding to peptide mix increased (>twofold) by 
week 3 of the first cycle. None of the patients evaluated 
developed an antibody response against any of the antigens 
post-vaccination.

Discussion

We report the results of a phase I clinical trial that com-
bines a demethylating agent known to upregulate the 
expression of cancer–testis antigens with a DC vaccine 

targeting the MAGE-A1, MAGE-A3 and NY-ESO-1 tumor 
antigens. This is the first study to combine DAC and a DC-
based peptide vaccine for pediatric patients with relapsed 
neuroblastoma and sarcoma. CGGs have been detected 
on several childhood cancer cells, but their expression 
is highly heterogenous [19, 26]. Several clinical trials 
have detected clinical and immunologic response post-
vaccination using tumor antigen vaccines in adult patients 
with relapsed malignant solid tumors [17, 18, 27, 28]. We 
have previously reported that DAC induces upregulation 
of MAGE-A1, MAGE-A3 and NY-ESO-1 expression in 
neuroblastoma and sarcoma cells and that antigen-specific 
CTL preferentially lyse DAC-treated tumor cells in  vitro 
[15, 16]. These preclinical findings were translated in a 
phase I clinical trial targeting MAGE-A1, MAGE-A3 and 
NY-ESO-1 in children with relapsed or therapy-refractory 
neuroblastoma and sarcoma.

In general the regimen of DAC and a DC/MAGE-A1, 
MAGE-A3 and NY-ESO-1 peptide vaccination was well 
tolerated, with one vaccine-related toxic event and five 
patients experiencing DAC-related myelosuppression, 
an expected side effect of this agent. This trial enrolled 
relapsed patients with tumor burden ranging from mini-
mal residual disease to therapy-refractory, bulky tumors. 
One patient who achieved a complete response and another 
who had no evidence of disease at the time of treatment, 
remain disease-free 3.5 and 2 years, respectively, post-ther-
apy. Both of these patients demonstrated CD4+ and CD8+ 
T cell responses to one or more CGG peptides post-vacci-
nation. The other patients who developed either CD4+ or 
CD8+ T cell responses experienced relapse, stable disease 
or progression. These data indicate that favorable patient 
outcomes were associated with the induction of both CD4+ 
and CD8+ T cell responses and that loss of either arm of 
the T cell response may be associated with early relapse/
disease progression. Our studies indicate that the DC-
MAGE-A1, MAGE-A3, NY-ESO-1 vaccine is associated 

Table 2   Immunological and 
clinical response to the vaccine

Patient no. Antibody response T cell response Clinical response

CD4 CD8

1 Not determined Yes Yes Complete response [21]

2 No No No Progression after a minor response

3 No No No Disease progression

4 No No Yes Relapsed 10 months post-therapy

5 Not determined No No Disease progression

6 No Yes Yes Remains disease-free 2 years post-vaccine

7 No Not determined Disease progression

8 No Yes No Disease progression

9 No Yes No Disease progression

10 Not determined Yes No Disease progression
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with T cell responses to CGG overlapping peptides in up to 
two-thirds of patients. However, these responses were weak 
(<100 cells in 1 million cells, <0.01 %) as measured by the 
expression of CD137 on cells 24  h post-stimulation with 
MAGE-A1, MAGE-A3 and NY-ESO-1 peptide mixes. For 
measures of T cell responses, unstimulated cells were used 
as control. Further in vitro analysis (for example, intracel-
lular staining for IFN-γ or ELISPOT assays post-stimula-
tion) and inclusion of additional controls (cells stimulated 
with irrelevant peptide mix) were not possible due to lim-
ited availability of the samples.

The low number of antigen-specific cells seen in some 
patients could be attributed to compromised cellular immu-
nity, as evidenced by the absence of preexisting T cell or 
antibody responses. Although DAC can upregulate the 
expression of CGGs, it also causes myelosuppression with 
a prolonged white blood cell nadir. Due to the immuno-
compromised nature of these patients, adjuvants are often 
added to immunotherapy regimens to facilitate antigen-
presenting cell and immune effector cell function. Several 
cancer vaccine studies have used either exogenous GM-
CSF or a cellular vaccine product that secretes GM-CSF 
to enhance Th1 immune effector cells [29, 30]. In addition 
to promoting Th1 immune responses to the vaccine, GM-
CSF can also minimize chemotherapy-induced myelo-
suppression and can be added in future trials to overcome 
these limitations [31]. Studies in adult cancer patients have 
examined the feasibility of administering autologous, acti-
vated T cells prior to cancer vaccines; however, it is not 
clear whether these nonspecifically activated T cells are 
capable of developing immune responses against tumor 
antigens [32, 33].

In conclusion, the findings from this phase I trial indi-
cate that a regimen consisting of DAC and a DC/MAGE-
A1, MAGE-A3 and NY-ESO-1 peptide vaccine is fea-
sible, generally well tolerated in children with relapsed 
neuroblastoma and sarcoma and elicits T cell responses in 
the majority of patients. The fact that patients who have 
achieved a ≥2-year period of progression-free survival had 
minimal disease burden at study entry suggests that these 
subjects might be ideal candidates for this therapy. Future 
studies will be done with a focus on improving and sustain-
ing stronger antigen-specific immune responses post-vac-
cination. This could be accomplished by eliminating Tregs 
and choosing more potent adjuvants that can activate DC 
and promote a strong cellular immune response, such as 
Hiltonol (Poly-ICLC) [34]. The addition of GM-CSF could 
minimize leukopenia from DAC and to help facilitate anti-
gen-presenting cell function. Another potential direction 
would be the development of strategies to expand tumor 
antigen-specific T cells from patient peripheral blood, with 
the goal of subsequent reinfusion of these cells following 
DAC.
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