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Clinical Study

Heterophilic NeuGcGM3 ganglioside cancer vaccine in advanced

melanoma patients
Results of a Phase Ib/lla study
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NeuGcGM3 ganglioside is especially attractive because it is
expressed on melanoma cells but it is minimally or not expressed
at all on most normal human tissues.

A Phase Ib/Ila clinical trial was carried out in patients with
advanced cutaneous and ocular malignant melanomas, to evaluate
immunogenicity and toxicity of an intramuscularly administered
cancer vaccine and composed by NeuGcGM3 in a proteoliposome
of Neisseria meningitides with Montanide ISA 51 as adjuvant.

Twenty two patients were included, twelve at dose level of 200
Ug and 10 at 400 pg. The first five doses were administered every
other week and then monthly until 9 doses. 12 patients received
additional immunizations.

Vaccination induced specific anti-NeuGecGM3 IgM, IgG and
IgA antibodies responses. Titers of IgM were greater for the highest
vaccine doses. Vaccination also elicited DTH response in 45.5%
of patients in the lower doses and 77.8% in the higher doses.
Toxicities were mostly grade 1 or 2, according CTC-NCI criteria.
Interestingly, 3 patients developed vitiligo at the lower dose (none
in the highest dose) although the nominal antigen NeuGcGM3 is
not present in melanocytes. Survival analysis was not the goal of
this Phase I trial; nevertheless, the fact that seven patients are alive
for more than 2 years after inclusion is noteworthy.

Safety and immunogenicity with NeuGcGM3 vaccine treatment
in advanced melanoma patients were established. The prognostic
value of autoimmunity and the possibilities of dissociating anti-
tumor immunity from autoimmunity deserve further research.
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Introduction

Melanoma continues to be “the big trouble” for both, patients and
oncologists. Advances in prevention, early diagnosis and treatment
have not change the actual situation characterized as “epidemic”
worldwide.!

Decades ago, considerable efforts had been directed to the char-
acterization of antigens and increase knowledge of the biology and
immunological processes of the disease, but in spite of the extent of
the available literature about immunology and immunotherapeutics,
all of this has not been properly translated in clinical benefit for
melanoma patients.” Many immunological approaches have been
attempted, knowing that the absence of effective treatment after
surgery is a major reality.> Adjuvant high dose interferon, considered
as standard treatment in most countries did not change consistently
prognosis and survival, and its high toxicity have led patients to
refuse it categorically.* Another therapy trend is Biochemotherapy,
that combines cytotoxic drugs to one or several biological response
modifiers as Interleukin-2 (IL-2) and Alpha interferon (IFNa), but
its true relevance is still controversial; large randomized and well
designed trials are needed before any conclusion can be drawn.’

Active immunotherapy with vaccine formulations that involve
host activation of innate immune system is actually an interesting
field to consider in melanoma, taking into account treatment
feasibility and tolerability.® Changes in the pattern of carbohydrate
expression are described in association with malignant transforma-
tion in many types of cancer.” According to this, overexpression of
certain gangliosides in some tumors like Melanoma might be an
attractive therapeutic target for active immunotherapy by vaccines or
by monoclonal antibodies as passive immunotherapy.

The presence of the N-glycolylated variants of gangliosides in
tumor cells has been considered a controversial subject for a long
time. Nevertheless, four interesting observations are available related
to this type of ganglioside in melanoma:

* Patients with detectable anti-NeuGcGM3 antibodies prior to
treatment with melanoma cell lysates and vaccinia virus showed

increased time to progression rates.’
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¢ Increased 5 year survival rates were observed!® in melanoma
patients with anti- NeuGcGM3 present at diagnosis.

Table 1 Patient characteristics

* Hanganutziu Deicher (HD) Glycoprotein in samples of mela- Dose level Dose level
noma tumors.!! 0.2 mg 0.4 mg
* A highly specific murine anti-NeuGcGM3; showed an intense  Eligible patients 12 10
reaction with melanoma cells in primary tumors.!? Evaluable patients 10 8
NGcGM3 (NeuGeo2,3GalB1,4Glc-Cer) ganglioside is a sialic Gender
acid- containing glycosphingolipid with the neuraminic acid 4 7
NeuGe. In general, this residue (NeuGc) is not expressed in human Male N 3
and chicken normal tissues, but it is widely present in the plasma _
membrane of other vertebrates.!® The signifi f thi lio- Age (median - range) 45(24-62)  56.7(34-74)
. gnificance of this ganglio
side for tumor cells biology was not clear, but recently, de Leon et P.erformu.m:e status (PS) 0-1 (WHO) 12 10
al., reported for the first time, the capacity of this ganglioside to St of primary fumor
down-modulate CD4 expression in murine and human T lympho- Head and neck 2 2
cytes, especially in non-activated T cells.'¥ Nevertheless, in spite of ~ Trunk 4 2
the tumor immunosuppression induced by this ganglioside, Carr  Ocular 4
et al., previously described the immunogenic and toxicity profile  Arms - legs 4 2
of the heterophilic NeuGcGM3 ganglioside vaccine in patients  Unknown 2
with advanced breast cancer.!® This vaccine is formulated by the  petastatic site
combi.nati.on of t.he .g.angliosides with the outer membran.e Protein gt + node + subcutaneous fissue 6 v
of Neisseria meningitides, to form very small size proteoliposomes L ki .
16 . ek ung + skin + nodes + subcutaneous tissue 3 1
(VSSP).'¢ This technology allows for an active immunotherapy
. .. . . Visceral + bone 3 2
that involves activation of the potent innate natural immune .
. . . . . Total resection of metastases 0 2
system, a possible way to improve immunological and therapeutical
results. 17 Prior treatment
We performed a Phase Ib/Ila study with 22 advanced melanoma ~ SUrgery 8 4
patients with this molecular ganglioside vaccine, NeuGcGM3/VSSP/ ~ Surgery + immunostimulants 2 3
Montanide ISA 51 in order to evaluate safety, immunological and ~ Surgery + inferferon 1 1
any evidence of anti-tumoral response. NeuGcGM3 expression was ~ Surgery + radiotherapy + chemotherapy 1 2
confirmed in primary tumors and loco regional metastases in these  Disease status
patients. An important outcome (skin depigmentation and/or viti-  Sigble disease 1 3
ligo) were observed in the first dose level during the immunization.  progressive disease 1 7
Adc.litiogally, an.ti-NeuAcGl\./B and ant.i-N'euAcGMZ ganglios.ides Treatment doses
antibodies were induced during the vaccination. These events might <5 doses 5 5
characterize the presence of antigen spreading or immunerestora- Botween 5 and 9 doses 3 3
tion after stimulating the immune system by NeuGcGM3/VSSP/ od . 5
>9 doses

Montanide ISA 51 immunization.

Results

Patient population. Twenty two patients
were included in the study; Twelve in the 0.2 g
mg level and 10 in the 0.4 mg dose level. All |- 't.; " p
of them provided written informed consent. (
Demographic characteristics, previous therapies, b e ;
site of metastases and total vaccination doses are | . 1,

shown in Table 1. -

3 £

. . o .t - T -
Eighteen patients were assessable for the . - Nl
- ¥ il
purposes of the study and four were not because | « 1 =+ = | Lol
. . . -| o, . b B4
they did not complete the induction phase of \ s v+
¥ 2 P e

& -~
el =

5

the treatment due to quick progressive disease.

Most patients in both levels had tumor
burden and were in progressive disease status.

Expression of NeuGcGM3 in primary mela-
noma tumor, metastases and normal skin.
Normal skin from both healthy individuals and the adjacent region
of the subcutaneous melanoma evidenced no reactivity with 14F7  melanomas were the exception so they exhibited moderate to intense
MAb (Fig. 1A), while primary tumors showed intense membrane heterogeneous reactivity. Five subcutaneous metastases presented

Figure 1. (A) Normal skin showing no reaction with 14F7 Mab 10x. (B) Subcutaneous metastases
of a melanoma H/E 6.3x, cytoplasm and membrane of metastatic cells are intensively stained by
14F7 Mab.

and cytoplasmic immunostaining. On the other hand, uveal primary

www.landesbioscience.com
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Table 2 Adverse events

Type of events

Pain in the injection site 10(50) 0
Local inflamatory changes (Erythema, Induration) -
Fever 3(26) 5(5)
Myalgia 2(3) -
Chills 3(4) 2(4)
Asthenia 2(7)

Anorexia 3(3)

Nausea and vomiting 1(1)

Increase of Liver Enzymes -

Increase of Bilirubin 1)

Leukopenia -

Headache 1)

Abdominal pain (1)

Vitiligo and skin depigmentation 2 1

Disgeusia

Dose level 0.2 mg (n:12)
Grade patients (No. of events)

Dose level 0.4 mg (n:10)
Grade patients (No. of events)

Total | I 1] Total
10 7(44) 2(11) : 9
: 3(6) 2011 16) 6
8 2(42) 6(13) : 8
2 2(10) 2(6) 3(7) 7
5 5(14) 5(1) : 10
2 3(7) 1(5) 13) 5
3 3(4) . . 3
6(15) 112) 112) 8
1(5) 11) 2
1 2(2) i 2
101) : 1
6(10) 112) 7
112) 1
3 - - -
103) i 1

intense membrane and cytoplasmic immunostaining (Fig. 1B)
except for a case showing moderate to intense reaction. The 14F7
MAD intensely stained cells of metastatic lymph nodes in eleven
out of twelve cases studied. NeuGcGM3 expression was observed in
primary melanoma tumor and metastatic melanoma cells but not in
normal skin.

Safety. All patients developed vaccine-related adverse events grade
I-II. Toxicity profile is described in Table 2.

The main adverse events observed were of three types: the local
adverse events consisted of: pain, induration and erythema: systemic
adverse events as flu-like symptoms consisted of: (fever, myalgia,
chills, headache and skin changes: like halo depigmentation and
vitiligo.

The toxicity profile was wider in 0.4 mg dose level. Constitutional
symptoms and local reactions were more frequent and intense,
especially asthenia and myalgia but were successfully controlled
with Acetaminophen 500 mg (po) and Difenhidramine (20 mg,
IM). Local skin reactions were common and intense at this dose
level.

Only 6 patients experienced adverse events classified as grade III.
All were successfully controlled without patient’s damage.

As this trial allowed additional reimmunizations for patients
having good performance status independently of clinical response,
12 patients were reimmunized with more than 9 doses, and 6 of
them received further doses up to 15 to 26 vaccinations (patients 2,
3,5, 8, 18 and 22.) There was no evidence of cumulative toxicity.
Despite continuous immunizations for 2 years, all these patients
tolerated vaccinations very well.

Immunological response. Serological response. Pre and post-
immune antibody titers against NeuGcGM3 ganglioside of all 18
assesable patients were evaluated (Fig. 2). Either IgM or IgG anti-
bodies (titers 1:80 to 1:320) were present in 7/18 sera before vaccine
administration. In adittion, anti- NeuGcGM3 IgA pre-immune titer
was detected in a single patient vaccinated with 0.2 mg. Althoug the
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presence of the three Igs isotypes was tested before the immuniza-
tion, it was observed just in patient no.1 (1/160 titer). The results
of the three classes of antibodies in sera from 14/18 patients after
the vaccination are shown. Anti-NeuGcGM3 IgM (Fig.2A) and
IgG (Fig. 2B) antibodies responses were induced in all of vaccinated
patients with 0.2 mg dose, and in 67% of them, the antibody titers
were greater than1:1280 (maximum titer range, 1:1280 to 1:5120)
whereas only a third of these patients developed maximum IgA titers
above 1:1280 (Fig. 2C).

Nine patients who received doses of 0.4 mg generated anti-
NeuGcGM3 IgM (Fig. 2A) and IgG (Fig. 2B) antibodies responses.
High IgM titers and IgG-specific antibodies were also induced
in 78% of the second dose level of assesable patients with more
than 1:2560 titers (maximum titer range, 1:2560 to 1:20 480).
Additionally, IgA specific antibodies (titer greater 1: 1280) were
detected in 33% of these patients (Fig. 2C).

No statistical differences were found in anti-NeuGeGM3 ganglio-
side antibodies titers among dose levels for the maximum value of
IgG (p = 0.401) and IgA (p = 0.462), but it was observed in IgM
values (p = 0.044) while analyzing IgM, IgG and IgA class during the
immunization period.

The IgM absorbance value (405 nm) against NeuAcGM3 and
NeuAcGM2 was lower in the first level of dose (Fig. 3A and B).
However, high standard deviations in both groups were observed and
statistical differences (p < 0.05) were established only in week 4 for
NeuAcGM3 and week 8 for NeuAcGM2. The onset of IgM maximal
titers response to NeuAcGM3 began early in comparison with those
against NeuAcGM2.

Cellular response. Induction of cellular response by NGcGM3/
VSSP/Montanide ISA 51 was evaluated by DTH response and tested
with NGcGM3/VSSP. Seventeen of the 18 patients had no DTH
response prior to treatment. DTH responses were observed in 45.5%
of patients (5/11) at the lower dose level, and in 77.8% of patients
(719) at the higher one (Table 3). Interestingly, one patient with

2008; Vol. 7 Issue 4
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bulky lung metastases showed a long period of disease
stabilization (22 months) with positive DTH reaction
on days 168 and 336 of 10 mm of induration.

Clinical response and vitiligo development.
Despite the advanced stage of the disease at inclusion,
7 patients (out of 22) who received more than 15 doses
of the vaccine, survived more than 2 years with PS: 1.
Two of these patients had lymph nodes and subcuta-
neous metastases removed prior to inclusion, (Patient
11 and 16).These patients are still alive after 64 and 55
months respectively.

One patient had partial response for bulky lung
metastases (patient 22) lasting 12 months and five
patients had stable disease lasting between 6 to 34
months (Patients 2, 3, 14, 15 and 18). Three patients
with stable disease had visceral metastases in lung and
bone and countless skin and subcutaneous metastases
in both legs. Although it was not the main objective
of this study, these results are worthy of consideration.
Interestingly, 3 patients in the first dose level (0.2 mg)
showed evidences of autoimmunity as skin depig-
mentation (vitiligo-like halo) in areas of mixed tumor
response (patients 1, 5 and 22) and during immuniza-
tions; two developed generalized vitiligo (patients 5
and 22). Patient 22 showed vitiligo in the face area
(Fig. 4A), and also developed halo depigmentation
around previous melanoma scar and vitiligo-like halo
in melanoma lesions (Fig. 4B).

Discussion
After our finding that N-Glycolyl-GM3 ganglio-

side is a tumor-specific antigen in human tumors,
as breast cancer and melanoma,!? our staff has been
evaluating N-glycolylated ganglioside based vaccine in
clinical trials with advanced breast cancer patients.!®
In the present study we demonstrated the NeuGecGM3
ganglioside expression in subcutaneous and lymph
nodes metastasis of melanoma tumors. Gangliosides
have been reported in plasma membrane essentially,®
but some studies have shown the presence of ganglio-
sides as GD3 in the cytoplasm of the mature neuronal
cells.?> NeuGcGM3 ganglioside in human tumor
cells has been associated with two different cytoplasm
mechanisms: (i) dietary origin26 and (ii) endogenous
metabolic origin, starting from glycolyl-CoA as precur-
sor.!3 The expression of NeuGcGM3 ganglioside in
melanoma tumor strengthens the position of this
molecule as an immunological target. Knowing the
immunogenic nature of this disease, active specific
immunotherapy with NeuGcGM3/VSSP/Montanide
ISA 51 vaccine results in a field to explore in this set
of patients.

have demonstrated humoral

Several studies

responses after immunization with melanoma associated gangliosides.
Association of humoral response with improved survival in patients
with resected stage IIb an III disease suggests possible benefits but it

might be an indicator of more relevant mechanisms.®

www.landesbioscience.com
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Figure 2. Mean values = standard deviation of anti NeuGcGM3 IgG (A), IgM (B) and IgA
(C) titers during the immunization schedule were plotted. These values are significantly
higher than the pre-vaccine values in all evaluated patients, (n = 18) (p < 0.05) by Wilcoxon
test, but no statistical significance was observed between both dose levels. ELISA titers 1:80

and above are considered positive.
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According to its physicochemical properties the NeuGcGM3/
VSSP vaccine formulation is a nanoparticle proteosome. However,
Lowell et al.?” described a particle with similar size but associated
with antigens (peptides) and without adjuvants. The gangliosides
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IgM against GM3 and GM2 gangliosides
First level of dose (0.2 mg)

=
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16 24
& GM3 36 24 207 69 0
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3
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Second level of dose (0.4 mg)
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w
< 200 - z I 1
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A—GM2 95 283 216 734 430 515

Weeks

Figure 3. Mean values + standard deviation from the absorbance to 405 nm
of IgM anti NeuAcGM3 and NeuAcGM2 ganglioside antibodies at the lower
(0.2 mg) (A) and higher (0.4 mg) vaccine doses (B). Differences in absor-
bance value among two groups were analyzed by Mann-Whitney U-est.

are less immunogenic than peptides. For this reason we incorpo-
rated oil adjuvants in our vaccine. Despite of the known tolerability
of NeuGecGM3 and NeuAcGM3 in mice, our preclinical studies
demonstrated that it was generated IgG and IgM isotype anti-
ganglioside antibodies when they were injected with Montanide
ISA 51 or Complete Freunds Adjuvant (CFA) as adjuvants by
intramuscular route.'® Additionally, when our vaccine formulation
with NeuAcGM3 or NeuGcGM3 were administered without oil
adjuvants intramuscularly did not induce immunogenic nor anti-
tumoral response in mice.?® In the other hand, the proteoliposome
of Neisseria with GD3 ganglioside (the most immunogenic in mice)
used by Livingston,?? induced only lower IgM titers against GD3
molecule.

In this phase Ib/Ila study, we showed that immunization of meta-
static melanoma patients with NeuGcGM3/VSSP/Montanide ISA
51 vaccine is safe and feasible. All patients in both dose levels experi-
enced adverse events, but the 0.2 mg dose level was better tolerated.
Local adverse events were most probably related to the adjuvant
used and the amount of adipose tissue at the injection site, as these
types of events have been reported for other vaccines adjuvated
with Montanide ISA 51.3° Tissue hardening and swelling at the
immunization site had been previously observed in the preclinical
studies in rats and monkeys with NAcGM3/VSSP/Montanide

492 Cancer Biology & Therapy

Table 3 DTH value (mm) against NeuGcGM3/VSSP
(50 ng) intradermally administered in melanoma
patients from booth doses level

Patients Day 0 Day 56 Day 168
0.2 mg

1 0 mm 11 mm

2 5 mm 0 mm 8 mm
3 0 mm 0 mm 0 mm
4 0 mm 9 mm 8 mm
5 0 mm 6 mm

6 0 mm 0 mm 0 mm
7 0 mm

8 0 mm 0 mm 0 mm
9 0 mm 0 mm

10 0 mm

11 0 mm 15 mm

14 2 mm 3 mm 5 mm
0.4 mg

12 O mm 5 mm

13 0 mm

15 0 mm 0 mm 6 mm
16 0 mm 5 mm 8 mm
17 0 mm 0 mm 8 mm
18 0 mm 20 mm 5 mm
19 O mm 10 mm

20 0 mm

21 0 mm 6 mm FF

Figure 4. Vitiligo in patient 22. (A) Vitiligo in the face area and (B) Halo
depigmentation around previous melanoma scar and vitiligo like halo in
melanoma lesion.

ISA 51 as vaccine or with the emulsion of Montanide ISA 51 as
control.31:32 However, it is difficult to clarify in this small clinical
trial if the skin toxicity observed is only related with the oil adjuvant,
or was increased with the NeuGcGM3/VSSP vaccine.

The NeuGcGM3/VSSP/Montanide ISA 51 vaccine was immu-
nogenic, inducing both, humoral (IgG, IgM, IgA specific antibodies)
and cellular responses. Antibody titers were lower than those
obtained in breast cancer patients stage III, but very similar to those

2008; Vol. 7 Issue 4
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in breast cancer patients stage IV.!> No relationship was observed
between immunological response (serological and DTH) and the
clinical outcome. The onset of DTH occurs on week 8, and at this
time an increase of titers becomes evident. However, Portoukalian
et al.,’3 observed, in advanced melanoma patients vaccinated with
total ganglioside fractions, a significantly longer disease free intervals
in those with antibody responses after the treatment as compared
with the non responding group. Only two of 21 patients included
in our trial were characterized as disease free of advanced melanoma
althougt that tumor burden is often difficult to estimate. The rele-
vance of tumor burden in the immune response after vaccination has
been described by several authors.3*

One of our most important results was the measurement of
IgM response against NeuGeGM3, NeuAcGM3 and NeuGeGM3
gangliosides during the immunization period with NeuGecGM3/
VSSP/Montanide ISA 51 vaccine. The anti-ganglioside IgM response
significance has been reported previously by Ravindranath.3> This
author stated that therapy that actively augments serum levels of IgM
against tumor-derived immunosuppressive gangliosides might restore
immunocompetence and thereby slow tumor progression.

The maximal IgM and IgG antibody titers against NeuGcGM3
appears relatively late between 4—-6 months. However, Portoukalian
et al.3% obtained an increase of antibody titers against melanoma
ganglioside between 2—4 months mostly of the IgG isotype. In this
clinical trial the evaluation period was only up to 8 months. IgG
response against NeuGcGM3 decreased after six months, but IgM
titers remained stable during the trial. About IgA anti-NeuGcGM3
ganglioside antibodies response, no correlation was observed with
the clinical outcome. Further studies are needed to confirm this
parameter. Although high level of total IgA is related to clinical
improvement in uveal melanoma.3¢

An interesting observation was the appearance of vitiligo and
depigmentation events, reported here for the first time for a
NeuGcGM3 vaccine. In a previous clinical trial with this vaccine in
advanced breast cancer patients, no vitiligo events were observed.!?

We did not find a direct association of vitiligo, the presence of
anti-NeuGcGM3 ganglioside antibodies and the clinical outcome,
but its relation with the vaccination process was evident, since it
appeared after the administration of the first 5 vaccine doses and
continued increasing after interrupting immunizations. In our case,
it should be noticed that vitiligo was induced despite the fact that
the vaccine formulation does not contain melanocyte antigens.
Spontaneous vitiligo occur in less than 0.1% of stage IV melanoma
patients (de Gast GC, unpublished observation), the observed inci-
dence of vitiligo in three (25%) of 12 patients in lower dose vaccine
group can be considered as a vaccination effect. Our results showed
a higher frequency of vitiligo than data published by Luiten et al.?”
who reported 14% of vitiligo with the vaccination with autologous
GM-CSF transduced tumor cells in metastatic melanoma patients.

NeuGcGM3 is not present in normal human cells and ganglio-
sides do not participate in the melanin synthesis pathway. We
confirm here that NeuGcGM3 ganglioside expression is not present
in human normal skin. With the results of this study is difficult to
establish if vitiligo is related with an antigen spreading fenomenon
or the immunorestoration associated with the NeuGeGM3/VSSP/
Montanide ISA 51 vaccination. However, this is the first report of
vitiligo connected with a molecular ganglioside vaccine immuniza-

www.landesbioscience.com
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tions. Some authors have reported induction of vitiligo in other
trials. This fact has been interpreted as a predictor of better clinical
outcome in melanoma patients.>® There are reports of vitiligo related
with better survival in melanoma patients treated with biotherapies
like interferon alfa -2b% or IL-2+ GM-CSE#? Rosenberg has previ-
ously reported vitiligo during treatment of melanoma patients with
11-2, but it was not observed in metastatic renal cell carcinoma?!
nor events of this type were reported by Kirkwood and colleagues
with the GM2-KLH-QS21 (GMK) vaccine.#2 Vitiligo has also been
observed in a clinical trial with an autologous GM-GSF transduced
tumor cell vaccine. These melanoma vaccines do contain antigens
present in melanocytes.

Although the mechanisms of vitiligo in humans after immuno-
therapy have never been clearly defined*34¢ these lesions can be
attributed to melanocyte—specific CD8+ cells which causes loss of
cutaneous melanocytes.” The activation and increased presentation
of other differentiation antigens present in melanocytes (not in the
vaccine formulation) elicit anti-melanocyte CD8+ T cells responses
or specific antibody responses against them. However, the role of
infiltrating T cells in the destruction of melanocytes has never been
further evaluated. Several studies suggest that it could be related
with melanoma associated depigmentation occurs spontaneously
or followed by vaccination strategies.*® Using reverse transcriptase
polymerase chain reaction, identical clonally expanded cytotoxic T
cell lymphocytes were detected in regressing melanoma and vitiligo-
like halo surrounding the tumor. The specific pathway of destruction
of melanocytes is not known. Apoptosis by Melan A/Mart-1 specific
CD8+ T cells is a suggested hypothesis.*

Antigen spreading phenomena have been described in other cancer
vaccine trials and have been claimed as a predictor of successful anti-
tumor response.“®>% Association between autoimmune phenomena
and prolonged survival has been shown in recent trials of melanoma
treatment.’” In these studies, the autoimmunity events appeared to
be linked to anti-tumor responses.However, these observations have
not been validated in prospective studies.** The prognostic value of
this fact and the possibilities to dissociate anti-tumor immunity from
autoimmunity with this vaccine deserves further research.

Survival analysis was not the goal of the present trial; however,
several of our patients survived more than 1 year (9/22) and even
more than 2 years (7/22) which is an uncommon observation for
advanced melanoma patients.

The results obtained for the dose levels seems to unquestionably
favor this dose due to the following reasons:

* The 0.2 mg dose offers a safer toxicity profile.

* Observation of some evidence of anti-tumor response, longer
periods of both disease stability and survival rates than those reported
in the literature for this type of patients.

* Presence of vitiligo as autoimmune reaction in some patients.

Our results presented here support the safety and immunoge-
nicity of the vaccine, and are the first clinical connection of vitiligo
to a ganglioside molecular vaccine in melanoma patients. Our data
strengthens the position of gangliosides as targets for immunotherapy
approaches in this disease. At present, the results of a randomized
phase II clinical trial in metastatic breast cancer patients with the
NeuGcGM3/VSSP/Montanide ISA 51 vaccine is under statistical
evaluation. Also, a clinical trial with this vaccine in the adjuvant
setting is under evaluation in melanoma patients.
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Patients and Methods

Patients. Eligible patients in this study consisted of individuals
with advanced cutaneous and ocular melanomas, recruited at the
National Institute of Oncology and Radiobiology (INOR), Havana;
Cuba, with tumor burden or none totally resected metastases, age
between 18 and 70 years, life expectancy >6 months, good perfor-
mance status according to WHO criteria and appropriate marrow,
liver and renal functions by conventional tests. All of the patients
signed informed consent forms prior inclusion and all of them
had no contraindications such as: pregnancy, autoimmune disease,
brain metastases or previous history of encephalopathy, acute and
severe allergic events, or active infections. The study was performed
according with the principles of the Declaration of Helsinki and
after approval by the institutional review board and authorized by
the Cuban National Regulatory Authority for Drug Quality Control
(CECMED). Pregnancy tests were performed before the inclusion of
women in fertile age. Blood samples were collected prior treatment
for serological tests and all patients were included after 4 weeks of any
oncospecific treatment different from surgery. Adverse events were
graded using Common Toxicity Criteria (CTC) 2.0 version'® and
tumor response according RECIST Criteria.!? Staging criteria used
was the AJCC TNM, Melanoma version 2000.20

Immunohistochemical recognition of NeuGcGM3 ganglioside.
Tumor samples (primary tumors, subcutaneous (SC) and lymph
node metastases) and adjacent normal skin from patients bearing
melanoma were taken at surgery. Normal skin samples were obtained
from healthy donors. The study was carried out in archive formalin
fixed and paraffin embedded tissues. Immunostaining was performed
with 14F7 Mab (murine IgG1, highly specific against NeuGcGM3
ganglioside)!? by the avidin-biotin peroxidase method.?! Skin and
melanomas immunoreaction was developed with aminoethylcar-
bazol (AEC).

Vaccine formulation and administration. The vaccine was
obtained through the incorporation of NeuGeGM3 (a specific tumor
ganglioside) into the outer membrane protein complex of Neisseria
meningitides to form very small size proteoliposomes (VSSP).
NeuGcGM3 ganglioside was obtained from horse erythrocytes by a
modification of the Folch method.?? Non carbohydrate or peptide
contaminations were identified in NeuGcGM3 purified ganglioside.
The ganglioside purification was performed by the combination of
modifications of Svenerholm’s?> and Freedman’s®* Methods for this
glycosphingolipid. Vaccine lots were prepared as described by Estevez
et al. in the Good Manufacturing Process (GMP) facilities of the
Center of Molecular Immunology, Havana; Cuba.!®

The vaccine formulation was emulsified with Montanide ISA
51 adjuvant (Seppic, Paris; France) immediately before injection.
Patients were vaccinated intramuscularly (IM) with 5 doses fort-
nightly as induction phase, and then one injection every month as
reimmunization phase up to 9 doses. Additional immunizations were
allowed at the discretion of the physician.

Design of the study. This study was designed as an open-label
trial, evaluating two levels of doses of NeuGecGM3/VSSP/Montanide
ISA 51 (0.2 mg and 0.4 mg) in 2 cohorts of 12 and 10 patients
each. Major objectives were safety, immunogenicity and evidence
of antitumoral response. Patients who did not receive all doses at
the induction period were considered non elegible for immunologic
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and anti-tumoral response. Hematological and Biochemistry tests
were performed every other week during the induction period and
then monthly. Presence of Vitiligo and other skin related lesions
were exhaustively searched in all patients by physical examination
prior inclusion and during therapy. Tumor response was evaluated
by imagenology in months: 0, 4, 8 and 12. Surgery and/or palliative
radiotherapy were allowed in case of progressive disease if necessary.

Immunological procedures and statistics. Blood samples were
analyzed as it was previously described.!> Samples from 18 patients
were also assessed for anti-NeuGcGM3 (NGcGM3) antibody titers
with an ELISA test. Briefly, gangliosides (200 ng/well) in 50 uL of
methanol were dried in 96-well polystyrene plates (Poly Sorp, Nunc,
Denmark) for 90 minutes at 37°C. Then, plates were washed with
phosphate-buffered saline (PBS) pH = 7.4 Tween 20 (0.05% vol/vol).
Serum samples dilutions were incubated overnight at room tempera-
ture; after that, they were washed with PBS containing Tween 20.

Biotin-conjugated goat antihuman immunoglobulins IgM, IgG
or IgA (W, y or o chain specific respectively, Jackson Immunoresearch
laboratories. Inc. Grove, PA.) were incubated for 90 min at room
temperature. The plates were washed again and streptavidin-alkaline
phosphatase conjugate (Jackson Immunoresearch Laboratories) was
used under the same incubation condition. Finally, a solution of
p-nitrophenylphosphate (Sigma Chemical, S.Louis; MO) in 1M
diethanolamine buffer (pH 9.8) was added. After 30 minutes, absor-
bance was measured at 405 nm with an ELISA reader (Organon
Teknika, Salzburg, Austria). IgM antibodies responses against
NeuAcGM3 (GM3) and NeuAcGM2 (GM2) were measured using
only 1:80 dilution under the same ELISA test conditions described
previously.

Delayed type hypersensitivity responses (DTH) were evaluated
with NeuGcGM3/VSSP vaccine (50 Ug) injected intradermally
without Montanide ISA 51. Antigens were injected 3 days before 1%,
5% and 9% doses and at day 336. Dermal induration was measured
48 hours after NeuGcGM3/VSSP injection and considered positive
if the diameter was higher than 5 mm.

Wilcoxon test was used to compare the maximum of antibody
titers. This analysis was performed for the IgM, IgG and IgA anti-
NeuGcGM3 response values to NeuGecGM3 ganglioside vaccine at
dose levels between 0.2 mg and 0.4 mg. Mann-Whitney U test was
used to compare the absorbance value among two groups.
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