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Background and Objectives. Dendritic cells (DC)
pulsed with multiple myeloma (MM) patient-specific idio-
type (Id) protein can induce MM-specific T-cell respons-
es.

Design and Methods. We established serum-free cul-
ture conditions to generate monocyte-derived DC for clin-
ical use to circumvent anti-xenogenic immune responses
with repetitive vaccinations. In a clinical phase | trial
twelve patients responsive to high dose chemotherapy
(HDT) were vaccinated with autologous Id pulsed DC vac-
cines followed by Id/keyhole limpet hemocyanin (Id/KLH)
booster immunizations co-injected with granulocyte-
macrophage colony-stimulating factor as adjuvant.

Results. In vitro studies showed that serum-free-gen-
erated DC were equally effective in the induction of spe-
cific T-cell responses as were DC generated with fetal calf
serum. On average 4.5%10¢ DC of >60% purity were gen-
erated from peripheral blood monocytes obtained 3-6
months after HDT and autologous stem cell transplanta-
tion. Ten of twelve patients received all planned vaccines
without serious toxicity. Two patients developed Id-specific
T-cell proliferative responses, in one patient an Id-specif-
ic cytotoxic T lymphocyte (CTL) response was measured.
Id-specific TH1 cytokine secretion was found in one of
the T-cell responding patients. All patients who received
at least three Id/KLH vaccines mounted strong KLH spe-
cific T-cell and delayed antibody responses. Two patients
remain in clinical partial response at 25 and 29 months
after the start of the vaccination and ten patients have
progressed, six of whom have died from progressive dis-
ease or infectious complications.

Interpretation and Conclusions. Serum-free DC vac-
cines induce Id-specific T-cell responses in MM patients.
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vaccines has proven to be a feasible adjuvant ther-

apeutic option for various human malignancies.
Phase | clinical trials in low grade non-Hodgkin's lym-
phoma (NHL), malignant melanoma, multiple myeloma
(MM), breast and ovarian cancer have yielded promis-
ing results, mostly demonstrating the induction of spe-
cific immune responses to tumor-specific or tumor-
associated antigens.'”7 Immature circulating DC from
fresh peripheral blood have been successfully utilized for
in vitro antigen loading and maturation'2® but also
monocyte-derived DC could successfully be used as cel-
lular vaccines after an in vitro culture period and pulsing
with the tumor peptide or protein antigen.’-57

We generated DC populations using serum-free tissue
culture conditions in order to avoid the repetitive stim-
ulation with xenogenic antigens of fetal calf serum
(FCS). We started a phase | clinical trial in MM patients
responsive to high-dose chemotherapy (HDT) and
peripheral blood stem cell transplantation (PBSCT). The
specificity of DC vaccination was based upon the unique
MM idiotypes (Id) which were isolated and used in a
patient- and MM clone-specific manner.? The rationale
for treating patients in a status of minimal residual dis-
ease is based on clear evidence from murine models of
myeloma®® and on pivotal clinical studies" as dis-
cussed earlier.’?

We evaluated the feasibility of generating monocyte-
derived DC under serum-free culture conditions from
MM patients shortly after HDT and PBSCT. The second
goal was to induce Id-specific T-cell responses to poten-
tially add antitumor immune reactivity. Third, we eval-
uated the immunocompetence of MM patients, post-
HDT and PBSCT, to the neoantigen keyhole limpet hemo-
cyanin (KLH), which served as a carrier protein. The use
of granulocyte-macrophage colony-stimulating factor
(GM-CSF) replaced the use of chemical adjuvants as
published earlier. The clinical course of all study
patients was monitored.

Specific immunotherapy using dendritic cell (DC)

Design and methods

Patients and HDT with PBSCT

Twelve patients with laboratory, radiological and
histopathologic findings consistent with secretory MM
who were treated at our institution with either single or
double HDT and autologous PBSCT were offered to par-
ticipate in this immunotherapy trial. The institutional
ethical review board approved the study and informed
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consent was obtained from all study patients prior
to enrollment. Ten patients consented in written
and oral form after detailed information, two par-
ticipants consented orally after thorough informa-
tion. Serum and bone marrow samples were
obtained from participating patients early after
diagnosis, preferably before the initiation of cytore-
ductive therapy. Many of the study patients were
heavily pretreated prior to HDT and PBSCT (Table 1)
and all patients had stage Il or Ill disease accord-
ing to the Durie/Salmon classification. Mobilization
of autologous PBSC was achieved either by
cyclophosphamide at 4 g/m? (patients MMO1-
MMO04, MM08, MM11, MM12) or by ifosfamide (2.5
g/m2, day 1-3), epirubicin (100 mg/m2, day 1) and
etoposide (150 mg/m?, day 1-3) (patients MMO5-
MMO07, MM09, MM10) followed by granulocyte-
colony-stimulating factor (G-CSF). The transplant
conditioning regimen consisted of high dose mel-
phalan (200 mg/m? given in split doses on two con-
secutive days) (MEL 200) followed by reinfusion of
stored autologous PBSC. Patient MMO3 received
only 140 mg/m? melphalan for transplant condi-
tioning due to pre-existing severe renal insuffi-
ciency. Three of the twelve patients enrolled
(patients MMO5, MM07 and MM10) were treated
with two cycles of HD-MEL three months apart,
each followed by autologous stem cell rescue. The
response to HDT and PBSCT was evaluated imme-
diately prior to initiation of the adjuvant Id vacci-
nation protocol. Complete response (CR) was
defined as the repeated absence of the known mon-
oclonal immunoglobulin (Ig) in immunofixation
electrophoresis and no evidence of clonal plasma
cells in BM cytology and histology. Partial response
(PR) was defined as a reduction of serum mono-
clonal Ig by >509% of the pretransplant level, a lack
of Bence-Jones proteinuria and less than 10% plas-
ma cell involvement in BM biopsy. Stable disease
(SD) was defined as less than 50% reduction and
less than 20% increase of monoclonal lg as com-
pared to levels in serum samples prior to HDT and
PBSCT. During the vaccination protocol only bis-
phosphonate therapy was given in parallel.

Serum-free DC generation

Monocyte-derived DC were generated using
either buffy coat preparations of blood from healthy
donors, supplied by the Transfusion Medicine
department of Tiibingen University Hospital, or
using freshly drawn whole blood from volunteers or
participating MM patients after informed consent
had been obtained. Briefly, whole blood or buffy
coats were heparinized and diluted with 1 to 2 vol-
umes of phosphate buffered saline pH 7.4 (Invitro-
gen Corporation, Karlsruhe, Germany). PB mononu-
clear cells (PBMNC) were isolated by density gradi-
ent centrifugation using Ficoll-Hypaque (Pharma-
cia Biotech, Uppsala, Sweden) and seeded at 1x107

Table 1. MM Id vaccine: patients’ characteristics.

Patient  Sex/Age Id Prior therapy Pre-PBSCT  Post-PBSCT

Isotype (no. of cycles)  conditioning  response
MMOL /47 1gG1K MP (x3), Dex MEL 200 PR
MMO2  f/45 1gGIA VAD (x3) MEL 200 PR
MMO3 /59 1gG1K CMF (x3), MEL 140 PR
VAD, Dex, VID
MMO4  f/52  IgGlk  Dex,VID(x3)  MEL200 )
MMO5  m/49  IgGiK VID (x4)  MEL200 (x2) CR

MMO6  m/60  IgGiK MP (x6), MEL 200 PR
HDT (Bu/Cy/TMI)
+auto PBSCT, VRID (x 4)

MMO7  m/57  IgGiK ID(x4)  MEL200(x2) PR
MMO8 /49  IgGlk  DexVID(x2)  MEL200 PR
MMO9 /53 IgGIA ID (x4) MEL 200 PR
MMIO  m/58  IgAK ID(x4)  MEL200(x2) PR
MM11 /56 Ig6lk ID (x6) MEL 200 PR
MM12  m/44  IgGIK  ID(x2),Cy(x2)  MEL200 PR

MP: melphalan, prednisone; Dex: dexamethasone; VAD: vincristine, adri-
amycin, dexamethasone; VID: vincristine, idarubicin, dexamethasone; ID:
idarubicin, dexamethasone; VRID: vinorelbine, idarubicin, dexamethasone;
Cy: cyclophospamide; Bu/Cy/TMI: busulfan, cyclophospamide,

total marrow irradiation; MEL 140: melphalan at 140 mg/m?;

MEL 200: melphalan at 200 mg/m2. sMMO3 was treated with adjuvant
CMF: cyclophosphamide, methotrexate and 5-FU for an invasive breast
carcinoma diagnosed 9 years before the diagnosis of MM.

cells per well into 6-well plates (Becton Dickinson
Falcon, Heidelberg, Germany). After two hours of
incubation at 37°C non-adherent cells were
removed by washing thoroughly 3 times. The adher-
ent cells, which were almost exclusively CD14 pos-
itive cells, were then cultured in the appropriate
tissue culture medium supplemented with GM-CSF
at 100 ng/mL (Novartis, Niirnberg, Germany) and
interleukin-4 (IL-4) at 1000 U/mL (R&D Systems,
Wiesbaden, Germany). No antibiotics were added
and GM-CSF and IL-4 were fed to the cultures every
other day. Monocyte cultures were achieved by cul-
turing adherent cells without the addition of
cytokines and harvesting the cells by gentle treat-
ment with a cell scraper. Serum-free media tested
were X-VIVO 10, X-VIVO 15, X-VIVO 20 (Bio Whit-
taker, Walkersville, MD, USA) and AIM-V (Gibco-
BRL, Eggenstein, Germany). Purified protein was
added to the immature DC on day 5 of the culture.
Tetanus toxoid (TT from Behring, Marburg, Ger-
many) was used at 10 pg/mL if not otherwise stat-
ed, KLH (Biosyn GmbH, Fellbach, Germany) was
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used at 50 pug/mL and individually purified myelo-
ma |d was used at 100 pg/mL. Tumor necrosis fac-
tor o (TNFa from R&D Systems) was added at 10
ng/mL to the DC cultures for the last 48 hours to
induce maturation of the protein-pulsed DC. Pro-
tein-pulsed DC (day 5) were harvested, washed free
of protein and used for in vitro or in vivo purposes
on day 7 or 10 as indicated.

In vitro DC characterization

During DC generation the tissue cultures were
monitored by light microscopy every other day for
morphology. Allostimulatory capacity of serum-free
generated DC was compared to that of DC from the
same donor generated in RPMI 1640 (Gibco-BRL)
with 10% FCS (Invitrogen) using the same protocol
as mentioned above. For protein uptake and pro-
cessing studies immature DC were pulsed on day 5
of culture with titrated amounts of TT and co-incu-
bated with constant numbers of autologous PBM-
NC responders for proliferation assays. Serum-free
generated DC were compared to monocytes for
antigen-specific proliferation using titrated
amounts of stimulators pulsed with antigen and a
constant number of autologous responders. To test
the ability of serum-free-generated DC (X-VIVO 15)
to induce peptide-specific cytotoxic T-lymphocyte
(CTL) responses in vitro, we used the HLA-A2
restricted and mucin 1 (MUC1)-derived peptide
M1.1 as previously described.'® Briefly, peptide-
pulsed and irradiated DC (0.5x108/mL) from a
healthy donor were added to autologous PBMNC
(2.5x108/mL) in 24-well tissue culture plates (Bec-
ton Dickinson Falcon) to induce peptide-specific
CTL. After three restimulations with peptide-loaded,
irradiated PBMNC, specific lysis of peptide-loaded
HLA-A2 target cells (Croft) was evaluated. The Croft
cell line is an EBV-immortalized B-cell line and was
kindly provided by O.J. Finn (Pittsburgh, PA, USA).

Antibodies and flow cytometry

Immunostaining of DC preparations was per-
formed using commercially available murine mon-
oclonal antibodies conjugated with either fluores-
cein isothiocyanate (FITC) or phycoerythrin (PE).
Antibodies against CD86 and CD40 were from
Pharmingen (Hamburg, Germany), antibodies
against CD3, CD19, CD80, HLA-DR, CD54, CD14 and
mouse |gG isotype controls were from Becton Dick-
inson Falcon, anti-CD83 was from Coulter-
Immunotech Diagnostics, Hamburg, Germany and
anti-CD1a was from Dako, Hamburg, Germany. All
DC preparations were analyzed on a FACSan Calibur
(Becton Dickinson, Seattle, WA, USA).

Id purification
MM patient-specific |d proteins were purified
from autologous serum samples obtained before or

during initial cytoreductive therapy. The procedures
of myeloma isotype identification and the subse-
quent idiotype purification using affinity chro-
matography, sequential pH step elution and final
anion exchange chromatography were exactly as
previously described.® The purification of IgA isotype
was also achieved as previously described. All puri-
fied Id proteins were extensively dialyzed against
sterile normal saline, filtered through a 0.45-mm
membrane and tested for microbiological contam-
ination prior to use.

Id/DC vaccines

Serum-free-generated (X-VIVO 15) monocyte-
derived DC preparations were obtained from adher-
ent PBMNC of MM patients with responsive dis-
ease 3 to 6 months following HDT and autologous
PBSCT. GM-CSF and IL-4 were added every other
day. Purified Id protein was added to DC cultures on
day 5 at a final concentration of 100 pg/mL. TNFa
was added during the last 48 h prior to harvest on
day 10 of culture. The autologous Id-pulsed DC
were washed free of protein and cytokines and used
as vaccines after taking aliquots for sterility testing
and FACS analyses. ld-pulsed DC for vaccination
were resuspended in 10 mL PBS with 5% autolo-
gous plasma before bolus i.v. administration. A sec-
ond Id/DC vaccine was given i.v. on day 15 after the
beginning of the vaccination schedule.

Id/KLH vaccines

Individual Id protein was conjugated to KLH using
glutaraldehyde as previously described.® After
extensive dialysis, 5 or 6 aliquots of Id/KLH vac-
cines were stored at ~20°C prior to use. Id/KLH vac-
cines were started 4 weeks after the second |d/DC
vaccine and given at 4-week intervals. Five Id/KLH
booster injections were administered subcuta-
neously with co-injection of GM-CSF at 250 pg/m2
into the same site. Subcutaneous administration of
the adjuvant cytokine, GM-CSF, into the vaccina-
tion site was repeated for three consecutive days.
The dose of GM-CSF was reduced to 100 pg/m? if
local swelling and discomfort developed. The adju-
vant GM-CSF was stopped if strong local reactions
developed already after the administration of
Id/KLH and the first dose of GM-CSF.

If patients progressed during the course of vac-
cination, the protocol was stopped and salvage
chemotherapy was promptly initiated.

T-cell assays

|d-specific T-cell responses were monitored by a
T-cell proliferation assay. Heparinized blood sam-
ples were obtained before each Id vaccination and
after the last |d/KLH vaccine. PBMNC were isolat-
ed using Ficoll-Paque density centrifugation,
washed and plated at 2x10° cells per well in 96-
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well U-bottom plates in X-VIVO 15 medium sup-
plemented with titrating amounts of autologous Id
protein, isotype matched control Ig, KLH or medi-
um alone. Stimulation was done in triplicate or
quadruplicate wells for all protein concentrations.
Low dose interleukin-2 (IL-2 from R&D Systems)
was added to cultures at 20 IU/mL on day 3. On day
5 of culture, 1 peurie of 3H-thymidine was added to
the wells and the plate was incubated for an addi-
tional 16 to 18 hours before the cells were har-
vested onto filters, washed and counted in a scin-
tillation counter. A stimulation index (SI) of 2 or
greater was considered significant.

Cytotoxic T-cell assays were performed using
PBMNC of vaccinated patients as effector cells (E)
in 5'Cr-release assays. PBMNC were freshly isolat-
ed at different time points after vaccination and
stimulated in bulk cultures at 3x10¢ cells/mL in X-
VIVO 15 medium supplemented with autologous Id
at 100 pg/mL, respectively isotype matched Ig or
KLH as a control. Low dose IL-2 was added at 20
IU/mL on day 3 and effector cells were restimulat-
ed with either Id-pulsed or control protein-pulsed
autologous, irradiated (30 Gy) DC on day 8. A sec-
ond restimulation with irradiated Id pulsed autol-
ogous PBMNC was performed on day 15 and cyto-
toxicity assays were performed on day 5 or 6 after
the second restimulation. Target cells were autolo-
gous mature DC generated as described above and
pulsed with either autologous Id protein on day 5
or pulsed with KLH as control protein. DC targets
were labeled with 5'Cr (Amersham, Braunschweig,
Germany), washed and exposed to titrating
amounts of effector cells for an incubation period
of 4 hours. Spontaneous release and maximal
release were determined by adding either medium
alone or 1% Triton-X. The specific lysis was calcu-
lated as previously described by Hsu and col-
leagues."

TNFo secretion

T helper 1 type (TH 1) cytokine responses after
Id/KLH vaccination were measured after in vitro re-
stimulation of bulk PBMNC with titrating amounts
of autologous Id, isotype-matched irrelevant Ig or
titrating concentrations of KLH. Briefly, 2x105 PBM-
NC/well were cultured for proliferation assays as
described above in triplicate or quadruplicate wells.
On day 5, supernatants of triplicate wells with the
same antigenic concentrations were harvested and
pooled. Supernatants were measured with a TNFa
kit for assaying the concentration of secreted TNFa,
representative of a TH 1 cytokine, according to the
manufacturer's instructions (Pharmingen). TNFa
secretion was considered to be Id specific if values
of ld-stimulated PBMNC were more than double
the values obtained with medium or isotype-
matched irrelevant Id control.

Humoral response to KLH

Humoral immune responses to the xenoantigen
KLH, which serves as a strongly immunogenic car-
rier for the individual Id, were measured using a
sandwich enzyme linked immunosorbent assay
(ELISA). Briefly, 96-well flat-bottom plates (Nunc
maxisorb, Wiesbaden, Germany) were coated with
KLH at 5 pug/mL in 50 mM carbonate buffer pH 9.4
and left overnight. After washing and blocking,
titrated serum samples obtained before, during and
after 1d/KLH vaccination were incubated on the
plate. The standard was a goat anti KLH antibody
(kindly provided by R. Levy, Stanford, USA). After
extensive washing the plate was incubated with
biotinylated KLH (EZ-Link Sulfo-NHS-LC-Biotiny-
lation Kit, Pierce, Sankt Augustin, Germany) which
was detected with HRP-Streptavidin. Plates were
read at 405 nm.

Results

In vitro characterization of DC

To obtain DC vaccines under serum-free culture
conditions using a standardized protocol, we first
compared 4 commercially available serum-free
media to analyze the yield of DC, the immunophe-
notypic profile and in vitro DC function.

All media tested allowed the generation of pre-
dominantly veiled cells of DC morphology. The num-
ber of DC (defined by CD1a and/or CD83 expression
and lack of CD14 expression) per 1x107 cells plat-
ed in a single well of a 6-well plate varied between
1%10° and 4x10° with no significant superiority of
a single medium for DC yield from among all media
tested (data not shown). Cells of typical DC mor-
phology and of mature DC phenotype were gener-
ated with all media, as demonstrated by light
microscopy and FACS phenotype. Analysis of the in
vitro allostimulatory capacity of serum-free gener-
ated DC, as detected in the mixed lymphocyte reac-
tion (MLR), revealed that X-VIVO 15 and X-VIVO 10
compared favorably to X-VIVO 20 and AIM-V (Fig-
ure 1). In repeated experiments X-VIVO 15 was
superior to X-VIVO 10 which led to the decision to
use X-VIVO 15 (data not shown). Immature DC gen-
erated in X-VIVO 15 without TNFa maturation were
equally effective as immature DC generated in
serum containing RP-10 medium at inducing TT-
specific T-cell proliferation in an autologous sys-
tem (Figure 2). DC generated in X-VIVO 15 were
superior to monocytes of the same donor in TT pro-
tein uptake and specific T-cell induction (data not
shown). Finally, X-VIVO 15-generated DC could be
used to induce specific cytotoxic T-cell responses in
vitro against a MUC1-derived peptide (Figure 3).

Using the optimized protocol for X-VIVO 15 we
found it necessary to prolong the time of culture to
10 days in order to obtain a higher number of DC
loosely adhering to plastic after TNFo maturation.
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Figure 1. Monocyte-derived dendritic cells generated
in serum-free media are potent stimulators of allo-
geneic lymphocytes. DC were generated in different
serum-free tissue culture media (X-VIVO 10, X-VIVO
15, X-VIVO 20 and AIM-V) starting from plastic adher-
ent monocytes of the same donor as described in the
methods section. DC were harvested, irradiated with
30 Gy and used as titrated stimulators of allogeneic
PBMNC (1x10° per well in triplicate). The uptake of
3H thymidine was measured after 6 days of culture.
DC generated in X-VIVO 10 and X-VIVO 15 compared
favorably to DC grown in X-VIVO 20 and AIM-V.

20 1 —g— MUCI1Croft
ol HIV Croft

15

specific lysis in%

100 33 11 4 1 0.3

E to T ratio

25000 1
—@— RP-10DC
—a— XV-15DC
20000 1
—&— PBMNC
E 15000 1
o
10000
5000
0 v

20 10 1 01 O

TT concentration in - pg/mL

Figure 2. Serum-free-generated DC are equally effec-
tive in tetanus toxoid-specific T-cell stimulation as
are DC generated in FCS-containing medium. Tetanus
toxoid (TT) specific T-cell responses after in vitro res-
timulation were evaluated with bulk PBMNC from a
healthy individual three weeks after booster immu-
nization with TT in alumn. In a 6-day proliferation
assay 1x105 PBMNC were stimulated in triplicate
either with titrated concentrations of TT protein
alone or with the addition of 1x10* unpulsed autolo-
gous DC. The autologous DC were either generated
for 7 days in serum containing medium (RPMI with
10% FCS) or in serum-free medium (X-VIVO 15) with-
out the addition of TNFa. Both DC populations were
equivalently effective in augmenting the TT-specific
autologous proliferation as measured by *H thymidine
incorporation.

Figure 3. Serum-free-generated DC allow the induc-
tion of peptide-specific CTL in vitro. DC were gen-
erated from the buffy coat of a healthy donor (HLA-
A2+) and mature DC (day 10) were pulsed with the
MUC1-derived peptide M1.1 as described in the
methods section. Autologous PBMNC were induced
with peptide-loaded and irradiated DC and were res-
timulated 3 times with autologous peptide pulsed
PBMNC. The induction of de novo CTL responses
with serum-free-generated DC was evaluated in a
5iCr-release assay with peptide-loaded Croft cells
(HLA-A2+) as targets. We found specific lysis of rel-
evantly loaded target cells at higher effector to tar-
get ratios. There was only background reactivity to
Croft cells loaded with the control peptide of human
immunodeficiency virus (HIV).
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Figure 4. Imnmunophenotype of serum-free-generated DC of patient MMO09. DC were generated in X-VIVO 15 as
outlined in the material and methods and pulsed with individual Id on day 5. On day 10 all cells were harvested
and predominantly veiled large cells of typical DC morphology by light microscopy (not shown) were found. An
aliquot was analyzed by FACS with double-staining and no gate was set. Bold lines depict the control isotype
antibody staining whereas specific antibody staining is shown by the filled curve.

Serum-free-generated DC for the phase I trial

All DC used in the clinical phase | trial were gen-
erated starting from freshly drawn whole blood of
MM patients with the optimized methodology out-
lined above. All 24 preparations (2 1d/DC vaccines
for each patient) were grown without antibiotics
and tested for microbiological contamination prior
to i.v. administration. The yield of DC starting from
100 mL of fresh blood varied among patients, most-
ly due to the absolute monocyte counts 3 to 6
months after HDT and PBSCT. On average, 4.5x10°¢
DC were harvested after the 10 days in vitro culture.
We reliably found veiled DC morphology using
serum-free culture conditions without the addition
of either autologous or AB serum (not shown). Try-
pan blue staining of harvested DC proved that there
was >959% viability of the cells used for the cellu-
lar vaccine. FACS analyses revealed a DC pheno-
type with almost all cells expressing high amounts
of class Il molecules, high expression of adhesion
and co-stimulatory molecules and the lack of
expression of monocytic, B- and T-cell markers (Fig-
ure 4). As depicted in Figure 5, the majority of DC
generated from all trial patients showed expression

of mature DC markers as determined by high levels
of CD80 and CD86 as well as CD83 expression.

Toxicity

For all patients enrolled we were able to isolate
and purify 10 to 20 mg of individual Id protein (11
lgG and 1 IgA) with standard procedures. The qual-
ity was assessed by SDS-PAGE and isotype-specif-
ic ELISA and revealed a purity of greater than 95%.
Id preparations and ld/KLH conjugates were nega-
tive for microbiological contamination prior to use
as vaccine. One |d/DC vaccine tested positive for
Bacillus sp. contamination without subsequent
signs of infection. All 12 patients received two
Id/DC vaccinations starting 3 to 6 months after sin-
gle or double HDT with PBSCT. No toxicity was seen
when autologous |d-pulsed DC were given intra-
venously as a bolus injection. Ten of 12 patients
received all scheduled s.c Id/KLH booster injections
with co-injection of GM-CSF as adjuvant. With
increasing number of Id/KLH booster injections we
found a moderate to advanced local reaction with
erythema, local soreness at the s.c. injection site
and swelling. All patients developed some degree of
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local reaction, some as early as after the second
Id/KLH boost, others not until after the fourth
Id/KLH vaccination (two patients). With subsequent
booster injections we then reduced the GM-CSF
dose to 40% and omitted the day+1 to day+3 GM-
CSF injections to avoid local hyperreactivity. All
local reactions were easily controlled by oral aceta-
minophen and resolved within 48 to 72 hours.

Idiotype-specific immune responses

One heavily pretreated patient (MMO06) developed
a weak (SI 1,7) but specific Id response in a stan-
dard T-cell proliferation assay already after the first
Id/DC vaccination that disappeared thereafter (Fig-
ure 6A). No cytotoxic Id-specific reactivity was
found in this patient. Patient MMO09 developed a
not pre-existing ld-specific T-cell proliferative
response after administration of two Id pulsed DC
vaccines (Figure 6B). This reactivity was accompa-
nied by ld-specific TNFa secretion which was
repeatedly found in patient MMO9 (Figures 7A and
7B). After in vitro re-stimulation we also found Id-
specific cytotoxic T-cell reactivity at a low level in
patient MMO09 (Figure 8). None of the other patients
mounted a measurable ld-specific T-cell response in
our assay systems. Since 11 of 12 patients studied
had residual circulating Id protein during the whole
course of vaccination we did not analyze the induc-
tion of anti-idiotypic antibodies.

KLH-specific immune responses

All patients who received at least three Id/KLH
booster injections with GM-CSF as adjuvant
mounted strong KLH-specific T-cell responses, as
found in our earlier trial® (Figure 9). These KLH
responses were not found prior to vaccination and
first became measurable in T-cell proliferation
assays after the first Id/KLH vaccine (4 patients),
after 2 1d/KLH vaccines (6 patients) and in one

points.
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Figure 6. Idiotype-specific T-cell proliferative respons-
es after Id/DC vaccination. Two patients (MMO6 and
MMO09) developed transient Id-specific T-cell prolif-
erative responses after one (6A, MMO06) or two (6B,
MMO9) Id/DC vaccinations. For patient MMO06 a
maximal stimulation index (Sl) of 1.7 and for patient
MMO9 a Sl of 2.6 was calculated. Neither patient
showed pre-existing Id-specific proliferation but both
were found to develop dose-dependent Id-specific T-
cell reactivity after a 6-day restimulation period as
described in the material and methods. The back-
ground proliferation at 100 pg/mL irrelevant isotype
matched Id (Irr. 100) is shown.
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Id re-stimulation
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first time after two Id/KLH immunizations in 3
patients and in 4 patients after three immuniza-
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Figure 7. Id-specific TNFa secretion in patient MMO9.
At different time points after Id/DC and Id/KLH
booster immunizations, Id-specific TNFa secretion
was measured in the pooled supernatant of re-stim-
ulation PBMNC of patient MMO09. 7A: TH1 cytokine
secretion after the second Id/DC vaccination; 7B:
TNFa secretion after two Id/DC vaccinations and
four Id/KLH booster immunizations. The TNFa secre-
tion into medium without Id was 0 pg/mL in 7A and
2 pg/mL in 7B and is subtracted from the appropri-
ate values. TNFa secretion at 100 pg/mL irrelevant
idiotype (Irr. 100) stimulation is depicted next to the
individual Id at 100 pg/mL concentration.

and both patients succumbed to disease within 3
and 9 months after initiation of salvage therapy.
Eight of ten patients who received all scheduled
vaccinations progressed. Four of these patients died
due to progressive disease or infectious complica-
tions, whereas the other four are alive and well with
salvage therapy (MMO1, MM06, MM07 and MM12).
Two patients who were in PR at the start of the
vaccine protocol remain in a clinically stable con-
dition without any further treatment after comple-
tion of the vaccination series with a follow-up of 29
months (MMO09), and 25 months (MM11) after
starting the trial (Table 2).
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Figure 9. KLH-specific T-cell proliferation in patients MMO1 and MMO2. KLH-specific immune responses of patients
MMO1 (9A) and MMO02 (9B) are depicted as representative of KLH-specific T-cell responses in all patients. The
KLH-specific T-cell responses before, during and after the first two Id/KLH booster vaccinations are shown. PBM-
NC were collected and stimulated with titrated concentrations of KLH in vitro. The incorporation of 3H-thymidine
was measured after 6 days of culture. Results for medium (med.) and irrelevant isotype control at 100 pg/mL

(irr.100) are also shown.

Table 2. MM Id vaccine. Patients’ clinical and
immunological outcome.

Patient Status ~ Status Time to PD from Immune Status as of
pre Vac  post Vac  start of Vac response 08/02 (f/u)
KLH Id
MMO1 PR PR 20 mo ++ - a/w (50 mo)
MM02 PR PR 14 mo + - dec
MMO3 PR PR 11 mo ++ - dec
MMO4  SD SD 7mo ++ - dec
MM0O5  CR PDa 3 mo ++ - dec
MMO6 PR PR 6 mo ++ + a/w (37 mo)
MMO7 PR PR 17 mo ++ - a/w (32 mo)
MM0O8 PR PRe 5mo + - dec
MM09 PR PR +29mo ++ ++ a/w (29 mo)
MM10 PR PD 4mo + - dec
MM11 PR PR +25mo ++ - a/w (25mo)
MM12 PR PR 7mo ++ - a/w (24 mo)

apatients MMO5 and MMOS8 did not receive all scheduled vaccines due to
progressive disease during the vaccination protocol. Vac: vaccination;
f/u: follow-up; a/w: alive and well; dec: deceased; mo: months.
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Discussion

We report here on the development of a system to
generate a reliable source of DC using serum-free
culture conditions for the production of a specific
vaccine for MM patients after HDT when pulsed
with individual Id protein. The DC yield was compa-
rable to that in our previous trial® but the purity of
the DC preparations was significantly higher. The
serum-free monocyte-derived DC were morpholog-
ically and functionally mature DC. In line with oth-
er reports'* these DC were potent stimulators of
allogeneic MLR and induced primary CTL responses
in vitro. In contrast to the results of the thorough
investigation of Tarte and co-workers, we found a
high (>95%) viability of DC under our serum-free
culture conditions without the addition of human
serum or albumin.™® This might be due to the fresh
starting material in our trial as compared to leuka-
pheresis products used by Tarte's group.

It remains unknown whether the DC dose is
important for the immunological or even clinical
outcome in the human system. The dose we applied
was easily achievable with blood samples of 100
mL, whereas higher doses would require leuka-
pheresis for DC generation. A recent paper by Yi and
co-workers proposed the use of higher numbers of
DC."® Due to the limited number of patients in this
trial it remains to be seen whether these positive
results are based on higher DC numbers or poten-
tially on the route of DC administration, as assumed
by the authors. Different investigators have shown
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that subcutaneously administered DC of mature
phenotype migrate to draining lymph nodes'” and
can induce immunological and clinical responses.’
Despite the notion of many investigators that intra-
venously administered DC are trapped in the pul-
monary capillaries, there is good immunological and
clinical evidence that DC given intravenously are
functional.’?® There is only preliminary evidence
from one group of investigators that CTL precursor
frequency decreases when changing from s.c to i.v.
DC vaccine administration.

We found measurable I|d-specific immune
responses in two of 12 MM patients, which isin line
with our previous results using Id pulsed DC pre-
cursors from peripheral blood.® It remains unclear
whether this low rate of specific immune respons-
esisdue to a DC defect in MM, as proposed by var-
ious groups,'®'® or is a reflection of poor immune
reconstitution early after HDT. In contrast, we found
early, strong and lasting T-cell and antibody
responses to the neoantigen KLH in our group of
patients, which is in line with the findings of Mas-
saia and colleagues.?® We vaccinated MM patients
who were in clinical PR; single patients were in SD
or CR. Based on investigations by Bogen and co-
workers in their murine model of MM, it should be
emphasized that the lowest tumor mass possible
would allow better immunological and potentially
better clinical outcome. Therefore, the immuniza-
tion of patients in clinical CR after HDT and PBSCT
seems most promising and will be investigated in
our future trials. Whether Id vaccination schedules
which target MM patients earlier in the course of
their disease (i.e. in stage 1) or which offer Id vac-
cination before and after HDT will translate into
higher rates of immune responses or will yield bet-
ter clinical responses remains to be seen. So far, Id
vaccination in MM has not achieved the remarkable
immune and subsequent clinical responses already
found in NHL."2

With regard to the tumor antigen, there is a large
body of evidence that ld-specific CTL responses can
be induced not only in vitro*-2 but also in vivo.'®
There is growing interest in other tumor-associated
antigens, which will make the identification or
purification of individual antigens such as Id unnec-
essary. So far there is no clinical data available on
the vaccination of MM patients with MAGE or
MUC1 proteins or peptides. RNA array technology
will certainly allow better characterization of indi-
vidual MM clones in order to define risk profiles
based on the vast amount of individualized data,
but will also allow promising targets of immuno-
therapy to be identified.?*25

The clinical outcome of our study population is
limited but probably realistic whereas others have
postulated clinical effectiveness of Id vaccination
based on preliminary data.?® Whether the induction
of myeloma-specific immune responses in clinical

trials will be achieved by techniques such as hybrid
cell vaccination, which has yielded promising results
in murine models of MM,?” or by means of RNA
transfection, as found by our group in myeloma cell
lines,?® remains to be seen.
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What is already known on this topic

Idiotype (Id), immunoglobulin expressed by clon-
ally expanded B cells, is the only widely accepted
tumor marker and is a promising therapeutic target
for immunotherapy of B-cell malignancies. Although
Id vaccination of patients with follicular lymphoma
(FL) has been proven to be effective, the vaccine effi-
cacy for multiple myeloma (MM) is, so far, not
encouraging.

What this study adds

In this issue of Haematologica, Reichardt et al.
report data from a clinical phase | trial of twelve
MM patients vaccinated shortly after HDT and PBSCT
with two doses of Id-pulsed DC followed by 5 doses
of a protein-based formulation. Idiotype was used as
a tumor-specific antigen and GM-CSF as an adju-
vant. They established a simpler approach to pro-
duce autologous monocyte-derived DC under serum-
free culture conditions, which circumvents repeti-
tive stimulation with xenogenic antigens of fetal calf
serum.
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