
440 Neoplasma 59, 4, 2012

doi:10.4149/neo_2012_057

Efficacy and safety of Id-protein-loaded dendritic cell vaccine in patients
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In a phase II clinical study, pretreated multiple myeloma patients with relapsing or stable disease received autologous an-
ticancer vaccine containing dendritic cells loaded with Id-protein. Patients received a total of 6 vaccine doses intradermally 
in monthly intervals. No clinical responses were observed. During the follow-up with a median of 33.1 months (range: 11-
43 months), the disease remained stable in 7/11 (64%) of patients. Immune responses measured by ELISpot were noted in 
3/11 (27%) and DTH skin test for Id-protein was positive in 8/11 (73%) of patients; out of those, 1/11 (9%) and 5/11 (46%), 
respectively, had preexisting immune response to Id-protein before the vaccination began. 

Outcomes were compared to those of a control group of 13 patients. A trend to lower cumulative incidence of progression 
in the vaccinated group was observed at 12 months from the first vaccination (p= 0.099). More patients from the control
group compared to vaccinated patients required active anticancer therapy [4/11 (36%) vs. 8/13 (62%)]. 

Vaccines based on dendritic cells loaded with Id-protein are safe and induce specific immune response in multiple
myeloma patients. Our results suggest that the vaccination could stabilize the disease in approximately two-thirds of 
patients. 
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Multiple myeloma (MM) is the second most common 
hematological cancer. It is caused by clonal proliferation of 
plasma cells and is considered incurable. While approximately 
30% of patients achieve complete remission, the disease invari-
ably relapses months to years after first-line therapy [1,2]. This
implies the presence of residual disease refractory to chemo-
therapy even in the setting of complete or nearly complete 
treatment response. In addition to standard chemotherapy 
and biological treatments, other treatment strategies are being 
developed with the aim of attacking the residual tumor popu-
lation that cannot be destroyed using conventional therapies. 
One of these approaches uses patient’s own immune system. 

Tumor cells are immunogenic and cellular immunity plays 
a key role in the protection against cancer. Under certain con-
ditions, the cells of the immune system are able to recognize 
tumor cells and destroy them.

The potential of the immune system to kill tumor cells
has been clearly demonstrated in the setting of allogeneic 

transplantation of hematopoietic cells where the effect of graft
versus disease has been successfully utilized. However, this 
strategy is associated with high mortality in MM patients and 
is applicable only in a small percentage of patients [3].

Cellular immunotherapy using anticancer vaccines is 
a novel, promising anti-cancer modality [4,5,6].

In an effort to increase the efficacy of anticancer vaccines,
cell-based vaccines have been tested in the past 10 years. These
vaccines contain antigen-presenting cells capable of stimulat-
ing the immune system. Dendritic cells (DCs) are the most 
potent antigen-presenting cells and have the ability to process 
and present exogenous antigen to naive T lymphocytes [7,8,9]. 
The unique ability of DCs to present antigens plays a key role
in the activation of cytotoxic T cells, generating specific im-
mune responses directed against tumor cells [10]. MM plasma 
cells produce monoclonal immunoglobulin and the idiotype 
of the myeloma immunoglobulin (Id-protein) can be used as 
a unique tumor-associated antigen [11,12,13,14,15,16].
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Between 2003 and 2004, a phase II clinical study was carried 
out at our institution testing the first generation of antitumour
vaccines. MM patients received KLH-coupled Id-protein with-
out antigen-presenting cells. Some immunological responses 
were noted (DTH test positivity, increased number of memory 
B cells), while no clinical responses to vaccination or toxicities 
were observed [17].

Here we present the results of a phase II clinical study in 
which the efficacy and toxicity of a vaccine containing DCs
loaded with autologous Id-protein was tested in patients with 
relapsed MM who were not indicated for salvage chemo-
therapy.

Patients and methods

Study design. The vaccine was used in MM patients with
stable disease or progression who did not require treatment 
with standard systemic therapy. All patients were pretreated. 
An interval of at least 3 months after the end of chemotherapy
or maintenance therapy was required in order to allow the 
evaluation of treatment response to vaccination. The median
interval from the end of previous treatment to the first of vac-
cination was 30.6 months (7.7 – 135.5 months). The minimal
amount of monoclonal immunoglobulin on entry to the study 
was 5g/L, so that the necessary amount of Id-protein could be 
isolated for the vaccine. The vaccine was administered intra-
dermally 6 times (once monthly for 6 months); no adjuvant 
agents were used. The patients were periodically monitored for
clinical and immunological response to vaccines. The minimal
amount of DCs per one vaccine dose was 0.5x106. After the
completion of study, patients received standard follow-up in 
1- to 2-month intervals. Study was approved by the University 
Hospital Brno Ethics Committee and carried out in accordance 
with the Helsinki Declaration. Written informed consent was 
mandatory prior to enrollment. 

Inclusion and exclusion criteria. Inclusion criteria: MM 
producing measurable level of serum M-Ig; M-Ig level > 5 g/L; 
stable disease or progression based on the European Group for 
Blood and Marrow Transplantation criteria [18]; no specific
MM treatment(s) for al least 3 months prior to entering the 
study; no indication for treatment due to any organ and/or 
tissue damage caused by myeloma; no corticosteroid treat-
ment for at least 3 months prior to the start of the study; liver 
enzyme levels lower than three times the upper limit of the 
norm; serum creatinine lower than twice the upper limit of 
the norm; and signed informed consent form.

Exclusion criteria: non-secreting myeloma; serious comor-
bidity with a negative impact on life expectancy; untreated 
newly diagnosed MM; possibility of pregnancy in women; 
definite or suspected sensitivity to compounds used in vaccine
preparation; serious heart disease; acute infectious disease 
requiring antibiotic treatment; pO2 lower than 60mmHg at 
rest; significant dysfunction of vital organs; central nervous
system metastases or a convulsive disorder; abnormal labo-
ratory values including leukocytes < 4 x 109/l, platelets < 100 

x 109/l, hematocrit < 30%, billirubin above the upper limit of 
the norm, creatinine higher than double the upper limit of 
the norm, aspartate aminotransferase (AST) and/or alanine 
aminotransferase (ALT) higher than three times the upper 
limit of the norm.

Patients. Between June 2006 and January 2009, 12 pa-
tients were enrolled into the phase II clinical study. Of these 
patients, 11 with MM type IgG kappa received vaccination 
according to the protocol and were evaluable. One patient 
requested to be withdrawn from the study after receiving
one dose of vaccine was not evaluated. The median age of
the evaluable patients was 64 years (range: 51-75 years) and 
the median of interval from diagnosis was 71 months (range: 
25-160 months). All patients had been pretreated with one 
to four previous lines of systemic therapy. Nine out of 11 
(82%) were treated with autologous transplantation of he-
matopoietic cells; one patient (9%) received two autologous 
transplantations. Three patients (27%) had participated in
a previous vaccination study with Id-protein. Results of 
a group of patients included into clinical evaluation were 
compared to a control group of 13 patients who went through 
the prescreening phase but eventually declined to participate 
in the study for reasons including long distance between their 
home and the study site in 10/13 patients, poor mobility in 
2/13 patients, and other reason in one patient. No patient 
in the control group had participated in the previous vac-
cination study with Id-protein. There were no statistically
significant differences in basic disease characteristics between
the two groups of patients. Detailed characteristics of patients 
are shown in Table 1.

Preparation of Id-protein. Id protein was isolated from 
peripheral blood by affinity chromatography. Isolation was 
done on a protein-G column (Sigma P4691; capacity of 
column was 30mg Ig/1ml of Protein G). Unbound fractions 
were removed by washing with 25-50ml of physiological 
solution (PBS, pH 7.3). Elution of bound protein was car-
ried out with 0.2M glycine (pH 2.7). Individual fractions 
(0.9 ml) were immediately neutralized by adding 0.1ml of 
1M Tris-base. Protein content in the fractions was measured 
by absorbance at 280nm. The presence of bacterial endo-
toxins was excluded by the LAL test (Limus Amebocyte 
Lysate, Bio Whittaker).

Preparation of dendritic cells. Dendritic cells (DCs) of 
patients were cultured from mononuclear cells isolated from 
heparinized peripheral blood of patients according to a GMP 
protocol for 9 days in the presence of GM-CSF and IL-4. DCs 
were prepared before each vaccine application. DCs were cul-
tured in a medium X-VIVO 10 (BioWhittaker, Walkersville, 
MD, USA) with 50mg/l gentamycin, 2mM L-glutamin, 25mg/
ml HEPES buffer, and with 10% inactivated human AB serum
(Sigma-Aldrich, St. Louis, USA) after density gradient centrifu-
gation from adherent fraction after 2 hours of culture (X-VIVO
10 medium with 50mg/l gentamycin, 2mM L-glutamin, 25mg/
ml HEPES buffer, 80 U/ml DNAse, and with 10% inactivated
human AB serum; 37°C, 5%CO2, 4,5% O2). GM-CSF (BruCells, 
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Brussels, Belgium) and IL-4 (BruCells) were added on the first
day (100ng/ml and 800U/ml, respectively) and on day 4 (200ng/
ml and 1600U/ml, respectively). On day 5 of culture, DCs were 
loaded with Id-protein (50ug/ml of medium); on day 6 of cul-
ture, DCs were fully matured using TNF-α. On days 0 and 9 of 
culture, viability of cells was measured and on days 0, 5, and 9 
their morphology was evaluated. Cell viability on the day of ad-
ministration was required to be ≥ 80%. To evaluate the safety of 
vaccine, we carried out tests for the presence of mycoplasma (day 
8), bacterial endotoxin (day 8) and microbiological testing of 
sterility including Gramm-Giemsa staining (day 8), aerobic and 
anaerobic culture (day 5), aerobic culture of supernatant after
cell harvest (day 9). The maximum allowed amount of endotoxin
was ≤ 350 U/ml of vaccine. Negative result of mycoplasma and 
microbiology tests were required. Immunophenotyping of DCs 
was performed by flow cytometry on days 0, 5, and 9 of culture.
The following markers were measured: CD3, CD14, HLA-DR,
CD80, CD 83, CD86, and HLA-DR/CD80 and HLA-DR/CD86 
combinations. The positivity of HLA-DR/CD86 and/or HLA-
DR/CD80 had to be ≥80% before administration of vaccine. 
The minimum amount of DCs was 0.5 x 106 per vaccine dose. 
Schema of vaccine preparation is shown in Figure 1.

Monitoring of clinical and immunological responses. 
Treatment efficacy was evaluated according to the European
Group for Blood and Marrow Transplantation criteria [18]. 

Stimulation of specific immune response was evaluated
using ELISpot and the skin DTH test (delayed type hyper-
sensitivity) after intradermal administration of Id-protein

Table 1. Patients‘ characteristics 

Vaccinated patients Control group p-value
Number of patients

Female
Male

N=11
7 (63.6%)
4 (36.4%)

N=13
7 (53.9%)
6 (46.1%)

0.697

Age
Average
Median
Min-max

N=11
63.8 years
64 years
51-75 years

N=13
63.2 years
62 years
54-80 years

0.835

Time from diagnosis 
Average
Median
Min-max

N=11
78.6 months
71 months
25-160 months

N=13
65.1 months
55 months
19-135 months

0.402

D-S Clinical stage
I
II
III

N=11
4 (36.4%)
3 (27.3%)
4 (36.4%)

N=13
4 (30.8%)
3 (23.1%)
6 (46.2%)

0.889

ISS clinical stage 
1
2
3

N=9
6 (66.7%)
2 (22.2%)
1 (11.1%)

N=11
8 (72.7%)
3 (27.3%)
0 (0.0%)

0.433

Previous treatment
1 line
2 lines
≥ 3 lines

N=11
7 (63.6%)
2 (18.2%)
2 (18.2%)

N=13
7 (53.8%)
3 (23.1%)
3 (23.1%)

0.889

FISH results
RB1 positive 
p53 positive
IgH rearrangement
t(4;14) positive
gain(1q21) positive 
hyperdiploidy

1/4
0/3
0/3
0/3
0/3
ND

2/9
1/9
2/5
0/8
4/7
ND

Figure 1. Vaccine preparation.
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[15]. 0.1mg of Id-protein was used for the DTH test. The test
was considered positive when erythema and/or induration 
at the site of Id-injection was observed within 7 days after
injection.

 ELISpot was used to assess the activation of the immune 
system, detecting the production of intracellular interferon 
gamma at the cellular level. Commercial ELISpot Interferon-γ 
Assay Kit (AID ELISpot Reader System, Germany) was used 
according to the manufacturer’s instructions. The results were
evaluated by AID ELISpot 3.0 software. DCs loaded with Id-
protein were used to stimulate T lymphocytes, the time of 
incubation was 24 hours in a medium X-VIVO 15 (BioWhit-
taker, Walkersville, MD, USA) with 10% inactivated human 
AB serum (Sigma-Aldrich, St. Louis, USA). DC:T lymphocyte 
ratio was 1:2. T lymphocytes counts per assay were 0.1x106, 
0.2x106 or 0.3x106. X-VIVO 15 with 10% human AB serum 
was used as negative control, while T lymphocytes cultured 
without antigen with 2μg/100μl of phytohemaglutinin (Sigma-
Aldrich, St. Louis, USA) were used as positive control. The
source of both cell types was heparinized peripheral blood, 
which was processed immediately after collection by density
gradient centrifugation. T lymphocytes were frozen after col-
lection in a DMSO solution (1 part of DMSO and 9 parts of 
bovine fetal serum) and stored at -80°C. DCs were prepared 
as described above. T lymphocytes were thawed rapidly at 
37°C, immediately transferred to X-VIVO 15 medium with 
10% human AB serum, centrifuged and cultured for 48 hours 
in the same medium before adding to assay. The number and
viability of cells were evaluated in a Buerker´s chamber. Vi-
ability of T lymphocytes was required to exceed 80%. ELISpot 
was considered evaluable if the following criteria were met: 
number of spots >50 for the positive control and <10 for 
the negative control. ELISpot was considered positive if the 
number of spots was at least double over the baseline at any 
time point during the follow-up. 

Cytokine production of IL-10 and IL-12 by DCs was evalu-
ated by ELISA. Commercial Human IL-12 US UltraSenzitiv 
(Biosource International, CA, USA) and IL-10 EASIA (Bio-
source Europe S.A., Nivelles, Belgium) were used according 
to manufacturer’s instructions. Results were evaluated by 
software KIM, version 5.25. 50ug of medium was used for
each reaction. Levels of cytokines were evaluated on days 0, 
3, 5 and 9 of incubation. Decrease of IL-10 and/or increase of 
IL-12 levels were considered to be suitable results.

Unspecific changes in leukocyte subpopulations were
evaluated using a comprehensive flowcytometric panel.
The following markers and their combinations were used:
CD3, CD4, CD8, CD19, CD16+CD56, CD69, CD25, CD28, 
CD45RA, CD45RO, CD83, HLA-DR, lineage cocktail (lin), 
CD11c, CD123. 

ELISpot and the DTH test were done at baseline and then 
in the 3rd, 6th, 9th and 12th month after first vaccination. The
flowcytometric panel was evaluated monthly before each
vaccine was administered. To evaluate the development of 
autoimmunity, a basic autoimmunity screen including anti-

thyreoglobulin IgG, anti-pancreas cells IgG, anti-nuclear 
antibody, anti-streptolysin O (ASLO), rheumatoid factor, and 
IgE total was performed before the first vaccination and after
the completion of study treatment. Immunological monitoring 
was not carried out in the control group. 

Statistical analysis. Results were evaluated using Sta-
tistica 8.0 StatSoft CR software. For statistical comparison
of changes of parameters in reference to entry value, the 
nonparametric Wilcoxon matched paired test was used. 
The level of significance was set at α = 0.05. Basic statistics
(number of values, median, range) was used to evaluate 
vaccine parameters. To describe the data set, absolute and 
relative frequencies of values were calculated. Comparisons 
between group of vaccinated patients and control group 
for age and time since diagnosis were done by T-test (due 
to normal data distribution evaluated by the Shapiro-Wilk 
W test). Comparisons between the vaccinated patients and 
the control group in categorial parameters were tested by the 
Fisher exact test or the M-Lχ2 test. 

Comparisons of the probability of disease status change 
from stable disease to progression between the two groups 
were evaluated by the Fisher exact test. Time to progression 
was calculated using the Kaplan-Meier method and Gehan-
Wilcoxon test was used for comparisons of survival times.

Results

Vaccine parameters. A total of 74 vaccine samples were 
prepared for 12 patients; 90.5% of vaccines (67/74) were ac-
tually administered. Six vaccines (8.1%) did not meet safety 
criteria and in one case (1.4%), the vaccine was not adminis-
tered because of low DC count. 

The median count of harvested peripheral blood mononu-
clear cells was 60x106 per patient and the median of 6.4x106 
DCs were obtained (0.89-36.96x106). The cells were counted
on days 0, 5, and 9. The DC yields varied considerably among
patients as well as in repeated cultures in the same patient. 
The median vitality of all 67 vaccines on day of administration
was 92.0% (50.2% – 98.9%). Safety criteria were met for all 
67 administered vaccines. When all qualitative criteria were 
not met, criteria for vaccine administration were the total 
number of DCs.

Functional characteristics of DCs were verified by im-
munophenotyping of co-stimulatory molecules and on the 
day of administration, 93.0 % of cells in the vaccines were 
HLADR/CD86 positive (40.4 % – 99.30 %) (Table 2). 

Changes in cytokine IL-10 and IL-12 production by DCs 
during cultivation were evaluated. Decrease in IL-10 levels 
or increase of IL-12 levels were observed in 50/68 and 6/52 
vaccines, respectively. The levels were usually near the lower
limit of detection. Median values of IL-10 and IL-12 for each 
patient are shown in Table 3. 

Evaluation of clinical and immunological responses to 
vaccination. Before the start of the study, the disease status 
in 11 evaluable patients was as follows: stable disease in 10/11 
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(91%) of patients, progression without any signs/symptoms 
of organ or tissue damage in 1/11 (9%) patients. During the 
12-month follow-up, 3/11 (73%) of patients had stable disease 
and 3/11 (27%) of patients progressed (Figure 2). Specific
anticancer treatment during vaccination was not required 
in any of the patients. At one year from the first vaccination,
4/11 (36%) of patients required further therapy for MM. The

median interval to starting further therapy was 19.3 months 
(13-23.5). The rest of patients (6/11, i.e. 54%) still had sta-
ble disease at the data cut-off, while one patient (9%) had
progressed but did not require further active treatment. The
median follow-up since the first vaccination was 33 months
(range: 11-43 months). 

Initial disease status of patients in the control group was 
as follows: stable disease in 12/13 (92.3%) of patients, and 
progression in 1/13 (7.7%) of patients. During the follow-up, 
8/13 (62%) of patients required myeloma-directed treatment 
within 12 months, while 5/13 (38%) of patients did not 
require any treatment. Stable disease was observed in 6/13 
(46%) of patients, while 7/13 (54%) of patients progressed 
(Figure 3). There was a large numerical difference between
the two groups when comparing the interval to starting 
further anticancer treatment [4/11 (36%) vs. 8/13 (62%)] but 
the difference was not statistically significant (p-value 0.414).
Cumulative incidences of progression during 12 months 
from the start of study between the two groups compared 
by Fisher exact test of independence were not statistically 
significant (p-value 0.099). There was a trend to longer du-
ration of stable disease in the vaccinated group (median 22 
vs. 55 months; p=0.069) evaluated by Kaplan-Meier method 
and Gehan-Wilcoxon test (Figure 4). Evaluation of disease 
status is shown Table 4. 

Table 2. Imunofenotyping of dendritic cells.

CD antigen CD83+
[%]

HLADR+
[%]

CD14+
[%]

CD86+
[%]

HLADR/CD86
[%] ≥ 40%

Day of cultivation 0 + 9 0 + 9 0 + 9 0 + 9 0 + 9
patient 1
median 0,40 25,05 15,15 96,50 2,90 0,35 4,10 96,75 3,70 94,25

patient 2
median 0,50 13,90 11,55 96,95 2,80 0,25 5,20 96,45 4,95 93,85

patient 3
median 0,30 43,75 16,00 99,70 5,00 0,10 5,00 99,00 4,80 97,85

patient 4
median 0,30 23,25 24,25 99,50 3,80 0,15 4,85 98,45 4,60 95,35

patient 5
median 0,55 31,15 9,10 98,65 3,70 0,35 3,90 83,10 3,80 82,00

patient 6
median 0,50 12,05 17,15 97,90 6,15 0,35 9,15 51,40 8,85 50,20

patient 7
median 0,45 53,85 25,05 99,25 11,90 0,10 14,10 92,15 13,40 88,55

patient 9
median 0,20 25,20 10,10 99,00 3,85 0,10 5,00 99,00 7,00 98,00

patient 10
median 0,50 17,35 17,90 98,65 9,90 0,05 10,25 97,65 9,75 96,65

patient 11
median 0,25 12,15 22,85 97,65 5,95 0,00 9,80 87,50 9,00 87,00

patient 12
median 0,25 14,40 15,10 98,65 4,55 0,00 5,10 94,85 8,00 94,50

median 0,4 20,2 16,7 98,5 5,20 0,10 5,90 96,0 5,75 93,00
minimum 0,10 3,30 4,20 90,30 0,80 0,00 1,10 34,20 1,10 32,10
maximum 1,30 91,30 34,10 100,0 23,40 3,20 27,40 99,50 27,00 99,30

Table 3. IL-10 and IL-12 production by dendritic cells. 
Medians of production for all vaccines are shown in µg/ml

IL-10 (µg/ml) IL-12 (µg/ml)

Day 0 Day 9 Day 0 Day 9

Patient 1 13.2 18.2 0 0
Patient 2 16.4 0 0.84 1.61
Patient 3 0.76 13.1 1.85 1.07
Patient 4 9.52 9.02 0.17 0.09
Patient 5 0 0 0 8.15
Patient 6 0 0 0 0
Patient 7 0 0 3.1 0
Patient 9 0 0 0 0
Patient 10 0 0 14.22 7.22
Patient 11 17.47 13.93 0 0
Patient 12 0 3.12 0 0
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Table 4. Evaluation of disease.

Vaccinated patients Control group p-value

Disease before treatment
Stable disease
Progression

N = 11
10 (90.9%)
1 (9.1%)

N = 13
12 (92.3%)
1 (7.7%)

0.889

Disease during one year follow-up
Stable disease
Progression

N=11
8 (72.7%)
3 (27.3%)

N=13
6 (46.2%)
7 (53.8%)

0.371

Changes in stable disease during one-year follow up
No change
Worse (from stable disease to progression)

N=10
8 (80.0%)
2 (20.0%)

N=12
5 (41.7%)
7 (58.3%)

0.099

Length of follow-up
Median
Min-max

N=11
33.1 months
11-43 months

N=13
15 months
10-15 months

0.186

Start of anticancer treatmenta

Median
Min-max

N=4
19.25 months
13-23.5 months

N=8
5.5 months
2-10 months

0.414

ain case of vaccinated patients from start of vaccination, in case of control group since exclusion from study (11/2008)

Figure 2. Development of M-Ig in vaccinated patients. 

Figure 3. Development of M-Ig in the control group.
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Fig 4.     
Time to progression of the vaccinated patients and of the control group. 

Figure 4. Time to progression of the vaccinated patients and of the control group.
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Fig 5.  
Flowcytometric evaluation of selected parameters. 

Figure 5. Flowcytometric evaluation of selected parameters. 
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Fig 5.  
Flowcytometric evaluation of selected parameters. 

Immunological responses measured by ELISpot were 
observed in 2/11 (18%) of patients in the 9th month (46 
spots) and the 3rd month (12 spots) after the first vaccination,
respectively. In one patient (1/11, 9%,) there was an im-
munological response to Id-protein before vaccination that 
gradually decreased during the follow-up (205, 110, 197, and 
finally to 120 spots). Four of 11 (36%) patients did not have
any immunological response detectable by ELISpot. The test
was not evaluable in 4/11 (36%) patients. 

One of the two patients with positive ELISpot response 
had been previously vaccinated using Id-protein coupled 
with KLH and administered together with IL-2 in a previous 
clinical trial [17]. However, the patient with the positivity of 
pre-vaccination ELISpot had not participated in the previous 
study. Both patients had stable disease during the study fol-

low-up. ELISpot was not evaluable in the other two patients 
who had participated in the previous vaccination study. Two 
out of 4 patients with negative immunological reaction to 
Id-protein progressed during the follow-up, including one 
patient who required further antimyeloma treatment, and 
two patients had stable disease. No significant correlation was
found between the results of ELISpot and the clinical course 
of disease, nevertheless the analysis was limited by the small 
number of patients. 

DTH skin for Id-protein test became positive in 3/11 (27%) 
of patients, remained negative in 3/11 (27%) of patients, and 
5/11 (45%) of patients had immunological response Id-protein 
before the start of vaccination. Of the three patients (3/11, 27%) 
who had been enrolled in the previous vaccination study, two 
patients had DTH test positive on entry and remained without 
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anticancer treatment while the third patient had no reaction 
to DTH test and had to start anticancer treatment during the 
12-month follow-up. Two of 3 patients with negative DTH 
test as well as 2/3 of patients with positive DTH test had to 
start other active treatment within 12 months of enrollment. 
None of 5 patients with positive Id-protein-specific DTH test
on entry required treatment during the follow-up. No associa-
tion was detected between DTH test results and the clinical 
course of disease. 

Summarized results of clinical and immunological evalu-
ation are shown in Table 5, and representative results of the 
DTH test are shown in Table 6.

No significant changes were observed in the evalu-
ated flowcytometric parameters (T, B, NK cells), including
the populations of naïve (CD45RA+/CD4+, CD45RA+/
CD8+), memory (CD45RO+/CD4+, CD45RO+/CD8+), 
regulatory (CD4+/CD25+) and suppressor T lymphocytes 
(CD8+/CD28-) and populations of dendritic cells (CD83+/
HLA-DR+/CD11c+, CD83+/HLA-DR+/CD123+, lin-/HLA-
DR+/CD11c+, lin-/HLA-DR+/CD123+) (Figure 5).

No statistically significant associations between the initial
clinical status of disease and immunological responses to vac-
cine were observed. It is important to realize that only a small 
number of patients was tested and the analysis could have been 
biased because of these small numbers. In the control group, 
these measurements were not carried out. 

Vaccination toxicities. No serious toxicities were noted 
during the study and most reactions to the vaccine were local 
and self-limiting. In 43.3% (29/67) of vaccinations, there was 
local redness in the area of injection. In 44.8% (30/67) of cases, 
there was induration. The median duration of local reaction
was 4 days (range: 1-7 days). In one patient, increased tempera-
tures up to 37.2°C was observed after each vaccination. Only
grade 1-2 toxicities occurred and most of them were probably 
unrelated to the vaccination. They included upper respiratory
infection, urinary infection, labial herpes simplex reactivation, 
skin abscess, joint pain, and humerus fracture after an accident.
Three serious adverse events were observed, in all cases without
any connection with the vaccination. In one case, the patient 
required hospital admission because of uncontrolled hyperten-
sion diagnosed before the administration of a vaccine; the two 
other cases occurred in one patient and consisted of recurrent 
urinary infection in a patient with neurogenic bladder with 
the need for regular self-catheterization. Throughout the entire
follow-up, no signs or symptoms of autoimmune disease were 
noted in any of the vaccinated patients. 

Discussion

Immunotherapy including DCs-based vaccination has been 
tested at different institutions in recent years. Id-protein was
the most commonly used tumor antigen. Id-protein is a unique 

Table 5. Summarized results of immunological and clinical evaluation.

ELISpot DTH test Entry disease status Disease status during 
12 months

Progression – long-
term follow-up

Treatment

Patient 1 NE positive stable stable yes yes
Patient 2 NE negative stable stable yes yes
Patient 3 NE positive on study entry stable stable no no
Patient 4 NE positive on study entry stable stable no no
Patient 5 positive positive on study entry stable stable no no
Patient 6 NE positive progression progression NA yes
Patient 7 positive on study entry stable stable no no
Patient 9 negative negative stable progression NA yes
Patient 10 negative negative stable stable no no
Patient 11 negative positive stable stable no no
Patient 12 negative positive on study entry stable progression NA no

NE – not evaluable; NA – not aplicable

Table 6. Representative DTH test results. 
Size of induration after aplication of Id-protein in mm is shown. Induration was evaluated in 24-hour intervals until resolution.

Study entry 3th month 6th month 9th month 12month

Patient 1
– positive 

0 0 10;13;13;10;0 0 0

Patient 4
– positive on study entry

0;5x20;20x25; 
15x20;10x15; 5;0

15;15;10;5;0 10;10;0 40x10;30x10;
20x5;20x5;10;0

0

Patient 10
– negative

0 0 0 0 0
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protein specifically produced by myeloma cells and thus use-
ful for the production of highly selective antitumor vaccines 
[19,20]. Id-protein alone is only weakly immunogenic but 
its immunogenicity can be potentiated by conjugation with 
a strong immunogen such as keyhole limpet hemocyanine or 
by its presentation on dendritic cells [14,16,17]. Despite high 
hopes, results of vaccination studies have been disappointing 
in terms of clinical efficacy. While immunological responses
have been occasionally observed, clinical responses occurred 
only in a small number of patients [14,16,21,22].

One possible reason for this failure could be that cytokines 
used for generation of DCs, such as GM-CSF, IL-4 and TNF-α, 
had an inhibitory effect on anti-cancer responses.

With the growing knowledge about DC biology and cul-
ture, new cytokine combinations are being tested in order to 
optimize DC culture for clinical applications [23]. IL-12 is 
considered the most important stimulatory cytokine and needs 
to be produced by DCs in sufficient quantities [23].

Nevertheless, several clinical studies comparing results of 
vaccinated patients with a control group of patients have been 
published demonstrating that despite the lack of detectable treat-
ment responses, vaccines could prolong the time to progression 
or even overall survival. Long-term results of vaccination using 
an autologous Id-protein-based approach have been published 
by Coscia et al [4]. In their study, the vaccine was given to MM 
patients in the first remission. Their outcomes were compared
to those of historical controls treated when maintenance therapy 
using interferon-α alone or in combination with corticosteroids. 
The authors reported that the time to progression and overall
survival were comparable for both groups of patients. An en-
couraging study of idiotype-pulsed antigen-presenting cells 
vaccination following autologous transplantation in multiple 
myeloma patients has been recently published by Lacy et al [24]. 
While comparing a group of patients vaccinated after autolo-
gous stem cell transplantation with a control group undergoing 
autologous transplantation at the same time, a statistically 
significant difference was observed in overall survival favoring
vaccination (p-value 0.020). In the terms of TTP and PFS, no 
differences were seen. Nevertheless, these studies were limited
by small numbers of patients.

Another limitation of published clinical studies is that vac-
cines are often administered shortly after systemic anticancer
treatment. Thus, natural immunity may be suppressed by
chemotherapy at the time of vaccination. In our study, the 
median interval from previous systemic treatment was 30.6 
months, while in the majority of 10/12 patients the treatment 
free interval was more than 1 year. 

MM is a disease characterized by the failure of cellular 
and humoral immunity. Prabhala et al [25] showed that even 
responses to standard vaccinations are rather limited in MM 
and MGUS patients. Using hepatitis B vaccination as an 
example, they have shown that only approximately 30% of 
patients have antibody response to vaccination. In contrast, 
90% of vaccinated healthy individuals had antibody response 
to hepatitis B vaccine. It is obvious that the development of 

clinically useful anticancer vaccines in MM is more compli-
cated than in other cancers because of complex disruption of 
the immune system.

No direct treatment effect of vaccination has been seen
in our study. Disease responses as defined by the standard
criteria still remain to be seen in the setting of MM vac-
cination. Nevertheless, in comparison to the control group, 
more vaccinated patients remained in the phase of stable 
disease. Thus, it is probably critically important to vaccinate
patients with disease stabilization as opposed to progressive 
disease. Another potentially useful strategy is to administer 
nontoxic and well-tolerated vaccines to patients with MGUS, 
to prevent or postpone development of overt MM. The use of
immunomodulatory drugs in the clinical practice leaves an 
open window of opportunity for vaccinations and this class of 
agents might even enhance the effect of vaccines. It is obvious
that further optimization of anticancer vaccines is necessary. 
Nevertheless, with minimal toxicity and large potential benefit,
vaccination remains a promising modality in the fight against
malignant diseases. 
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