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Increased levels of NeuGc-containing gangliosides have been described in human breast cancer. A controlled Phase I
clinical trial was conducted in patients with metastatic breast cancer to evaluate immunogenicity, safety and to identify
evidence of biological activity of a cancer vaccine composed of NeuGcGM3 in a proteoliposome of Neisseria meningitidis
together with Montanide ISA 51 as an adjuvant. After first line chemotherapy, 79 women were randomized 1:1 to receive
the vaccine candidate or best supportive care. All patients achieved at least stable disease to the first line therapy for
the metastatic condition. Treatment consisted of five vaccine doses every 2 weeks and then, monthly re-immunization
to complete 15 doses. Vaccination with the NeuGcGM3-based vaccine was safe and the most frequent adverse events
consisted of injection site reactions, fever, arthralgia and chills. The vaccine was immunogenic and a sustained increase
of both IgG and IgM antibody titers against NGcGM3 was observed after the second vaccination month. Antibodies
were able to recognize the NeuGcGM3* murine tumor cell line L1210 and the myeloma cell line P3X63. Humoral response
was specific since vaccination did not result in Neu-Acetyl GM3 or GM2-antibody response. Hyperimmune sera from
vaccinated patients were able to prevent the NeuGcGM3 mediated CD4 down-modulation on T lymphocytes. In the
intent to treat analysis, there was a trend toward a survival advantage for the vaccine group and this effect was significant

for women bearing non-visceral metastasis. Two phase lll clinical studies with this vaccine candidate are ongoing.

Introduction

Breast cancer is one of the leading causes of death from cancer
among women worldwide.! Despite the availability of hormonal,
chemotherapeutic and biologic agents, metastatic breast can-
cer (MBC) remains essentially incurable, with less than 5% of
patients being disease free beyond 5 years.? Therefore, the search
for new therapeutic options to prolong survival constitutes the
main goal of breast cancer research.

Gangliosides are membrane glycoesfingolipids that contain
two variants of sialic acid, the N-acetylated (NeuAc) and the
N-glycolylated (NeuGc) variant. The high expression of this anti-
gen specific molecule has been associated with malignant tumor
progression and immunosuppressive mechanisms.*>¢3° Increased
levels of NeuGe-containing gangliosides have been described
in human breast cancer.**! The presence of large amounts of
these tumor associated carbohydrate antigens on cancer cells, as

compared to normal cells, opens the possibilities to use them in
immunotherapeutic approaches which engage the immune sys-
tem to fight against a tumor.’

Although in humans the N-glycolylated variant of GM3
ganglioside is almost exclusively expressed in tumor tissues,
the significance of this glycolipid for malignant cell biology
remained obscure. In in vitro models, it has demonstrated the
capacity of NeuGcGM3 ganglioside to down-modulate CD4
expression in murine and human T lymphocytes, especially in
non-activated T cells.> The CD4 complete recovery in these
cells occurred after 48 h of ganglioside removal, due to neo-syn-
thesis. Restored T cells kept similar sensitivity to ganglioside-
induced CD4 down-modulation after a new challenge. Recent
results indicated that NeuGeGM3 contribute to cancer progres-
sion mainly by influencing DC and CD4'CD25 T lympheo-
cyte functions, rather than increasing the inhibitory capacity of
naturally occurring regulatory T cells.® The relevance of these
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Table 1. Patient characteristics by group

Characteristic Control group  Vaccine group Total
Age, years
Median 54.97 56.72
Range 28-70 28-80
Stage at diagnosis
| 9 (24.3%) 6 (15.8%) 15 (20%)
] 19 (51.4%) 20 (52.6%) 39 (52%)
I} 5 (13.5%) 8 (21.1%) 13 (17.3%)
IV 4 (10.8%) 4 (10.5%) 8(10.7%)
Dominant metastatic site
Visceral 10 (25%) 13 (33.3%) 23 (29.1%)
Bone + Soft Tissue 28 (70%) 25 (64.1%) 53 (67.1%)
ER/PgR status
ER/PgR positive 3 (7.5%) 7 (17.9%) 10 (12.7%)
ER/PgR negative 2 (5.0%) 3 (7.7%) 5 (6.3%)
Unknown 35 (87.5%) 29 (74.4%) 64 (81.0%)
Prior surgery
38 (95%) 36 (92.3%) 74 (93.7%)
Prior radiotherapy
32 (80%) 29 (74.4%) 61 (77.2%)
Previous chemotherapy (metastatic disease)
CMF 4 (11.4%) 3(8.8%) 7 (10.1%)
AC 15 (42.9%) 19 (55.9%) 34 (49.3%)
Taxane 14 (40%) 11 (32.3%) 25 (36.2%)
Endocrine therapy (tamoxifen)
15 (39.5%) 15 (41.7%) 30 (40.5%)
Response to first line therapy for metastatic disease
CR 5 (13.9%) 8 (20.5%) 13 (17.3%)
PR 5 (13.9%) 3 (7.7%) 8 (10.7%)
SD 26 (72.2%) 28 (71.8%) 54 (72%)
Second line chemotherapy
13 (32.5%) 8 (20.5%) 21 (26.6%)

findings, contributed to the ganglioside validation as target for
cancer immunotherapy

In a previous report from a phase I trial, our vaccine, composed
by NeuGe-containing gangliosides and the outer membrane pro-
tein complex of Neisseria meningitidis to form very small size
proteoliposomes (VSSP)” showed to be immunogenic and safe in
advance breast cancer patients. Twenty one stage III or IV breast
cancer patients received up to 15 doses of the vaccine by intra-
muscular injection. Main toxicities included erythema and indu-
ration at the injection site. All treated patients who completed
the induction phase developed IgG and IgM anti-NeuGcGM3
antibody titers.”

A Phase I/11 clinical trial was also carried out in patients with
advanced cutaneous and ocular malignant melanomas, to evalu-
ate immunogenicity and toxicity of the same vaccine. Twenty-two
patients were included at 2 different dose levels. Toxicities were
mostly grade 1 or 2, according NCI CTC criteria. Interestingly,
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three patients developed vitiligo at the lower dose, although the
nominal antigen NeuGcGM3 was not present in melanocytes.
Safety and immunogenicity with NeuGcGM3 vaccine treatment
in advanced melanoma patients were established.!

In the present paper, we show the result of the first ran-
domized, multicenter, phase II trial in MBC patients. Here we
evaluated the safety and immunogenicity of vaccination with
NeuGcGM3/VSSP/Montanide ISA 51 in MBC women after
finishing first line chemotherapy. Secondary objectives included
the evaluation of the biological role of the antibodies induced
after vaccination as well as the preliminary evidences of survival
benefit. The trial was designed as a proof-of-concept, to better
understand the activity of the vaccine relative to what is currently
available for the purported indication prior to the transition to
randomized late phase clinical trial designed to establish efficacy
and confirm safety.

Results

Patient characteristic. Seventy-nine MBC patients were
recruited in 5 hospitals from August 2002 to August 2006.
Patients were randomized 1:1 to NeuGcGM3/VSSP/Montanide
ISA 51 vaccine or best supportive care. Patients’ demographic
characteristics are shown-in Table 1. Almost all women entered
the study with relapsing disease while 10.7% of patients pre-
sented initially with metastatic disease. All women finished
first-line chemotherapy for the metastatic condition, at least 4
weeks before entering the trial: 68.4% showed disease stabili-
zation, 15.1% had partial response and 16.5% attained com-
plete response to first line therapy. The most common site of
metastasis was non visceral, accounting for 67.1% of all patients.
Both groups were not significantly different as regards the
demographic and tumor characteristics, but noticeably, vis-
ceral metastases were more common in the vaccinated group
(33.3%) than in the control group (25%). A drawback of the
trial is that 81% of the patients had unknown hormonal recep-
tors status; however 40.5% of patients received Tamoxifen. The
lack of information on endocrine receptors is associated with the
time interval between the first diagnose and the relapse and the
availability of the paraffin-embedded blocks from the primary
tumor. Metastatic lesions were not biopsied to evaluate the pres-
ence of endocrine receptors.

The most frequent chemotherapy regimen used as first line
treatment for metastatic disease before randomization was
doxorubicin and cyclophosphamide (49.3%), taxane based
combinations were used in 36.2% of the patients while cyclo-
phophamide-methotrexate-5 Fluoro-uracilo was used in 10.1%
of the women. Only 26.6% of patients received second line che-
motherapy, once they entered the study, due to progressive dis-
ease. In general, both groups were also statistically comparable
regarding first or second line chemotherapy, even though second
line chemotherapy was more frequently administered to patients
randomized to the control group (32.5% vs. 20.5%).

The average vaccine dose per patient was 10. Thirty-seven per-
cent (37.5%) of patients completed 1 year treatment schedule,
consisting of 15 immunizations, in total.
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Safety. The NeuGcGM3/VSSP/Montanide A
ISA 51 vaccine was safe. The most frequent adverse
events related to vaccination were mild to moder-
ate injection site reactions such as pain (68.2%)
and local erythema (12.2%). Two patients devel-
oped skin abscess at the injection site, which
were classified as severe. Other frequent adverse
events consisted on grade 1 or 2 fever (61.5%),
arthralgia (48.71%), chills (43.5%) and headache
(35.89%). There were no differences between the
vaccinated and control arms regarding hemato-
logical and biochemical parameters.

NeuGcGM3-specific  antibody

response
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in patient’s sera after vaccination with
NeuGcGM3/VSSP/Montanide ISA 51 vaccine.
A complete set of serum samples was available for
30 vaccinated patients. Median specific antibody
titters against NGcGM3 showed a significantand
sustained increase of both IgG and IgM immu-
noglobulin subclasses after the second month of
immunization (Fig. 1A and Table 2).

After the induction phase (5 doses of the vac-
cine), median antibody titters ranged between
1:500/and 1:2,000 sera dilution. Ninety percent
(90%) of the evaluated patients (27 out of 30)
showed at least a 2 fold increase in the peak anti-
body titers as compared to baseline for both IgG
and IgM isotypes.

On the other hand, humoral response was
specific against the immunizing antigen, since
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response mainly comprised IgGl and IgG3
antibody subclasses (Fig. 1B), although IgG3
predominated.

The biological role of the anti-NeuGcGM3
antibodies in vaccinated patients was assessed

by FACS using the NeuGcGM3 antigen positive

Figure 1. Characterization of humoral response. (A) Kinetic of NeuGcGM3-specific anti-
body response. Median titers are plotted versus time points for 30 evaluable vaccinated
patients. One month after first vaccination, there were significant differences between
post-treatment IgG (dotted line) or IgM titers (solid line) and pre-tretament response.
(B) IgG response consisted on IgG1 and IgG3 subclasses. Optical Density (OD) at 405 nm
for a serum dilution of 1:80 is plotted over time.

mouse myeloma cell line P3X63. Hyper-immune
sera from 8 patients showed a strong recogni-
tion of P3X63 cells, compared to their baseline serum (data
not shown). Likewise, the NeuGcGM3* mouse tumor cell line,
L1210, was strongly recognized by sera (Fig. 2A—C), showing
a significant correlation with the amount of either IgG or IgM
NeuGcGM3-response (Fig. 2D).

NeuGcGM3-specific antibody response didn’t seem to influ-
ence clinical outcome as analyzed on the 30 evaluable patients
(data not shown). Nevertheless, when analyzed on non-visceral
metastatic patients we saw a marginal benefit for those patients
who reached a maximal NeuGcGM3-specific IgG higher than
1,280 (LogRank, p = 0.058) (data not shown).

Hyper-immune sera interfere with the NeuGcGM3-induced
CD4 down modulation on T cells. The inhibitory effect of
the vaccine-generated anti-NeuGcGM3 antibodies on gan-
glioside induced CD4 down-modulation® was conducted. The
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CD4 expression recovery ratio (R_,,) on T cells was estimated
(see Materials and Methods) (Fig. 3A) and considered as recovery
of CD4 expression when R, 21. In this sense a CD4 expression
recovery on T cells was observed in 9 out of the 12 evaluated
patients (Table 3). Strikingly, once dichotomised by a R__, of
1.5, we observed a survival benefit for those patients whose R,
is higher than the mean value of 1.5 (Fig. 3B) suggesting a func-
tional capacity of anti-NGcGM3 antibodies for immunerestora-
tion in patients-bearing tumors. To confirm this finding, large
amounts of patients should be tested.

Preliminary efficacy analysis. In the intent to treat analysis
(ITT), there was a trend toward a survival benefit for the vac-
cine group, which was not significant at this sample size. This
trend became more marked when patients were analyzed by pri-
mary site of metastasis (visceral vs. non visceral metastases). For
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Table 2. Patient NeuGcGM3-specific IgG and IgM titers over time

Date (1gG/IgM)
Patients
inclusion 0 1 2 3 6 9 12
number
1 0/0 0/0 0/0 2560/640 160/160
2 0/0 0/0 2560/1280 1280/1280 5120/1280 2560/1280
4 0/320 0/160 1280/1280 640/1280
7 320/320 2560/2560 2560/2560
8 0/0 0/1280 640/1280 160/640 160/640 160/1280
9 0/0 0/0 2560/10240 5120/2560 2560/1280 2560/2560
14 0/0 0/0 5120/320 80/10240 320/1280
16 0/0 160/2560 2560/1280 640/640
18 0/0 320/2560 320/1280
19 0/640 0/0 0/0
20 0/0 0/320 0/320 1280/5120 1280/1280
25 0/0 0/0 320/2560 0/1280 320/2560
26 0/0 0/0 320/0 320/320
28 0/0 1280/640
29 160/0 160/640 1280/640 320/1280 1280/1280
31 0/0 0/0 1280/2560
35 0/0 0/0 640/1280
36 0/160 640/1280 1280/2560 320/1280 10240/1280
37 320/0 1280/2560 640/1280
4 160/80 160/640 1280/2560 80/20480
48 0/0 1280/1280 1280/2560
51 80/320 2560/10240 2560/10240 2560/2560
54 0/0 160/1280 40960/20480 163840/10240 10240/1280
57 0/0 640/640 640/1280 640/1280 20480/5120
58 80/0 320/640 320/640 320/640
61 0/0 0/0
63 0/0 0/1280 320/2560
67 0/320 0/160
64 0/0 0/640 160/2560
77 0/320 640/1280

Unfilled spaces correspond to unavailable samples.

patients with non visceral metastases, the median overall survival
was 26.17 months for the vaccinated group and 12.17 months for
the control group (Breslow p value 0.0493).

Discussion

Metastatic breast cancer remains incurable despite the intro-
duction of new therapeutic agents in the last few years. Many
researchers argue that those results reflect the heterogeneity of
this disease which explains its unpredictable clinical behav-
ior.#12131316 The constant search for new and improved treat-
ments with real impact on the overall survival of metastatic breast
cancer patients is guaranteed.'>7

Gangliosides have been involved in multiple cellular processes
such as growth, differentiation and adhesion, and more recently

www.landesbioscience.com
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as regulators of cell death signaling pathways. Some of these mol-
ecules can be considered as tumor-associated antigens, in par-
ticular, N-glycolyl sialic acid-containing gangliosides, which are
promising candidates for cancer-targeted therapy because of their
low expression in normal human tissue.?

Here we present the results of a proof of concept study intended
to evaluate immunogenicity, safety and evidences of biological
activity of a cancer vaccine composed by NeuGcGM3 in a pro-
teoliposome of Neisseria meningitidis together with Montanide
ISA 51 as adjuvant.

The vaccine was very well tolerated. Most common adverse
events consisted on injection site reactions and general symp-
toms. We speculate that injection site reactions and particularly,
abscess formation in two patients can be attributed to the use of
an oily adjuvant such as Montanide ISA 51. This adverse event

739



Figure 2. Sera recognized mouse NeuGc- A 100 100
GM3* tumor cell line, L1210. Cytometric
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Figure 3. Hyperimmune sera prevent NeuGcGM3-induced downmodu-
lation of CD4 molecules on T cells. (A) PBMC from healthy donors were
co-incubated with 100 g of NeuGcGM3 and selected sera diluted
1:500. After 1 hour, cell samples were analyzed for CD4 expression by
flow cytometry. CD4 expression recovery by a representative hyperin-
mune patient’s serum. Filled histogram corresponds to normal CD4 ex-
pression on PBMC. CD4 molecule down-modulation on PBMC induced
by 100 pg of NGcGM3 (black line). CD4 expression after pre-immune
serum incubation (gray line) or post-immune serum treatment (dashed
line). (B) The serum ability for CD4 rescue on NeuGcGM3-treated human
T cells correlates with better overall survival (LogRank, p = 0,0323, 5 vs.

7 patients).

Likewise, these antibodies were able to recognize NeuGcGM3
in its natural microenvironment at the cell membrane, as sug-
gested by the immunoreactivity against the NeuGcGM3* murine
tumor cell line, L1210 and the myeloma cell line P3X63. This
recognition appears to depend on the magnitude of the antibody
response, since there was a direct correlation between the mean
fluorescence intensity of either IgG or IgM attached to L1210
cells and the antibody titers.

Presumably, these polyclonal NeuGcGM3-specifc antibod-
ies are able to mediate either complement (CDC) or antibody-
dependent cytotoxicity (ADCC) since they mostly comprise
IgM isotype and IgGl & IgG3. For another ganglioside-based
vaccine strategy, CDC and ADCC have been ascertained as
one of the mechanism by which vaccine might induce a direct
impact on tumor shrinkage, and, consequently, a clinical ben-
efit.?® Whether for our vaccine this is a plausible mechanism or
not, is partially demonstrated by the cell death induced by sera

www.landesbioscience.com

Table 3. CD4 expression recovery on T cells by sera from vaccinated
cancer patients

Patient Pre-treatment Hyperimmune CD4 recovery
serum (%)® serum (%)® ratio®

36 44 46 1
47 75 95 1:3
24 48 93 1:9
38 49 1:3
4 36 69 1:9
25 40 39 0:9
2 41 62 1:5
18 80 86 1:1
20 27 46 17
8 21 33 1:6
19 17 16 0:9
14 17 16 0:9

Percent of positive CD4 T cells as compared to the CD4 expression of
normal PBMC (results from a single assay are shown). ®°CD4 expression
recovery ratio (R_,,) was estimated by fold increase of CD4 expression
recovery between hyperimmune and pre-treatment serum.

froem breast cancer patients vaccinated with NeuGcGM3/VSSP
plus Montanide ISASI in a previous clinical trial.® Nonetheless,
the molecular pathway that is activated under polyclonal
NeuGcGM3-specific antibodies effect remains unclear.

Although, as analyzed in all 30 evaluable vaccinated patients,
the magnitude of NeuGcGM3-specific antibody response
doesn’t-seem “to be related to a better clinical outcome, when
analyzed in non visceral metastasis-bearing patient subset, maxi-
mal NeuGeGM3-specific IgG response marginally influences
clinical benefit. It’s well documented that non-visceral meta-
static breast cancer patients have a better prognosis.® The fact
that NeuGcGM 3-specific IgG antibody response tends to benefit
vaccinated patients might be related to the cytotoxic properties
of this antibody isotype as compared to IgM isotype. Indeed,
some reports have shown the relevance of ganglioside-specific
antibody response, including that elicited against NeuGcGM3.%7
In twenty NSCLC patients treated with the anti-idiotype 1E10
antibody, that mimics NeuGecGM3, the induction of either
NeuGeGM3-specific IgG or IgM antibody correlate with a bet-
ter overall survival. This highlights the suitable clinical relevance
that the presence of these antibodies might have on patients’ clin-
ical benefit. Nevertheless, a higher number of patients should be
analyzed in order to prove any further relevance of the humoral
response induced by this vaccine in breast cancer patients.

The role of antibodies in the antitumor effect of ganglioside
vaccines has been considered to be predominant, if not exclusive.**
Among the mechanisms of antibody action against circulating
tumor cells and micrometastases, complement-mediated lysis
and antibody-dependent cell-mediated cytotoxicity have been
highlighted.** On the other hand, ganglioside-specific antibodies
role (either induced or passively administered) during the natu-
ral development of cancer has been thoroughly documented.?
Compelling evidences derived from clinical studies have shown
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that the frequency of induction of ganglioside-specific antibodies
correlates with survival.’” This notion was supported by the in
vitro cytotoxic activity of the induced serum antibodies.

The capacity of the tumor cells to shed gangliosides toward
tumor microenviroment and systemic circulation has been
described.?* These tumor-derived molecules impair immune sys-
tem functions and have been considered as immunosuppressor
factors. The acetylated variant of ganglioside (NAcGM3) has a
significant effect over CD4 expression.®® It was published that
NGcGM3 induced a significant and concentration-dependent
CD4 down-modulation on mouse and human T lymphocytes
affecting their functionality.® In addition, recent studies demon-
strated a reduction in proliferative capacity and secretion of anti-
inflammatory cytokines when CD4*CD25 T cells were cultured
in the presence of NGcGM3.7

As breast cancer cells express high quantities of NGcGM3,
T lymphocyte from those patients might be suppressed by the
tumor-derived NeuGcGM3 ganglioside. We hypothesized that
a potent humoral immune response against NeuGcGM3 could
avoid its effect on T lymphocytes. In this report we showed that
sera from vaccinated breast cancer patients were able to prevent
the NeuGcGM3 effect over CD4 expression in vitro. This effect
on the NeuGcGM3-induced CD4 downmodulation could be
translated into “T lymphocytes protection” from tumor-induced
immunosuppression, allowing an effective immune response.

Even though the trial was not designed to establish the vac-
cine efficacy, there was a trend towards survival benefit for all
vaccinated women. This effect was more remarkable for women
bearing non-visceral metastasis, but these results need to be con-
firmed in a larger series. '

Vaccine therapy in the metastatic setting has yet to demonstrate
clinical significance in a phase III testing. Data of clinical activ-
ity have been observed by using other cancer vaccines targeting
HER-2/neu protein, human telomerase reverse transcriptase, car-
cinoembryonic antigen (CEA), and carbohydrate antigens, but so
far, there are no positive results from Phase IIT trials.?* Theratope,
consisting of a synthetic mimic of the tumor-associated O-linked
epitope of MUC-1 (STn-serine), tethered to an immunostimula-
tory protein (KLH) and delivered along with an oil droplet emul-
sion containing monophosphoryl lipid A, showed no improvement
in either time to progression or overall survival in a big phase III
trial in 1,028 women with metastatic breast cancer.?¢

In summary, our vaccine was well tolerated and immuno-
genic. Two controlled, double blinded, Phase III clinical studies
with this vaccine candidate are ongoing in breast cancer patients,
in the adjuvant and the advanced setting. Biomarker studies to
identify the predictive factors of vaccine efficacy as well as new
studies on humoral and cellular response are in progress.

Patients and methods. Eligibility criteria. Female patients
aged 218 years old with a life expectancy of 26 month and a
diagnosis of histological or cytological confirmed MBC (stage IV
or recurrent) were eligible. Only patients showing complete, par-
tial or stable disease after chemotherapy were selected. Random
assignment was performed at least 28 days after completing first-
line chemotherapy for their metastatic disease. Patients were
stratified according to their response to first line therapy.
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Patients were required to have a Performance Status (PS)
<2, according to the World Health Organization (WHO), neu-
trophil count 2 1,000/mm?, platelet count 2100 x 10° cells/L,
haemoglobin =29 g/dl and normal creatinine, bilirubin and trans-
aminase values according to each institutional standards.

Pregnancy or lactation, secondary malignancies, brain metas-
tases, progressive disease, contra-lateral breast metastases as
unique site of recurrence and history of severe allergic reactions
rendered patients ineligible.

The trial was approved by Institutional Review Boards of all
participating institutions and by the State Centre of Drug Quality
Control. All patients signed informed consent before inclusion.

Treatment schedule. Twenty-cight days after finishing first-line
chemotherapy, patients were randomly assigned to enrolment in
the vaccine or control group. Random assignment was performed
centrally through a validated minimisation program for allocat-
ing patients to treatment in clinical trials (MINIM) version 1.5.

Patients in the vaccine group received 200 g of NeuGecGM3/
VSSP/Montanide ISA 51 vaccine every 14 days for the first 5
immunizations and every 28 days afterwards, until disease pro-
gression or a total of 15 doses. Criteria for premature vaccine
discontinuation included voluntary withdrawal, unmanageable
toxicity, worsening of the patient general conditions or irregu-
larities on the treatment-schedule. Vaccinated patients received
supportive care if required. Patients in the control group received
best supportive care alone. At the moment of progressive disease,
patients received second line chemotherapy and immunization
was interrupted in the vaccine arm.

The NeuGeGM3/VSSP/Montanide ISA 51 vaccine was pro-
duced at the Center of Molecular Immunology (Havana, Cuba).
The vaccine is composed by the NGcGM3 ganglioside bound
to the outer membrane vesicles of N. meningitidis in the form of
very small sized proteoliposomes (VSSP). The conjugate is then
mixed with Montanide ISA 51 (Seppic, Paris, France) to form
water in oil emulsion immediately before injection. The vac-
cine was administered intramuscularly. Each vaccine dose con-
tained 200 pg of NeuGcGM3/VSSP. The product was released
by the Quality Control Direction at the Center of Molecular
Immunology according to the manufacturer specifications.

Patient assessment. Patient assessment was performed at base-
line, with each immunization and every 4 weeks during the study
period and included physical exam and complete blood count for
clinical laboratory test. Additionally, chest radiography, comput-
erized tomography (CT) scan and abdominal ultrasound were
done at baseline and every 3 months to assess clinical response.
Bone scintigraphies were performed to evaluate bone metastases
every 6 months.

Toxicity was assessed according to the National Cancer
Institute Common Toxicity Criteria (NCI-CTC; version 3) for
all patients during the study period.

Serum sample collection and evaluation. Patient’s blood was
collected before initiating vaccination and 1, 2, 3, 6, 9, and 12
months after the first vaccination. Ganglioside-specific antibod-
ies were analyzed as previously described.’ Briefly, gangliosides
(200 ng/well) in 50 p.L of methanol were dried in 96-well poly-
styrene plates (PolySorp, Nunc, Denmark) for 90 minutes at
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37°C. Then the plates were washed with phosphate-buffered
saline containing Tween 20 (0.05% vol/vol). Serum samples
dilutions were incubated overnight at room temperature. Plates
were washed with phosphate-buffered saline containing Tween
20 and biotinylated conjugated goat antihuman immunoglob-
ulin M (IgM) or antihuman IgG (Jackson Immunoresearch
Laboratories, Inc., West Grove, PA) was added and incubated
for 1.5 hours at 37°C. After a new wash, streptavidin-alkaline
phosphatase conjugate (Jackson Immunoresearch Laboratories)
was used at the same incubating conditions. The plates were
washed again and p-nitrophenylphosphate (Sigma Chemical
Co., St. Louis, MO) in diethanolamine buffer (pH 9.8) solu-
tion was added. After 30 minutes, absorbance was measured at
405 nm with an ELISA reader (Organon Teknika, Salzburg,
Austria). Absorbance was plotted against sera dilution and end-
point titer was determined at an OD value of 0.1 after methanol
blank OD value was subtracted. Maximal IgG and IgM titer
were calculated.

For the immunofluorescence assay, murine tumor cell lines
(X63 and L1210, ATCC), were incubated at 10° cells/ml with
sera diluted at 1:20 for 30 minutes in ice. After wash steps, cell
samples were incubated with a goat anti-human IgG and/or IgM
conjugated with biotin (Serotec) conjugated to FITC. For positive
controls; the NeuGcGM3-specific monoclonal antibody-14F7
(specific for/ NeuGcGM3) was used. Cells were washed three
times before they were analyzed with a FACScalibur cytometer
(Becton-Dickinson).

Down-modulation assay. CD4 down-modulation assay was
performed as previously described.’ Briefly, sera of healthy
donors and patients diluted at 1:500 were incubated with normal
human peripheral lymphocytes (10° per ml) and NeuGcGM3 at
100 pg/ml. After 1 hour of incubation, cells were washed and
incubated with mouse anti-human CD4 conjugated with FITC
(DakoCytomation) for 30 minutes. Cells were washed 3 times
and median fluorescent intensity (MFI) was analyzed with a
FACScalibur cytometer (Becton-Dickinson). The MFI was
determined after the incubation of lymphocytes with 100 pg/
ml of NeuGcGM3 in the presence of patient or healthy serum at
1:500, respectively. Post-treatment sera correspond to the maxi-
mal immunoglobulin titer. Percentage of CD4 expression was
determined as follow:

%CD4 = (MFI NeuGeGM3  +
(MF I}ma]thyscrum - MF INcanGMB + hca]thyscrum) X 100

Statistical analysis. Safety and efficacy analyses were per-
formed on intention to treat basis. Survival estimations were
performed according to the Kaplan-Meier method and the
log-rank and Breslow estimates. Pearson correlation coefficient
and Fisher exact test were used to compare different variables
between groups. The statistical significance of comparisons in
median titer values between IgG and IgM at each time point
was-determined with the Mann-Whitney test. Pre-treatment and
post-treatment comparisons regarding IgG or IgM ‘were done
with the Wilcoxon Sign test. For the referred analysis, SPSS soft-
ware was used.

MFI

patient  serum healthy  serum
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