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Clinical studies suggest that treatment
with vaccines comprised of idiotype pro-
tein may be associated with improved
clinical outcome in follicular lymphoma
patients. The time-consuming process
required to generate patient-specific
vaccines is a major limitation, however.
Here we report results of a pilot clinical
trial with a novel autologous, tumor-
derived proteoliposome vaccine formu-
lation that could be rapidly produced

within a single day. Vaccination was
safe, induced autologous tumor-spe-
cific type 1 cytokine responses in 5 out
of 10 follicular lymphoma patients, and
was associated with induction of a sus-
tained complete response in one pa-
tient. Other patients had large tumor
burdens and progressed after a median
duration of 8 months. These results
suggest that further testing of this vac-
cine formulation, particularly in the set-

ting of minimal disease, is warranted.
Furthermore, the proteoliposome formu-
lation may provide a model for vaccine
development for other human cancers,
for which tumor-associated antigens
need not be defined. (Blood. 2007;109:
5160-5163)
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Introduction

Therapeutic vaccination with the unique determinants of the
variable regions of the clonal tumor immunoglobulin molecule,
termed idiotype (Id), induces humoral and cellular immune
responses and is associated with prolonged progression-free
survival in patients with follicular lymphoma.!-® The production
of Id protein by hybridoma or recombinant DNA technology is
expensive and labor-intensive, however, requiring up to 6
months to manufacture the vaccine for each individual patient.”
We therefore developed a novel vaccine formulation where
membrane proteins were directly extracted from autologous
tumor cells and incorporated into liposomes along with IL-2 to
produce membrane-patched proteoliposomes. Reports in the
literature indicate that the antigen encapsulated in liposomes is
delivered into both the endosomal and cytosolic processing
pathways of antigen presenting cells, thereby generating both
CD4" and CD8' T cell responses.®? IL-2 was chosen as a
vaccine component due to its ability to expand activated T cells.
Furthermore, we have previously demonstrated that IL-2 has a
specific interaction with small unilamellar lipid vesicles leading
to the formation of multilamellar coalescent vesicles used for
vaccines.!? Testing in a mouse lymphoma model showed this
formulation to be at least as potent as the prototype Id protein
vaccine in inducing tumor protection (see accompanying Brief
Report, Popescu MC et al). Here we report the results of our
pilot clinical trial to evaluate the safety, feasibility, and immuno-
genicity of this novel vaccine formulation in patients with Stage
III and IV follicular lymphoma.

Patients and methods

Patients

After obtaining signed informed consent, eleven previously untreated or
treated patients with Stage III or IV follicular lymphoma grade 1 or grade 2
were enrolled in this National Cancer Institute institutional review board-
approved Phase I clinical trial (Table 1). All patients underwent a lymph
node biopsy prior to starting treatment to obtain tissue for vaccine
production. Clinical responses were assessed by physical examination,
computerized tomography (CT) scans, and bilateral bone marrow biopsies
according to the non-Hodgkin lymphoma International Workshop Criteria.!!

Vaccine formulation and administration

Proteins from whole cell membranes were directly extracted from 2 X 10°
lymph node biopsy cells with detergent. The membrane proteins were
incorporated into liposomes along with IL-2 to produce membrane-patched
proteoliposome (Oncoquest-L) vaccine. Each vaccine was formulated on a
per milliliter basis with membrane proteins obtained from approximately
1.6 X 108 biopsy cells, 4 X 109 IU of IL-2, and 80 mg of dimyristoylphos-
phatidylcholine (DMPC), which was used to generate liposomes. Idiotype
and total protein dose were assayed in each vaccine preparation and were
observed to be fairly uniform. The mean idiotype concentration in the
vaccine was 2.37 pg/mL (standard deviation = 1.02 wg/mL). The mean
total protein concentration in the vaccine was 464 pg/mL (standard
deviation = 89 pg/mL). The vaccine was injected subcutaneously at 2
separate sites, either in arms or legs, at a dose of 0.5 mL per site for a total of
5 doses of the vaccine at months 0, 1, 2, 3, and 4. Two patients (UPN 9 and
11) received half the dose of each vaccine subcutaneously and the other half
intratumorally in an enlarged inguinal lymph node. Patients who received
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Table 1. Patient characteristics and clinical outcome
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Prior Time to vaccination Prevaccine Postvaccine Status
UPN Age/Sex Clinical Stage Histology/Grade Chemotherapy/Response* (months)** Status (months)***
1 32/M IVA FL/2 PACE/PR 9 PR SD (22)#
2 56/F IVA FL/2 PACE/PR 10 PR PD (15)
3 33/M IVA FLA PACE/PR 8 PR PD (17)
4 42/M IVA FLA PACE/CR 83 PD## PD (10)
5] 53/M IVA FLA PACE/CR 20 PD## CR (30-+)###
6 53/F IVA FLA PACE/CR 12 PD## PD (12)
7 20/F IVA FL/A PACE/PR 8 PD## PD (3)
8 60/M IVA FLA PACE/CR 15 PD## PD (8)
9 48/M 1A FL/2 None n/a PD## PD (5)
10 44/M A FLA None n/a PD## PD (3)
11 52/M IVA FL/2 None n/a PD## PD (2)

UPN indicates unique patient number; FL, follicular lymphoma; PACE, prednisone, doxorubicin, cyclophosphamide, and etoposide; PR, partial response; SD, stable

disease; PD, progressive disease; CR, complete response.
*Best response to chemotherapy
**Time to vaccination from last chemotherapy
***Months after starting vaccination.
#Lost to follow-up

##The duration of progressive disease varied from 6 to 12 months prior to vaccine administration

###Remains in complete remission 44 months after completion of the vaccination.

prior chemotherapy were immunized at least 6 months after the
completion of the chemotherapy, to allow time for immunological
recovery. Patients 7, 10, and 11 did not complete the 5 vaccinations due
to progression of disease.

Immunological assays

Cytokine induction, interferon-y (IFN-vy) enzyme-linked immunospot
(ELISPOT), and Granzyme B ELISPOT assays were performed in prevac-
cine and postvaccine peripheral blood mononuclear cell (PBMC) samples
in parallel as previously described.>!?!4 Immune responses could not be
assessed in patient 2 due to the unavailability of tumor cells.

A positive response for cytokine induction assay was defined as a
response 2 or more times greater than the negative controls, which included
postvaccine PBMC alone, tumor cells alone, prevaccine PBMC alone and
prevaccine PBMC + tumor cells.® There was no significant production of
cytokines above the detection limit (< 15.6 pg/mL) with tumor cells alone
in all 10 patients that were assessed.

A significant difference in the precursor frequency of tumor-reactive T
cells between the prevaccine and postvaccine samples was determined by
the Student  test for paired mean values.%12-14

Results and discussion

Autologous tumor-specific T-cell responses
were induced by immunization

Postvaccine but not prevaccine PBMCs from 5 out of 10 patients
responded to autologous tumor cells by producing significant
amounts of IFN-y, GM-CSF, and/or TNF-a compared with PBMC
or tumor alone (Figures 1A-C). The PBMC response against the
tumor cells was confirmed with samples from multiple postvaccine
time points from each patient (Figure 1D) and was partially
inhibited by anti-HLA class I and/or class II blocking antibodies,
suggesting that both CD4* and CD8" T-cells were involved in the
anti-tumor immune responses (Figure 1E). The preferential induc-
tion of MHC class I or II immune responses in some patients may
reflect the presence or absence of the respective T-cell epitopes or
the preferential presentation of tumor antigens through the endoso-
mal or cytosolic processing pathways following vaccination.
Tumor-reactive T-cell responses were also confirmed by an
independent IFN-y ELISPOT assay in patients 1, 5, and 6 (Figure
1F). The calculated precursor frequency of tumor-reactive T cells

in these 3 patients was significantly increased in postvaccine
PBMC (range 19-115 IFN-y spots/10°PBMC), compared with
prevaccine PBMC (range 2-7 IFN-y spots/10°PBMC) (P value <
.05 using the Student ¢ test). Interestingly, these T-cell responses
were observed to be specific against autologous tumor cells since
there was no significant reactivity against autologous peripheral
blood normal B cells in all 3 patients tested (Figure 1F). The
specificity of the postvaccine T-cell response was also confirmed
for all 3 cytokines, IFN-y, GM-CSF, and TNF-a by a cytokine
induction assay in these 3 patients (data not shown). Postvaccine
but not prevaccine PBMCs from patients 1 and 6 also produced
significant amounts of Granzyme B in response to autologous
tumor cells (Figure 1G).

Idiotype-specific immune responses were evaluated in 4
patients (patients 4, 5, 8, and 11) in whom tumor-derived
idiotype protein could be produced by hybridoma technology.
Postvaccine PBMC from only one of the 4 patients specifically
recognized autologous tumor-derived idiotype protein by produc-
ing significant amounts of cytokines. (Figure 1H and data not
shown). Anti-idiotypic antibody responses were not detected in
any of these patients.

Clinical outcome

The vaccine was well tolerated, and injection site reactions such as
erythema and induration lasting up to a week were noted in all
patients. There were no grade 3 or 4 adverse events due to the
vaccine. No evidence of autoimmunity was noted either by clinical
or laboratory parameters in any patient. Laboratory parameters
monitored for detection of autoimmunity included antinuclear
antibodies, anti-ds DNA antibodies, peripheral blood B-cell num-
bers, and immunoglobulin levels. Patient 5, who had relapsed from
doxorubicin-containing chemotherapy, achieved a complete remis-
sion 14 months after the completion of the vaccination and remains
in remission 44 months after the completion of vaccination (Figure
1I). Patient 1 remained in stable disease for at least 22 months after
completing vaccination. The remaining 9 patients, most of whom
had large tumor burdens, progressed after a median duration of 8
months (range 2 to 17 months - Table 1).

These results suggest that this novel membrane-proteoliposome
vaccine formulation is safe and could be produced rapidly from
primary, autologous follicular lymphoma samples. Despite the use
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Figure 1. Tumor-specific cellular immune responses were induced following vaccination. Cryopreserved prevaccine and postvaccine PBMCs were cultured in either
medium alone, or with sCD40Lt activated autologous tumor cells in the presence or absence of HLA class | and class Il blocking antibodies or their respective isotype control
antibodies or sCD40Lt activated autologous normal B cells or autologous or irrelevant idiotype protein and cytokine production was detected by ELISA or ELISPOT as
previously described.®.12-14 Cytokine production in the supernatants for IFN-y (A, D), GM-CSF (B, D), and TNF-« (C) was measured by ELISA. (D) Representative data on the
cytokine production in response to autologous tumor cells from PBMC samples obtained at various time points in patient 3. (E) Tumor-reactive immune responses in
postvaccine PBMC were associated with both HLA class | and class Il molecules. IFN-y production is shown for patients 1, 3, 5, and 6, and TNF-a production is shown for
patient 9. (F) Significantly increased numbers of IFN-y spots were detected by ELISPOT in response to autologous tumor cells but not in response to autologous normal B cells
in 3 patients (P < .05). (G) Significantly increased numbers of Granzyme B spots were detected by ELISPOT in response to autologous tumor cells in postvaccine but not
prevaccine PBMC samples (P < .05). (H) Postvaccine but not prevaccine PBMC from patient 5 produced significant amounts of cytokines in response to autologous idiotype
protein compared with control isotype-matched irrelevant idiotype protein. (I) Induction of complete remission following vaccination. Vaccination time points are indicated by
arrows. The sum of the product of the perpendicular diameters of 4 separate lymph nodes measured on CT scans is represented on the y-axis. PR - partial response; CRu -

complete response, unconfirmed; CR - complete response.

of total membrane proteins as antigenic material in the vaccine
formulation, we did not observe any clinical or laboratory evidence
of autoimmunity in any patient on this trial. The absence of
reactivity against normal B cells (Figure 1F) suggests that the T-cell
responses may have been directed against tumor-associated anti-
gens that were uniquely expressed in the lymphoma cells such as
the idiotype (Figure 1H). However, it is also possible that antitumor
immune responses may have been induced against tumor antigens
other than idiotype with this vaccine formulation. The complete
response observed in patient 5 and the prolonged stabilization of
disease observed in patient 1 are unlikely due to IL-2, due to the
fact that both these patients had evidence of induction of a strong
anti-tumor T-cell response following vaccination (Figures 1A-C,
F), and continued regression of the tumors in patient 5 was
observed several months after completion of the vaccination
(Figure 1I), suggesting the induction of a sustained anti-tumor
T-cell response. These results suggest that additional testing of this
formulation may be warranted, particularly in the setting of low
tumor burden or minimal residual disease.

Although this novel vaccine formulation requires the generation
of a custom-made product for each patient, it offers several
advantages over patient-specific idiotype vaccines. First, this
formulation can be produced rapidly within a single day, in contrast
to the 2 to 6 months required to manufacture idiotype vaccine for
each patient.” Second, in addition to the membrane idiotype
protein, this vaccine formulation may induce immune responses

against other unrecognized tumor-associated antigens. Finally, this
novel formulation may serve as a model for vaccine development
against other human malignancies including certain leukemias,
lymphomas, and solid tumors where tumor-associated antigens
have not been defined.
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