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Abstract We previously demonstrated that autologous
dendritic cells that have endocytosed apoptotic bodies of
chronic lymphocytic leukemia (CLL) cells (Apo-DC) can
stimulate antileukemic T cell responses in vitro. In this
phase I study, we vaccinated 15 asymptomatic CLL
patients at five time points with Apo-DC administered
intradermally either alone (cohort I), or in combination
with subcutaneous granulocyte—macrophage-colony-sti-
mulating-factor (GM-CSF) (cohort II) or with GM-CSF
and intravenous low-dose cyclophosphamide (cohort III).
Aim of the study was to evaluate the safety and immuno-
genicity of Apo-DC alone or in combination with GM-CSF
and low-dose cyclophosphamide in CLL patients. All
patients completed the vaccination schedule without dose-
limiting toxicity. No objective clinical responses were
seen. Vaccine-induced leukemia-specific immune respon-
ses were evaluated by IFN-y ELISpot and proliferation
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assays over a 52 weeks observation period and immune
response criteria were defined. According to these criteria,
10/15 patients were defined as immune responders. The
frequency of immune-responding patients was higher in
cohorts II (3/5) and III (5/5) than in cohort I (2/5). In order
to further characterize the induced immune response,
estimation of secreted cytokines and CD107-degranulation
assay were performed. Clustering of T and CLL cells was
observed in CD107-degranulation assay and visualized by
confocal microscopy. Additionally, assessment of regula-
tory T cells (Ty,s) revealed their significantly lower fre-
quencies in immune responders versus non-responders
(P < 0.0001). Cyclophosphamide did not reduce Tiegs
frequency. In conclusion, vaccination with Apo-DC +
GM-CSF and cyclophosphamide was safe and elicited anti-
CLL immune responses that correlated inversely with Tyeg
levels. Lack of clinical responses highlights the necessity to
develop more potent vaccine strategies in B cell
malignancies.

R. Horvath
Institute of Immunology, Charles University,
2nd Medical School, Prague, Czech Republic

P. Kokhaei
Department of Immunology, Semnan Medical University,
Semnan, Iran

H. Mellstedt (D<)

Department of Oncology, Cancer Centre Karolinska, Karolinska
University Hospital Solna, 171 76 Stockholm, Sweden

e-mail: hakan.mellstedt @karolinska.se

@ Springer


http://dx.doi.org/10.1007/s00262-011-1149-5

866

Cancer Immunol Immunother (2012) 61:865-879

Keywords CLL - Dendritic cells - Immunotherapy -
Cyclophosphamide - Regulatory T cells - GM-CSF

Introduction

Chronic lymphocytic leukemia (CLL) is a B cell
malignancy characterized by the progressive accumula-
tion of B lymphocytes in blood, bone marrow, and
lymphoid organs. Typically, patients are treated only
upon disease progression. First-line combination chemo-
immunotherapy produces complete remission in approx-
imately 40% of patients, which is associated with a
prolonged overall survival [1, 2]. However, patients may
have a reduced tolerability to intensive combination
treatments with advanced age or comorbid conditions
[3]. There is no established therapy to prevent or delay
disease progression, or for maintenance therapy in the
response/plateau phase following chemotherapy. There is
a great unmet medical need to develop such therapies in
CLL.

Mature dendritic cells (DC) derived from cancer patients
can process tumor-associated antigens (TAAs) correctly
and display them on their surface [4]. In previous studies,
[5, 6] we showed that apoptotic bodies of leukemic cells
were superior to other approaches (tumor lysate, tumor
RNA, cell fusion hybrids) for loading of whole tumor cells
into autologous DC and selected as a vaccine for this
explorative clinical trial.

The aims of the present study were to elucidate whether
apoptotic bodies of autologous leukemic cells loaded onto
DC (Apo-DC) could induce anti-tumor immunity in vivo
and if granulocyte—macrophage-colony-stimulating-factor
(GM-CSF) and low-dose cyclophosphamide (CTX) could
enhance vaccine-induced immune responses. We defined
criteria for immune response assessment, which might be
applied in forthcoming leukemia vaccination studies.

Patients and methods
Study population and eligibility criteria

Patients with diagnosis of CLL [7], aged 18-80 years,
asymptomatic, with no expected need for anti-tumor
treatment within the next 6 months and able to undergo a
leukapheresis were eligible. Patients must not have evi-
dence of hepatic or renal disease or cardiovascular disease
> grade I according to American Heart Association crite-
ria. Patients on concurrent NSAID therapy or corticosteroid
therapy other than a maintenance dose of prednisone
<10 mg/day were also excluded from the study.
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The study was performed in keeping with the Helsinki
declaration on research with human subjects and approved
by the regional ethics committee. All patients provided
written informed consent.

Preparation of the vaccine

The vaccine was produced at a certified GMP laboratory
from a leukapheresis product in adherence to a previously
validated protocol [8]. Briefly, CD14™ and CD19" cells
were isolated by immunomagnetic separation using the
CliniMACS® affinity-based technology (Miltenyi Biotec
GmbH, Bergisch Gladbach, Germany). B cells were cul-
tured without cytokines and irradiated (5 Gy). CD14™" cells
were cultured in CellGro serum-free DC-medium (Cell-
Genix, Freiburg, Germany) supplemented with GM-CSF
(100 ng/ml) (Leukine, BERLEX®, Seattle, WA) and IL-4
(20 ng/ml) (CellGenix, Freiburg, Germany). On day four,
immature DC (imDC) and apoptotic B cells were mixed at
a ratio of 2:1. Tumor necrosis factor alpha (TNF-«) (20 ng/
ml) (CellGenix, Freiburg, Germany) was added on day 5
and the cells cultured for an additional 48 h. The cells
(Apo-DC) were suspended in autologous heat-inactivated
plasma with 10% dimethyl sulfoxide (DMSO) (Sigma-
Aldrich, St. Louis, MO), aliquoted and cryopreserved at
—150°C until used for vaccination. The Apo-DC vaccines
were tested for sterility and endotoxins using the Limulus
test. All the vaccines produced (n = 17) were free from
contaminants and detectable endotoxins.

Vaccination schedule

The patients were accrued in three consecutive cohorts,
each consisting of 5 patients. Patients withdrawn from the
study due to progression of disease before completion of
the vaccination schedule (5 injections) were replaced. A
schematic view of the study protocol is shown in Fig. 1.
Cohort I received the Apo-DC vaccine alone as intradermal
injection at day 1, weeks 0, 2, 4, 6, and 14. At each vac-
cination, a minimum of 10’ viable Apo-DC suspended in
1 ml of sterile saline were administered in the upper left
arm. The same site was used for all subsequent injections.
Cohort II received the vaccine as above together with
75 pg/day of GM-CSF subcutaneously at the same site as
the vaccine [9], for four consecutive days (1-4). Cohort III
received the same treatment as cohort II but with the
addition of CTX 300 mg/m” intravenously at day —2 at
week 0, 6, and 14 [10].

The optimization of the vaccine production platform
achieved during the study allowed producing a greater
amount of vaccine for each individual patient. For this
reason, patients who had no need of anti-tumor treatment at
week 52 were offered to receive additional immunizations
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Fig. 1 Schematic view of the study protocol. Patients received the
Apo-DC vaccine as intradermal injection at day 1, weeks 0, 2, 4, 6,
and 14 (middle arrows). Cohort II patients received the vaccine as
above together with 75 pg/day of GM-CSF subcutaneously at the

every fourth week as long as vaccine was available for a
maximum of 1 year (“maintenance vaccination”). Main-
tenance vaccination was performed according to the same
schedule the patients had followed in the first part of the
study. Patients belonging to cohort II received therefore
subcutaneous GM-CSF day 1-4 and patients belonging to
cohort III received subcutaneous GM-CSF day 1-4 and
CTX 300 mg/m” intravenously at day —2 before every
other vaccine administration.

Efficacy assessment and clinical response criteria

The patients were evaluated for clinical effects by physical
examination and blood counts at weeks 8, 16, 28, 40, and
52. A CT scan of the thorax/abdomen was performed
before vaccination and repeated at week 40 at the discre-
tion of the physician. Clinical responses were assessed by
the IWCLL response criteria [7].

Immune function testing

Isolation and enrichment of mononuclear cells for immune
assays

Venous blood was collected in heparinized tubes at each
immune test time point. Peripheral blood mononuclear
cells (PBMC) were isolated by density gradient centrifu-
gation on a Ficoll-Hypaque gradient (GE Healthcare,
Uppsala, Sweden). PBMC were washed three times with
phosphate-buffered saline (PBS), placed on a nylon wool
column (Biotest, Breiech, Germany), and CD19"¢ cells
were eluted from the column [11]. Effluent cells (CD19"®
cells) were collected to be used as effector cells in the

same site as the vaccine, for four consecutive days (1-4) (short
arrows). Cohort III received the same treatment as cohort II but with
the addition of CTX 300 mg/m? intravenously at day —2 at week 0, 6,
and 14 (long arrows)

immune tests. In case the purity of this cell population was
below 90% as determined by flow cytometry, further
immunomagnetic depletion with anti-CD19 Microbeads
(Miltenyi Biotec) was performed. The viability check of
the effector cell population was carried out prior to each
test occasion and found to be above 95%.

Activated CLL cells were generated before vaccination
start by coculturing autologous CLL cells on hCD40L-
transfected NIH-3T3 fibroblasts [12] for 48 h. Activated
CLL cells were cryopreserved at a concentration of
25 x 10° cells/ml in RPMI medium with 10% human
AB+ serum and 10% DMSO at —150°C until thawed to be
used as targets for immune tests. Mean viability after
thawing was 90%. Prior to use in the assays, targets were
subject to 50 Gy irradiation using a GAMMA CELL 2000
device (Molsgaard Medical, Horsholm, Denmark) to get
them into apoptosis.

Lymphocyte proliferation assay

2 x 10* activated CLL cells were added to 1 x 10°
autologous freshly isolated effector cells in a 96-well
U-bottom plate in quadruplicates in RPMI with 10%
human AB+ serum, 2 mM L-glutamine, 100 IU/ml peni-
cillin, and 100 pg/ml streptomycin and incubated at 37°C
for 6 days in humidified air with 5% CO, atmosphere.
Effector cells stimulated with phytohemagglutinin (PHA)
(10 pg/ml) served as a positive control. Effectors cells
cultured in the absence of the targets served as negative
control.

One pCi methyl—3H—thymidine (Amersham Pharmacia
Biotech, Uppsala, Sweden) was added to each well for the
final 18 h. On day 6, cells were harvested by an automatic
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cell harvester (Skatron, Lier, Norway). The incorporated
radioactivity was measured in a beta-scintillation counter
(Wallac, Turku, Finland). The results were expressed as
counts per minute (CPM)/ 10° effector cells. The coefficient
of variation (CV) for the assay performance was calculated
to be 34%. The values outranging the mean + CV were
considered as outliers and excluded from the analysis. The
results are expressed as the mean of quadruplicates
excluding the outliers. Counts were corrected for back-
ground incorporation of radioactivity by effector cells in
the absence of any stimulation (netCPM). For all the assays
performed (n = 138), the median background was 108
CPM/10° effector cells. The background incorporation of
target cells cultured alone was insignificant (data not
shown). PBMC from a healthy donor were included in each
experiment as a control.

Cytokine secretion assay

After 5 days of culture, 75 pl of the supernatant from each
well of the proliferation assay was collected and stored at
—70°C until analyzed. The supernatants were assayed for 7
different cytokines (IL-2, IL-4, IL-5, IL-10, GM-CSF, IFN-y,
and TNF-«) using the Bio-Plex Pro Tm Cytokine Reagent Kit
and the Exp Hu Cyto Grp 1, 7-plex (Bio-Rad Laboratories,
Hercules, CA) according to the manufacturer’s instructions.

ELISPOT assay

Nitrocellulose membrane bottomed-plates (Millipore,
Bedford, MA) were coated at 4°C overnight with a mouse
anti-human IFN-y mAb, clone 1-D1 K (10 pg/ml; Mabtech
AB, Stockholm, Sweden). After removal of the coating
solution, the plates were washed 3 times in Tris-buffered
saline (TBS) and 1 x 10° autologous freshly isolated
purified effector cells were added and incubated at 37°C for
20 h with 2 x 10* CD40L-stimulated autologous B cells in
RPMI with 10% FBS, 2 mM L-glutamine, 100 IU/ml
penicillin and 100 pg/ml streptomycin. T cells stimulated
with PHA (10 pg/ml) served as a positive control.

The cells were then washed away with PBS and the plates
incubated for 2 h at room temperature with 1 pg/ml biotin-
conjugated anti-human IFN-y 7B6-1 mAb (Mabtech).

After washing, streptavidin-ALP (Mabtech) was added,
and the plates were incubated for 1 h at room temperature,
washed and developed with BCIP/NBT Plus (Mabtech).
The number of spots was determined using the AID
ELISPOT reader (Autoimmun Diagnostika, Strasburg,
Germany). In every experiment, PBMC from a healthy
donor were run in parallel. The results are expressed as
spot-forming cells (SFC)/10° effector cells. Background
spot counts from effector cells without any stimulation
and of target cells cultured alone were subtracted from
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experimental values. The results are expressed as the mean
of quadruplicates. For all the assays performed (n = 131),
the median background was 0,75 SFC/ 10° effector cells.
With the exception of one patient (Pt III-05) for whom a
high background of target cells cultured alone was
observed in all the tests, the background of target cells
cultured alone was insignificant (data not shown).

T\egs analysis

The percentage of regulatory T cells (Tyes) wWas evaluated
by intracellular hFOXP3 staining of purified T cells using a
staining kit including PE-labeled anti-human FOXP3 and a
APC-labeled anti-hCD25/FITC-labeled anti-hCD4 anti-
body cocktail (eBioscience, San Diego, CA) following
manufacturer’s instructions.

CDI107 degranulation assay

1 x 10° autologous freshly isolated purified effector cells
were added and incubated at 37°C 5% CO, atmosphere
with 2 x 10° CD40L-stimulated autologous B cells
(effector/target cell ratio = 1:2) in 200 pl RPMI with 10%
FBS. Spontaneous degranulation was determined using
effector cells alone.

Ten pl of a mix of FITC—conjugated CD107a/CD107b
mAD (BD Bioscience) was added to each well containing the
B/effector cell mixture. Monesin was added to a final con-
centration of 0.1%. After 5 h coculture, cells were washed in
PBS and stained with mAbs for flow cytometry (CD3, CD19,
and either a CD4/CD8 mix or a CD16/CD56 mix, respec-
tively, as well as AF700 and PE isotype controls).

T cells were characterized by staining with PE-labeled anti-
CD4, AF700-labeled anti-CD8a, APC-labeled anti-CD3, and
PE-labeled anti-CD19 (BioLegend, San Diego, CA).

Natural killer (NK) cells were characterized by staining
samples with PE-labeled anti-hCD56, AF700-labeled
anti-hCD16, APC-labeled anti-hCD3, and PE-labeled
anti-CD19 (all from BioLegend). The frequency of CD107
positivity in the CD8", CD4", and CD16CD56%™ pop-
ulations, respectively, were normalized for the proportion
of cells in the parent populations.

Immunofluorescence and confocal microscopy image
acquisition

CDA40L-stimulated autologous B cells and freshly isolated
effector cells were cocultured at an E/T cell ratio of 1:2
after staining with Cell Tracker CM-Dil (Invitrogen
Molecular Probes, Eugene, OR) and carboxyfluorescein
diacetate succinimidyl ester (CFSE) (Sigma-Aldrich, St.
Louis, MO), respectively. Briefly, purified B cells were
resuspended in RPMI with 5% FBS and incubated with
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CM-Dil for 5 min at room temperature and subsequently
for 15 min at +4°C. Cells were then washed twice with
RPMI with 5% FBS. For labeling of effector cells, the cells
were resuspended in PBS with 5% FBS and incubated with
2 uM CFSE as described [13]. After labeling, effector and
target cells were coincubated for 5 h at 37°C, harvested,
washed and seeded on poly-L-lysine microscope slides
(Polyscience, Warrington, PA). The slides were incubated
for 30 min at +4°C, washed with PBS and fixed with 4%
PFA for 15 min at room temperature. Fixed cells were
incubated for 5 min at +4°C with 1 uM of TO-PRO
(Invitrogen Molecular Probes, Eugene, OR) for staining of
the nuclei. The specimens were then mounted on Vecta-
shield H-1000 reagent (Vector Laboratories, Burlingame,
CA) and covered with coverslips (Polyscience, Warrington,
PA). Medial optical section images were captured by laser
scanning using a Leica TCS SP5 confocal microscope.

Statistical methods

Statistical analyses were conducted using the JMP software
5.1.2 and the StatView software 5.0.1 (SAS Institute, Cary,
NC, USA). Comparisons of numerical variables between
two groups of patients were done with the non-parametric
Mann—Whitney’s U test. The non-parametric Kruskal—
Wallis test was used for cohort analyses. Comparison of
numerical variables measured at >2 time points in the
same individual was done with paired ¢ test. Simple
regression analysis was used to examine the relationship
between the frequency of T,. and proliferation netCPM
values.

Univariate survival curves were generated using the
Kaplan-Meier method. A P value <0.05 was considered
statistically significant; all tests were 2-sided.

Immune monitoring

Tumor-specific immune responses were measured before
vaccination (mean of two pre-tests) and at weeks 8, 16, 28,
40, and 52 in all patients. During maintenance vaccination,
tumor-specific immune responses were measured every
3 months up to 6 months after the last vaccination.

Definition of tumor-specific and vaccine-induced
tumor-specific immune response

For the proliferation assay, CPM in experimental wells was
compared with that of control wells (effector cells alone). A
P value <0.05 (Mann—Whitney’s U test) was considered a
tumor-specific immune response. For the ELISPOT assay,
the same statistics were applied. A vaccine-induced immune
response was defined if all of the following criteria were met:
(a) presence of a tumor-specific immune response in either

proliferation or ELISPOT assay as defined above; (b) statis-
tically significant increase in cpm (proliferation) or number
of spots (ELISPOT) in experimental wells at the follow-up
time point vs pre-vaccination values (Mann—Whitney’s
U test); (c) >2-fold increase in immune response compared
with pre-vaccination values at >1 time points. Such criteria
were defined prior to the initiation of the study.

Results
Patient characteristics

Between June 2005 and October 2009, 16 CLL patients
were included in the study. Of these, 15 completed the
vaccination schedule receiving 5 vaccine doses. Patient III-
02 was withdrawn after the first four injections due to
disease progression. One additional patient (I-06) was ini-
tially enrolled in the study and vaccine prepared when
routine screening detected hepatitis C virus (HCV) posi-
tivity. Following consultation with infectious disease spe-
cialists, the decision was made to vaccinate the patient
off-protocol as the patient wanted to remain in the study.
Patient I-06 was vaccinated according to a separate sche-
dule (details in Fig. S3, available on-line). The patient
never received antiviral therapy and the HCV viral load
remained unchanged at a 4-year follow-up.

Patient demographics, baseline characteristics and clin-
ical outcome of the 15 evaluable patients and of patient
1-06 are presented in Table 1.

Pt I-01 was re-classified as atypical hairy cell leukemia
after completion of the trial. In total, seven patients
received maintenance vaccination, two in cohort II and five
in cohort III (details in Table 1).

Quality control of vaccine preparations

Details of the cellular vaccine production from the first ten
patients (cohorts I and II) have been reported in detail
elsewhere [8]. Briefly, CD14+ selection resulted in a
highly enriched cell population 93 + 1.7% (mean &+ SEM)
(n = 16). Flow cytometric analysis of the Apo-DC showed
a mature DC phenotype with the expression of CD80
(94.5 £ 2%), CD86 (91.9 + 1.9%), CDS83 (71.5 £+ 4.9%),
DC-SIGN (87.1 & 4.3%), and CDla (44 £ 6.7%). The
expression of other markers was as follows: ILT-3
(31.1 £ 5.5%), HLA-DR (94.8 & 1.7%), CD14/CD45
(19.6 £ 6.9%), CD20 (1 &+ 0.2%), and CCR-7 (18 & 6%).

Cell viability and recovery of thawed Apo-DC was
96 £ 0.2% and 98 + 4.7% (mean + SEM) (n = 101),
respectively, with no significant differences between the
three cohorts. The median total number of Apo-DC
received by each patient in cohort I was 67 x 10° cells
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(range: 35-89) (n = 5); in cohort II 88 x 10° (range:
76-120) (n = 5), and 83 x 10° (range: 57-97) in cohort 11T
(n = 6). The mean number of Apo-DC administered dur-
ing the induction phase at each vaccination was 13 £
0.3 x 10° (n = 25) in cohort I, 18 & 0.4 x 10° (n = 26)
in cohort II, and 17 £+ 0.9 x 10° (n = 28) in cohort III;
during maintenance, it was 16 £ 0.5 x 10° (n = 34).
Patient I-06 received a total of 195 x 10° Apo-DC.

Safety

In cohort I, only one patient had a grade 1 injection-site
reaction after the first vaccination. In cohort II and III,
grade 2 injection-site reactions occurred in all patients
following GM-CSF administration. Swelling and erythema
were seen in all patients, pruritus in 8/11, and local pain in
2/11 patients. All reactions were transient, did not require
medication and resolved within 48 h. One patient (II-03)
had grade 2 fevers and grade 1 chills after the first vacci-
nation. The dose of GM-CSF was reduced to one—third, and
at the second vaccination, grade 1 fever occurred. The six
patients who received maintenance vaccination had more
intense injection-site reactions < grade 2. Pt I-06 had grade
2 erythema when GM-CSF was added. No cumulative
toxicities were observed during the induction or the
maintenance phase. Pt I-03 was diagnosed with chronic
myeloid leukemia (CML) 1 year after inclusion in the trial.

Vaccine-induced immune responses

All patients had antileukemic immune reactivity before
vaccination detectable either in the proliferation (14/15) or
in the ELISPOT assay (12/15) or in both (11/15). Such
leukemia-specific immune response persisted in the
majority of the patients at the majority of the time points
after vaccination.

The vaccine-induced immune responses during the
induction and the maintenance vaccination and follow-up
are shown in Fig. 2. Collectively, 10/15 patients demon-
strated increased antileukemic immune reactivity post-
vaccination, 2/5 in cohort I, 3/5 in cohort II, and 5/5 in
cohort III. Patients I-04 and II-04 experienced a significant
decrease in tumor-specific immune response during follow-
up. Higher concentrations of IL-2, IL-5, IL-10, IFN-y, GM-
CSF were noted in immune responders while higher IL-4
and TNF-a were in immune non-responders (Luminex
assays). Significantly, higher through values (all cytokine
secretion values over time) were seen in immune
responders for IL-2 and IFN-y (P = 0.003 and 0.0009,
respectively, Mann—Whitney’s U test), while marginally
significant values for TNF-a were observed in immune
non-responders (Fig. S1, available on-line).

@ Springer

Fig. 2 CLL-specific immune responses in cohort I, I, and III. a IFN-y
ELISPOT and b lymphocyte proliferation assay in the individual
patients comparing pre-vaccination and follow-up. * indicates leuke-
mia-specific immune response; (+) indicates response meeting the
criteria for a vaccine-induced immune response (see “Patients and
methods” for definition). SFC spot-forming cells, CPM count per
minute

The frequency of CD4"CD25"€"FOXP3™ T cells (Tregs)
over time in the different cohorts is shown in Fig. 3a. No
statistically significant difference between the three cohorts
at baseline or during the follow-up was noted (Kruskal—
Wallis test). However, significantly lower levels of Tyegs
during the first year of follow-up (P < 0.0001, Mann—
Whitney’s U test) were noted in immune responders
compared with immune non-responders (Fig. 3b). Tregs
levels correlated inversely to the proliferative response
(Pearson’s r = —0.51, P < 0.0001; Fig. 3c). Vaccine-
induced immune responses in patient 1-06 are showed in
Fig. S3 (available on-line). The frequency of T,g in this
patient was low during the whole follow-up.

We also tested the effect of CTX administration on Tieg
by comparing T, levels before CTX administration and
10 days later. At 7/9 testing times, the levels remained
stable and increased in 2/9 (Fig. 3d).

CD8*' and CD4" T cells degranulation was detected in
11/11 patients in whom the test was performed at > 2 time
points. All the patients (» = 7) in whom baseline values were
available had an increased frequency of CD8TCD107% and
CD41TCD107™ cells after vaccination; 5/7 had an increased
frequency of CD16TCD56%™CD107". Such increase did not
reach statistical significance (paired ¢ test). Individual patient
data are reported in Fig. S2 (available on-line).

In all patients, a double-positive CD3"CD19" cell
fraction was noted in all in vitro tests at an E/T cell ratio of
1:2 (Fig. 4a). In this fraction, the frequency of degranu-
lating T cells was high, indicating that the double positivity
may represent T/B cell aggregates, including T cells with a
cytotoxic capability (Fig. 4b). The presence of such
aggregates and destruction of the leukemic targets was
confirmed by confocal microscopy (Fig. 5).

Efficacy

The clinical outcome of the patients is reported in Table 1.
The leukemic cell count remained stable in most patients
during the study and no patient (except Pt I-06, see below)
fulfilled the IWCLL criteria for partial response [7]. The
lymphocyte doubling time was not affected in evaluable
patients (data not shown). The median time-to-progression
(TTP) in immune responders and immune non-responders
was similar (14 and 12 months, respectively). Patient I-06
had a gradual reduction in the lymphocyte count during the
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vaccination period (Fig. S3, available on-line) and
achieved a nodular partial remission in the bone marrow.

Discussion

Anecdotal reports of spontaneous remissions of CLL [14]
as well as established “graft-versus-leukemia” effect after
allogeneic hematopoietic stem cells transplant or donor
lymphocyte infusion [15-18] may indicate that CLL is
responsive to immune effector functions. Furthermore,
natural occurring T cells specifically recognizing CLL cells
have been reported [19-24].

Fig. 4 A representative experiment of CD107 degranulation assay in
immune-responding patient III-04 (week 52). a Cell populations
detected in E/T cell ratio 1:2 versus E/T cell ratio 1:0. b Frequency of
degranulating CD4", CD8", and CD4*CD8" T cells in the CD3P*®
(gate R1), CD3P**CD19"¢ (gate R2), and CD3P**CD19"** (gate R3)
populations

Non-progressive CLL should present an optimum dis-
ease setting for testing active (i.e., vaccine) immunother-
apy approaches. The tumor burden is low and the indolent
course may allow sufficient time for the induction of an
effective immune response. Moreover, immune functions
may be better preserved in this setting than during the
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Fig. 3 CD47CD25"e"FOXP3* T cells. a Frequency of Tieg in maintenance vaccination follow-up (n = 109) (Pearson’s r = —0.51;

cohorts I, II, and III (lines represent mean values). b Immune-
responding (gray columns) and immune non-responding patients
(black columns) (mean = SEM) patients, (*P < 0.05; *** P < 0.0001).
¢ Correlation between frequency of CD4TCD25"E"FOXP3™ T cells
and proliferation netCPM values in all the 15 vaccinated patients
tested at all time points during both the 52 weeks follow-up and the

@ Springer

P < 0.0001). d. Ratio between the frequency of CD4*CD25"eh
FOXP3* T cells at day 10 after a CTX administration (post-CTX) and
the frequency of CD4+*CD25ME"FOXP3™ T cells prior to CTX
administration (pre-CTX). Columns represent individual patients in
cohort III tested at different time points (n = 9)
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Fig. 5 CLL cells (red)—effector
T cells (green) aggregates after
5 h of coculture as assessed by
immunofluorescence and
confocal microscopy. The
staining was performed in
parallel with the CD107
degranulation assay shown in
Fig. 4

progressive phase or following initiation of immunosup-
pressive anti-tumor therapy.

The use of whole tumor cells as a vaccine has the
potential advantage of targeting the complete repertoire of
TAAs. In CLL, such cells are easily accessible facilitating
the production of a personalized cell-based vaccine.

The induction of an effective immune response in CLL
might be hampered by the underlying immune dysfunction
related to the disease [25] and aggravated by anti-cancer
treatments [26]. A successful vaccination should therefore
combine measures to improve antigen presentation and
strategies to restore immune functions.

During the last decades, a large number of clinical trials
have explored the possibility to induce an immune response
against cancer cells by vaccination. Collectively, these trials
showed that immunotherapy is safe with low toxicity, but
most of them have failed to show clinical anti-tumor effects.
The majority of the trials recruited patients with advanced
disease, who had essentially exhausted every other thera-
peutic option [27]. Encouraging results have been obtained
in some patients with limited disease or in the adjuvant set-
ting, indicating that patients with a low tumor burden and not
heavily pre-treated may be more prone to develop a func-
tional anti-tumor immune response [28—30].

@ Springer

The few cell-based immunotherapy trials conducted in
CLL used vaccines based on either allogeneic DC loaded
with tumor lysates or apoptotic bodies (n = 9) [31], or
autologous DC pulsed with tumor lysates (n = 12) [32].
No vaccine adjuvants were used. Patients in these trials
seldom achieved objective clinical responses as defined by
standard criteria such as IWCLL [7], which is in line with
the lack of objective clinical remissions in our trial.

In a recently reported study in multiple myeloma [33],
autologous DC fused with patient-derived tumor plasma
cells were used to vaccinate patients. In this trial, GM-CSF
was used as adjuvant and expansion of circulating tumor-
reactive lymphocytes was observed in 11/15 evaluable
patients. GM-CSF was used also in a recent peptide-based
vaccination study in CLL resulting in specific T cell
responses but again no objective clinical partial remissions
were obtained [34]. The only clinical responding patient in
our trial was Pt I-06, who had a complete response (CR) in
blood and a nodular partial response (PR) in bone marrow.
This has to be viewed with great caution, due to the con-
comitant chronic/stable HCV infection with unknown
effects on the immune system in general. A spontaneous
remission cannot be fully excluded, even though sponta-
neous CLL remissions are rare [35]. Finally, Pt I-06 was
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vaccinated according to an individual “maintenance”
schedule every 4 weeks from week 10 to week 52. Whether
this may have contributed to the overall effect is unknown
[36]. The lack of objective clinical remissions in most CLL
vaccine trials highlights the necessity to identify new
strategies which can induce immune responses that ulti-
mately mediate a clinical effect. Disease stabilization itself
at the cost of minimal toxicity would be an important
therapeutic goal in CLL, as no established maintenance
therapy exists. An interesting approach that has shown
promising results is represented by T lymphocytes with
chimeric antigen receptors (CARs) targeting CLL-specific
antigens. In a recently reported pilot study, CAR T cells
targeting CD19 were infused in three patients with
advanced CLL. These engineered T cells expanded in vivo,
induced a leukemia-specific immune response and induced
a complete remission in two out of three patients [37].

In our study, patients were vaccinated with DC loaded
with apoptotic bodies of autologous leukemic cells. The
vaccine proved to be safe and well tolerated with only mild
injection-site reactions. Beyond the safety evaluation, a
primary aim of the study was to elucidate whether Apo-DC
could induce anti-tumor immunity in vivo and the additive
effect of adjuvant GM-CSF and low-dose CTX to modulate
the immune response.

A secondary goal was to establish criteria for leuke-
mia-specific vaccine-induced immune responses, to be
applied in forthcoming leukemia vaccination studies. In
the majority of active immunotherapy trials, numerical
criteria (e.g., x-fold increase in T cell subpopulations
frequencies) are applied for the definition of vaccine-
induced immune responses. In our trial, we tried to make
immune response criteria more stringent by applying
extensive statistical analysis. Based on these criteria sys-
tematically applied for both proliferation and ELISpot
assay, 10/15 patients were defined as immune responders.
We then tried to further characterize the immune effector
cell populations both phenotipically and functionally by
CD107 degranulation assay and confocal microscopy
imaging. We could show that the frequency of CD8+ and
CD4+ cells degranulating in the presence of the leukemic
targets increased after vaccination in all evaluable
patients. It was of special interest the formation in vitro of
cell aggregates between CLL cells and cytotoxic T cells
further suggesting that T cells recognized leukemic cells.
The formation of T cell conjugates between autologous T
cells and CLL cells has also been shown by Ramsay et al.
[38].

Regarding the additive effect to the immunogenicity of
the vaccine of the two adjuvants used, GM-CSF and low-
dose CTX, the observation that the frequency of the
immune responses was higher in cohort III compared with
cohorts I and II could possibly indicate the existence of

such additive effect. It must nevertheless be taken into
account that a proper statistical comparison between the
three cohorts cannot be done due to the low number of
patients accrued and that other factors might have con-
tributed to the higher frequency of immune responses in
patients in cohort III. Differences in the biological char-
acteristics of the disease as well as in the previous
treatment history of the individual patients (2/5 patients in
cohorts I and II were previously treated, while all the
patients in cohort III were untreated) might indeed have
played a role in determining the patients’ ability to mount
a vaccine-induced immune response. Moreover, it could
be argued that the different frequencies of immune
responses observed in the three cohorts could be due to
the different number of Apo-DC that the patients
received. However, despite the fact that patients in
cohorts Il and III received approximately the same
amount of vaccine, 5/5 patients in cohort III mounted a
CLL-specific vaccine-induced T cell response compared
with 3/5 in cohort II. This observation may suggest that
the combination of the two vaccine adjuvants had an
additive effect. T,y levels were significantly lower in
immune-responding patients indicating a relation between
Trees and the capability to mount a specific cellular
response. Unexpectedly, CTX did in our study not reduce
the number of blood Ty, Which is in agreement with at
least one other study in humans [39]. An immune
enhancing effect of CTX might be nevertheless mediated
through different mechanisms of action and discriminat-
ing which is most relevant might be difficult [40]. One of
these mechanisms is the induction of lymphopenia which
in turn allows homeostasis-driven expansion of T cells.
Furthermore, phenotypic characteristics of Tyegs as asses-
sed in this study may not relate to the functional capa-
bility of the population [41].

In conclusion, our pilot study suggests that immuniza-
tion of CLL patients with Apo-DC may induce significant
immune responses and indicates that the combination with
adjuvants such as GM-CSF and low-dose CTX might have
an additive effect on the immunogenicity of the vaccine.
Our study also shows how criteria for the evaluation of
vaccine-induced immune responses in leukemia can be
established that can be applied in forthcoming studies on
potent vaccination strategies.
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