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INTRODUCTION
Lung cancer remains the leading cause of death among cancer patients both in Argentina and worldwide (*). There
are 1.6 million estimated new cases each year worldwide, with an estimated 1.3 million deaths annually.
In the United States the overall survival rate at 5 years during the period 1995-2001 for lung cancer patients was
15.7%. This rate was even lower in patients whose disease had spread (**).
During the period 2002-2008 the overall survival rate at 5 years increased slightly to 15.9%. (***)
Approximately 85% of diagnosed lung cancers belong to the non-small cell type (NSCLC). There are two types of
NSCLC: 1) non-squamous cell carcinoma (including histological subtypes: adenocarcinoma, large cell carcinomas,
and other cell types) and 2) squamous cell carcinoma. (****)
Approximately between 50 and 70% of diagnosed patients present either advanced locoregional disease or distant
metastatic disease. The fact that few therapeutic options are available today has promoted the search for new
agents and new combination therapies, including immunotherapy.
Vaxira® is a new immunotherapeutic agent, also called therapeutic vaccine, whose active ingredient is the antiidiotype monoclonal antibody Racotumomab adsorbed on aluminum hydroxide (alum) gel as adjuvant. This
product has shown significant benefits in the treatment of NSCLC during clinical trials. Its therapeutic effect is
also being studied in breast cancer and melanoma, as well as in some pediatric tumors such as neuroblastoma,
retinoblastoma, Ewing´s sarcoma and Wilms´ tumor.
This document will describe the product key features and explain the mechanism of action and survival benefits
for patients.
** http://globocan.iarc.fr/factsheet.asp (search date: February 14, 2013).
** http://cancer.gov/cancertopics/pdq/treatment/non-small-cell-lung/healthprofessional (search date: February 14, 2013).
*** http://seer.cancer.gov/statfacts/html/lungb.html#incidence-mortality (search date: March 28, 2013).
**** NCCN Guidelines Version 2.2013. Non Small Cell Lung Cancer.

T H E R A P E U T I C TA R G E T
GANGLIOSIDES. STRUCTURE,
L O C AT I O N A N D F U N C T I O N
Gangliosides are a large family of structurally-related glycolipids. They were originally described as potential targets
for cancer immunotherapy based on their abundance in certain tumor tissues relative to normal tissues.
In particular, gangliosides are glycosphingolipids that contain sialic acid. These molecules are composed of a
ceramide (N-acylsphingosine) chain with hydrophobic properties and a polar moiety consisting of a linear
oligosaccharide of up to four neutral residues, which is linked to one or more sialic acid residues. The most
common configurations for the latter are the N-acetyl neuraminic acid (NeuAc) and the N-glycolyl neuraminic
acid (NeuGc). The only structural difference between these two is an oxygen atom at the C5 position of the
NeuGc, catalyzed by the cytidine monophosphate-N-acetylneuraminic acid hydroxylase (CMAH) (Figure 1). They
are usually found as constituents of different membrane glycoconjugates, such as the GM3.
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Figure 1: Representation of the GM3 ganglioside, where the slight chemical differences between the N-acetyl
(NeuAc) and N-glycolyl (NeuGc) variants are observed.
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Figure 2: Representation of the trisaccharide structure of a NeuGcGM3 ganglioside and its expression in tumor
cells.
Ganglioside synthesis occurs in the endoplasmic reticulum and the Golgi apparatus. The sialyltransferase and
glycosyltransferase enzymes catalyze the transfer of sugar monomers to the ceramide molecule.
It has been recently described that these molecules are involved in the formation of membrane lipid microdomains
(membrane rafts) that play a major role in cellular behavior associated with malignant transformation (Figure 2).
Insertion of gangliosides in the outer lipid layer of vertebrate cells contributes to the generation of a negativelycharged cell surface. These molecules are mostly found as a part of colesterol-rich supramolecular structures called
lipid patches, which are less fluid than the rest of the membrane.

In contrast to most mammals including apes, NeuGc gangliosides are virtually undetectable in normal human
tissues and fluids because human cells lack the CMAH. It is known that the absence of this enzyme is due to a
genetic mutation that occurred more than 2.5 million years ago.1, 2
Nevertheless, NeuGcGM3 gangliosides are highly expressed in some human cancer cells. Though initially suggested
that NeuGcGM3 in human cancer tissues could be expressed through an alternative metabolic pathway, there is
now evidence that the presence of N-glycolylated sialic acid in human cancer cells is the result of metabolic
intake of NeuGc directly from diet. Its preferential incorporation into tumor cells is most likely due to their fast
metabolism (Figure 3).
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Figure 3: Scheme showing normal cells that express NeuAcGM3 and Tumor cells that express NeuGcGM3
incorporated from diet. Adapted from Clin Dev Immunol 2010; 2010: 814397.
The incorporation of NeuGc is thought to occur through pinocytosis, where the vesicles are released into the
cytosol by a transporter3. Hypoxia is thought to induce the expression of sialin (a sialic acid transporter) in tumor
cells, thus promoting the incorporation of sialic acid from the environment.4

GANGLIOSIDE FUNCTIONS
It has been described that gangliosides are involved in a wide variety of biological processes, among which are:
• Cellular communication.
• Regulation of the immune response.
• Regulation of cellular events linked to growth and proliferation.
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These various functions are the likely result of ganglioside differential expression among different cell types and
developmental stages.5

ROLE OF GANGLIOSIDES IN CANCER
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It has been shown that, during oncogenic transformation, both qualitative and quantitative changes in expression of
gangliosides occur. Malignant transformation appears to activate enzymes associated with ganglioside glycosylation,
resulting in altered ganglioside expression patterns in tumor cells.
Ganglioside overexpression has been linked to the regulation of cell growth, immune tolerance (or immune
regulation of tumor microenvironment), metastatic processes and tumor angiogenesis, all of which make
gangliosides a suitable target for cancer therapy .5, 6
The use of anti-idiotypic antibodies as vaccines that stimulate anti-tumor immunity is a promising avenue in cancer
therapy. The main challenge in this development process is to be able to identify the optimal anti-idiotypic antibody
that can function as a surrogate tumor antigen.
Two recent publications7,8 include NeuGcGM3 among the top 50 antigens to be prioritized in the development of
cancer vaccines due to its high immunogenicity and therapeutic function. (Table 1).
Score

Criteria

Subcriteria for NeuGcGM3

Therapeutic function

Adequate data, controlled vaccine trial suggestive.

0.27(0.32)

Immunogenicity

T-cell and antibody responses elicited in clinical trials.

0.17(0.17)

Oncogenicity

Increased expression correlated with survival and advanced diasease, but
oncogenic function need to be clarified.

0.03(0.15)

Specificity

Overexpressed in cancer wiht little or no expression in normal adult tissues.

0.05(0.15)

Expression level and %
positive cells

Highly expressed in most cancer cells in patients designated for treatment.

0.02(0.07)

Stem cell expression

Expression in most cancer cells but without information about putative stem
cells.

0.01(0.05)

N° patients with antigenpositive cancers

High level of expression in many patients with a particular tumor type.

0.04(0.04)

N° antigen epitopes

Short antigenic segment with one or few epitopes.

0.01(0.04)

Cellular location of antigen
expression

Expressed on the cell surface with little or no circulating antigen.

0.02 (0.02)

Cumulative score for NeuGcGM3

(total weight of criteria)

0.62 (1.00)

Table 1: Relevant characteristics for a suitable cancer antigen and NeuGcGM3 relative scores, according to the
antigen prioritization criteria described by Cheever et al.7
Acetylated gangliosides inhibit the EGFR tyrosine kinase. This inhibitory action is weakened in NSCLC tissues
that overexpress the glycolylated antigen NeuGcGM3 (Figure 4), thus creating an environment in which tumor
cells can proliferate.9
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Figure 4: In vitro GM3 (NeuGc) and GM3 (NeuAc)-mediated inhibition of EGFR phosphorylation.
NeuGcGM3 EXPRESSION IN LUNG CANCER
To evaluate expression of NeuGcGM3 in lung cancer, the murine monoclonal antibody 14F7 was used. This
antibody was obtained from mice that were immunized with purified gangliosides. Detection in lung tissue is done
by immunohistochemistry (IHC) with 20 μg/ml of the 14F7 antibody, biotinylated anti-IgG immune serum and
a streptavidin-peroxidase commercial kit that uses diaminobenzidine as a peroxidase substrate. Immunoreactivity
on the sample is evidenced as a brown staining. 5 μm-thick sections from lung carcinomas of different histological
types were obtained from hospital archives.
A panel of different histological types of lung adenocarcinoma samples was analyzed, and reactivity to both
adenocarcinomas and squamous cell carcinomas was found. Most lung samples showed a plasma membranespecific staining with the 14F7 antibody. A diffuse cytoplasmic staining was also found (Figures 5A and 5B). It is
worth noting that squamous carcinoma samples showed a NeuGcGM3-specific staining localized to the plasma
membrane (Figure 5C).
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Figure 5: IHC staining of NSCLC samples using the specific anti-NeuGcGM3 antibody 14F7. A and B: lung
adenocarcinoma, C: squamous cell carcinoma. X400.
Samples of lung metastases from breast and endometrial cancers were also evaluated. An intense reactivity was
observed with the 14F7 antibody (Figures 6A and 6B).

A

B

Figure 6: IHC staining of lung metastases using the specific anti-NeuGcGM3 antibody 14F7. A: metastatic breast
cancer, B: metastatic endometrial cancer. X400.
Ganglioside expression in all these samples was also assessed using the P3 antibody, a murine IgM monoclonal
antibody that recognizes various types of N-glycolylated gangliosides, including the N-glycolyl GM3. Although a
clear staining is observed in all the samples, the specificity of this antibody is lower compared to 14F7 (data not
shown).
In a recent publication in the journal Cancer Science10, a group from Japan confirmed the high expression of
NeuGc gangliosides in NSCLC using the monoclonal antibody GMR8, which is specific for gangliosides with
NeuGC alpha 2,3Gal-terminal structures (Figure 7). This group evaluated samples from 93 patients with NSCLC,
and 93.5% (83) of them showed the presence of NeuGc gangliosides, including NeuGcGM3.
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Figure 7: N-glycolylated ganglioside expression in NSCLC.
A Positive N-glycolylated ganglioside expression with GMR8 staining;
B Negative N-glycolylated ganglioside expression;
C Positive N-glycolylated ganglioside expression with GMR8 staining (different sample from panel A);
D Negative N-glycolylated ganglioside expression with GMR8 staining after removal of lipid components by
incubation with a chloroform:methanol solution (2:1).
These authors demonstrated for the first time that an inverse relationship exists between NeuGcGM3 expression
levels and progression-free survival. Patients with higher expression levels of the ganglioside had lower progressionfree survival than those with lower expression levels (47.5 months vs 57.4 months) (Chart 1). These data show the
critical role that NeuGcGM3 plays in lung tumorigenesis, and therefore underscore the importance of developing
molecules that can block its effect, such as Vaxira®.10
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Chart 1: Progression-free survival over time (in months) after resection of the primary tumor, depending on the
expression levels of tumor gangliosides.
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Different research groups have demonstrated the presence of the glycolylated NeuGcGM3 ganglioside in other
human cancer types such as breast, melanoma and certain pediatric tumors of neuroectodermal origin (Ewing´s
sarcoma, neuroblastoma, Wilms´ tumor, etc.) (Figure 8).11-14
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Figure 8: Ganglioside expression in different types of human cancers.
A: Marquina G et al. Cancer Res. 1996; 56: 5165-71. B: Van Cruijsen H et al. BMC Cancer 2009; 9: 180. C: Scursoni et al. Pediatric and Developmental
Pathology 2012; 13: 18-23. D: Oliva JP et al. Breast Cancer ResTreat 2006; 96: 115-121. E: Alfonso M et al. J Immunol 2002; 168: 2523-9. F: Scursoni
et al. Clin Dev Immunol 2011: 245181. doi: 10.1155.

Specific expression of NeuGc-containing gangliosides in some human cancers such as NSCLC suggests that the
induction of an effective immune response against these tumor antigens may be beneficial for treating these types
of cancer.
It must be noted that, eventhough N-glycolylated gangliosides are an attractive target for tumor-specific therapy,
gangliosides (like all glycolipids) have a low immunogenic potential. In order to induce the immune system
activation against NeuGcGM3, Racotumomab was developed. Racotumomab is an anti-idiotypic antibody whose
structure represents a mirror image of N-glycolyl GM3 (Figure 9).

NeuGcGM3
NeuGcGM3
Tumor cell

Neoantigen
NeuGc Ganglioside

Racotumomab

NeuGcGM3

Figure 9: Representation of a tumor cell expressing monosialogangliosides (NeuGcGM3) and anti-idiotype
antibody Racotumomab.

ANTIBODIES
Antibodies, or immunoglobulins (Ig), are high molecular weight glycoproteins produced by immune cells that have the
ability to recognize and neutralize foreign objects.
An Ig molecule has a globular structure and is formed by two pairs of chains: a pair of heavy chains (60 kDa) and a pair
of light chains (24kDa). Heavy chains are identified by Greek letters according to the class of Ig they belong to: γ for
IgG, μ for IgM, α for IgA, ε for IgE and δ for IgD. Both light chains in a mammalian Ig always belong to the same class,
either κ or λ. Light chains are linked to heavy chains by disulfide bonds, forming a characteristic Y shape (Figure 10).
N-terminal regions of the heavy and light chains are extremely variable, allowing millions of antibodies with different
tip structures to exist. Variable loops in this region (known as complementarity determining regions: CDR1, CDR2,
CDR3) are responsible for binding to the antigen and correspond to the antigenic determinants that characterize each
Ig, or idiotypes.

Light
chains

Hypervariable
region

IgG

Heavy
chains

Fab

Constant
region

Fc

Figure 10: Diagram of the structure of Immunoglobulin G.
The portion of the antigen that is recognized by an antibody is termed epitope. These epitopes bind to its antibody
(specifically to the idiotype in the hypervariable region) with extremely high specificity, which allows antibodies to
identify and bind their unique antigen amid the millions of different molecules that compose an organism.
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ANTI-IDIOTYPIC ANTIBODIES
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These antibodies were originally described in the framework of Jerne´s idiotypic network theory.15
The Danish immunologist Niels Jerne (who in 1984 received the Nobel Prize in Physiology or Medicine together
with Cesar Milstein and Georges JF Kohler) had a particular view on the organization of the immune system and
antigen recognition processes.
Unlike the classical theory of cloning in which the immune system is driven by the antigen, wherein the absence
of external antigenic challenge would passively inactivate the immune system, the network theory describes the
immune system as clones of lymphocytes that are stimulated, and at the same time regulated, by Igs produced by
other clones from the same network.
Assuming that the diversity of idiotypes is generated by random genetic rearrangements, structures which are
complementary to the idiotypes may not only be found in antigens but also in the idiotypes of different antibodies.
In Jerne´s words “After producing specific antibodies against an antigen, the immune system will continue to
produce antibodies against the idiotypes of that first antibody. In turn, this new antibody will expose a new
idiotype, thus creating network of idiotypic interactions. In summary, the immune system is controlled internally
by a network of idiotypes and anti-idiotypes”.
The idiotypic network hypothesis predicts that, due to the diversity of variable regions in Igs and the fact that each
Ig binds to its own antigen as well as other Igs, the foreign antigenic universe is mimicked by idiotypes within the
immune network.
According to this concept, immunization with a given antigen generates the production of antibodies, termed Ab1,
against this antigen. These Ab1 antibodies can generate a series of anti-Id antibodies, termed Ab2. This particular
anti-Id that fits into the antigen binding site of Ab1 can generate a specific immune response against the nominal
antigen. Thus a practical outcome of idiotype network theory is that the idiotypes could be used to emulate any of
the existing antigen or as surrogate antigens (Figure 11).
Immunization with Ab2 antibodies triggers the generation Ab3 (anti-anti-id antibodies) that will recognize the
original antigen identified by Ab1.
Several Ab2 of this type have been used to challenge the immune system to induce specific protective immunity
against tumor antigens.

Tumor

Antigen

Ag

Ab1

Ab1
Ab2

Ab1

Ab2

Ab2

Tumor

Ab3
Ab1 like

Ab3

Figura 11:
Adapted from Vazquez et al. Front Oncol. 2012; 2: 170. doi: 10.338916

Ab3-Ab1

Ab3
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Jerne´s idiotypic network theory suggests that it would be possible to induce an immune response against a
particular antigenic epitope using an Ab2 anti-idiotype antibody. This is based on the ability of these antibodies to
mimic the original antigen.
At first it was thought that Ab2 antibodies were stereochemical copies of the nominal antigens, although this was
not obvious for non-protein antigens. Years later other investigations showed that this mimicry is only functional,
i.e., the Ab2 antibody, rather than being a topological replica of the antigen, interacts with the Ab1 in a similar
way the antigen would, thus providing a suitable explanation for non-protein antigens. Anti-idiotypic antibodies
functionally resemble the antigen itself in their own idiotype (Figure 9).

MONOCLONAL ANTIBODIES
The work by Kohler and Milstein led to the development of a methodology for obtaining antibodies from a single
clone of B lymphocytes, and therefore with identical variable regions. These antibodies are termed monoclonal
antibodies (mAb). It is worth noting that the physiological response to an antigen is always polyclonal. Even in
the case of a single antigenic epitope, it is very likely that more than one clone of B lymphocytes will be able to
recognize it. Moreover, during the reaction in the germinal center, the centroblasts modify the variable portion
of the surface Ig by somatic hypermutation, thus producing different B-cell clones specific for the antigen that
triggered the response.
The methodology for the production of monoclonal antibodies involves fusing mouse myeloma cells with B
lymphocytes from a mouse immunized with the antigen of interest. The resulting hybrids have two properties: they
proliferate indefinitely and secrete antibodies specific to the antigen used in the immunization. This technology
revolutionized the use of antibodies for diagnostic as well as therapeutic uses.
To generate the anti-idiotypic monoclonal antibody Racotumomab, the essential constituent of Vaxira®,
monoclonal-antibody production techniques (described below) are used.
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RACOTUMOMAB
Racotumomab is an anti-idiotypic mouse monoclonal antibody. The production process consisted of two steps:
1 Initially Balb/c mice were immunized with the NeuGcGM3 monosialoganglioside included in liposomes17,
followed by isolation of an IgM monoclonal antibody, termed P3, with high affinity towards various glycolylated
gangliosides.
16

2 P3 (Ab1) was used as an immunogen in a Balb/c mouse to generate an IgG1 monoclonal antibody (Ab2). This
antibody, termed Racotumomab (initially named 1E10), proved to have high affinity towards P3´s idiotype.
P3 ASSESSMENT
Following the generation of the P3 mAb (Ab1), tests were conducted in order to characterize this antibody and to
demonstrate its ability to react specifically against NeuGc-containing gangliosides.
• The specificity of P3 was assessed by ELISA and TLC immunostaining using several N-acetylated or
N-glycolylated gangliosides as antigens18. P3 only recognized N-glycolylated gangliosides. None of the
N-acetylated or neutral gangliosides tested were recognized by P3 (Table 2).
Ganglioside

P3 Reactivity

GM3(NeuGc)

++

GM2(NeuGc)

++

GM1a(NeuGc)

±

GM1b(NeuGc)

+

IV 3NeuGcα-nLc4Cer

++

IV 3NeuGcα-nLc6Cer

++

GD1a(NeuGc,NeuGc)

+

GD3(-NeuGc- NeuGc)

++

GD3(-NeuAc- NeuGc)

±

GD1c(-NeuGc-NeuGc)

±

Table 2: P3 reactivity against different gangliosides. Reactivity scale: ++ strong; + moderate; ± weak.
• IHC methods were used to assess the reactivity of P3 mAb in fresh tissue sections embedded in paraffin. Out
of all the malignant tumors that were studied, P3 strongly reacted against melanomas, breast tumors (infiltrating
ductal carcinoma and lymph-node metastases) and lung tumors (non-small cell and, to a lesser extent, small
cell). P3 mAb also reacted against tissue sections from cystic fibrous dysplasias and breast fibroadenomas
(data not shown). Out of all the normal tissues studied, P3 showed some reactivity against breast, lung and
gastrointestinal tract. No reactivity was observed in samples from heart, spleen, kidney, liver, adrenal glands,
skeletal muscle, pancreas, bladder, prostate, testis, uterus, ovary or skin.

Taken together, these results showed that the mAb P3 specifically recognizes mono-and disialogangliosides bearing
N-glycolylated sialic acid. The reactivity of this antibody appears to be strictly related to the N-glycolylated moiety
in the sialic acid. Furthermore, P3 reacts against antigens expressed in human lung and breast tumors, as well as
melanoma. 17, 19

RACOTUMOMAB ASSESSMENT
Next, in vitro studies to evaluate Racotumomab reactivity were performed as detailed below:
Specificity
• The specificity of Racotumomab for various anti-ganglioside antibodies was assessed using an indirect ELISA
on plates coated with the different anti-ganglioside mAbs. Racotumomab reacted against P3, but not against any
of the other anti-ganglioside mAbs tested (Chart 2).20.
1.6
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Chart 2: Reactivity of Racotumomab against the P3 mAb.
• The ability of Racotumomab to inhibit P3 activity was evaluated by incubating P3 (at a concentration
equivalent to 50% of the maximum reactivity value against N-glycolyl GM3) with increasing concentrations of
Racotumomab. Racotumomab was found to inhibit the biological activity of the P3 mAb in a concentrationdependent manner20 (Chart 3).
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Chart 3: Inhibition of the biological activity of P3 mAb (anti-N-glycolil GM3) by Racotumomab.
• Racotumomab reactivity was evaluated in fresh human normal tissue sections. No reactivity was observed in
samples from skin, respiratory tract, esophagus, stomach, small and large intestine, pancreas, kidney, liver, ovary,
mammary gland, adrenal, spleen, brain, cerebellum, spinal cord, skeletal muscle, bladder, testis or uterus. In
summary, Racotumomab specifically reacts against idiotypes within or near the antigen binding site of the P3
mAb.
Immunogenicity
The ability of Racotumomab to trigger an immune response, as well as the characteristics of such response, were
evaluated. Assays were performed in three different animal species: Balb/c mice, monkeys and chickens.21
1 Balb/c mice:
Generation of an anti-anti-idiotypic (Ab3) antibody response
Mice were injected intraperitoneally with 5 doses of 50 μg of Racotumomab. Ab3 serum reactivity was measured
by ELISA. The solid phase was performed on microtiter plates coated with Racotumomab F(ab’)2 fragments.
Mouse IgG or IgM antisera (Fc fragment conjugated to alkaline phosphatase) was used as the source of secondary
antibodies, and F(ab’)2 fragments of the mAb iorC5 were used as control.
The results showed that administration of Racotumomab induces a strong IgG-isotype antibody response (Ab3).
No binding to Racotumomab F(ab’)2 fragments was detected in the sera of control animals that had only been
immunized with the carrier protein and adjuvant. Furthermore, no reactivity of Ab3 sera against an irrelevant
isotype control antibody was detected.20
Ab3 serum reactivity against gangliosides
Ab3 serum binding to purified gangliosides was determined by an ELISA assay. Plates were coated with different
gangliosides. After the blocking step, serum samples were added and incubated for 2h at 37°C. Following the
washing steps, an alkaline phosphatase-conjugated anti-mouse Ig antiserum was added for 1h at 37°C, followed by
addition of the substrate. No anti-ganglioside reactivity was obtained, indicating that the Ab3 response generated
by Racotumomab/KLH/Freund’s adjuvant in mice is antigen negative (Ag-Ab3)20. In mice, as in most mammals
(except humans) NeuGc-containing gangliosides are normal components of plasma membranes (self antigens)
which explains the failure to detect a specific humoral response against these.1, 2, 22

Inhibition of P3 binding to Racotumomab by Ab3 serum
An ELISA assay was performed, in which various dilutions of mouse sera were incubated for two hours at 37°C
with F(ab’)2 Racotumomab fragments attached to microtiter plates. P3 binding was detected using the peroxidase
avidin-biotin system. The percentage of bound P3 was calculated in relation to the binding of biotinylated P3 in the
absence of inhibitor. Mice immunized with the Racotumomab/KHL/Freund’s adjuvant developed antibodies that
inhibited the binding of Racotumomab to P3, suggesting that Racotumomab administration induces production
of antibodies that share idiotypes with the P3 mAb in mice, eventhough it does not induce an antigen-positive Ab3
response (Ag-Id+ Ab3) . No inhibition was observed when mouse pre-immune serum was used.20
19

2 Serum antibody response against Racotumomab in monkeys
Two Irus monkeys were immunized with 6 subcutaneous doses of alum-adsorbed Racotumomab at 14-day
intervals. Serum antibody responses against Racotumomab and other isotype-matched antibodies was measured
by ELISA. Detection was performed with an antiserum against human Ig coupled to alkaline phosphatase. After
immunization, the monkeys developed a strong response against Racotumomab. Eventhough a response against
other mAbs of the same isotype was also observed, these responses were always weaker. This indicates that,
although monkeys immunized with a foreign Ig often develop a response against the Ig isotype, they also develop
the expected response against the specific Racotumomab idiotype.21
The characterization of the response against Racotumomab in monkeys yielded the results summarized below:
- The vaccine preparation was able to induce a strong and dominant anti-idiotypic response.
- The antibodies present in the sera of immunized monkeys inhibited the binding of P3 to Racotumomab,
indicating the presence of antibodies directed against the idiotype of Racotumomab (antibodies that share the
same idiotype with P3). This inhibition was specific, since sera from monkeys immunized with another antiidiotypic mAb (with the same isotype as Racotumomab, but specific for the GM2 ganglioside) were unable to
inhibit the binding of biotinilated P3 to Racotumomab. No inhibitory activity was observed in the pre-immune
sera.
- The Ig isotype that was generated in the anti-idiotypic response was IgG.
- The anti-idiotypic response is maintained over time. After 4 months, levels of serum antibodies against
Racotumomab were maintained, and their ability to block the interaction between P3 and the F(ab’)2
Racotumomab fragments was still intact.21
- Despite the strong Ab3 Id+ response generated in monkeys, no reactivity was detected against NeuGc
gangliosides, since these gangliosides are normal components of the plasma membrane in monkeys and
therefore behave as self-antigens.
3 Serum antibody response against Racotumomab in chickens
In chickens, as in human, gangliosides containing N-glycolylated sialic acid are not expressed in normal tissues.
Racotumomab-induced antibody response was measured in immunized chickens that had received four doses of
100 μg of Racotumomab administered at two-week intervals. Serum samples were obtained before and during the
immunization protocol. Serum from animals immunized with the iorC5 mAb was used as control21. The results
are summarized below:
- Specificity of serum Ab3 antibodies. Sera dilutions (1/40,000) were tested on ELISA plates coated with
Racotumomab, or iorC5 as control. All immunized animals developed a strong serological response against
Racotumomab.
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- Anti-idiotypic and anti-isotypic responses. The extent of the anti-idiotypic component of the humoral response
against Racotumomab was evaluated. Hyperimmune sera (dilution 1/40,000) were preincubated in the presence
or absence of the control mAb iorC5, and then the reactivity against Racotumomab and iorC5 was evaluated by
ELISA. The results showed that the level of the humoral response against the idiotype of Racotumomab was
greater than the response against the isotype (p <0.05, Mann Whitney U test).
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- Inhibition of P3 (Ab1) binding to Racotumomab (Ab2) by sera from Racotumomab-immunized animals.
P3 binding to plates coated with Racotumomab was tested in the presence of different pre-immune and
hyperimmune sera dilutions. Percent inhibition was calculated relative to the binding of P3 to Racotumomab
in the absence of serum. The presence of P3 idiotype in Ab3 (Ab3 Id+) was demonstrated by the ability of
hyperimmune sera from chickens to specifically inhibit the binding of Racotumomab (Ab2) to P3 (Ab1). No
inhibition was observed when the pre-immune serum was used.
- Binding specificity of Ab3 serum antibodies from Racotumomab-immunized animals to the NeuGcGM3
and NeuGcGM2 gangliosides. The specificity of the response against gangliosides was demonstrated for
NeuGcGM3 and NeuGcGM2 in Racotumomab-immunized animals. The reactivity of the different sera
dilutions was tested by ELISA on plates coated with NeuGcGM3, NeuAcGM3, NeuGcGM2 and NeuAcGM2.
No reactivity against N-acetyl gangliosides was found. The specificity of the anti-ganglioside humoral response
was confirmed by HPTLC immunostaining (Figure 12).
Specific binding of chicken hyperimmune serum to NeuGc gangliosides (Ab3 Ag+) was confirmed. No reactivity
was detected with the hyperimmune serum from chickens immunized with iorC5.
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Figure 12: Immunostaining on monosialoganglioside HPTLC plates with serum Ab3 antibodies from
Racotumomab-immunized chickens. (A) Gangliosides were chromatographed and detected with Ab3 antibodies
(1:500 dilution) and a rabbit anti-chicken IgY conjugated to peroxidase. (B and C) Racotumomab-immunized
chickens and (D) iorC5-immunized chickens, irrelevant isotype control.

S t i m u l a t i o n o f c e l l u l a r i m m u n i t y.
Racotumomab administration promotes lymphocyte recruitment to the lungs of Lewis tumor-bearing animals.
(Figure 13).23
A
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Figura 13: Lung tissue sections show lymphocyte recruitment (arrows)
A Control Group
B Racotumomab.
Arrows mark CD4+ cells
Racotumomab antitumor action
The first tumor protection experiments were performed in animals where Racotumomab had been previously
conjugated to KLH (a mollusk hemocyanin that plays the role of immune carrier in numerous experimental
vaccines). In these experiments, Racotumomab-KLH treatment protected C57BL/6 mice against a challenge with
Lewis tumor, resulting in a significant increase in survival.
Anti-metastatic action
Subsequent experiments incorporating aluminum hydroxide as adjuvant for Racotumomab yielded similar
protective action as Racotumomab/KLH. Indeed, the administration of alum-adsorbed Racotumomab protected
C57BL/6 mice from metastases originating from transplantation of the Lewis tumor. Vaccinated mice had both
fewer and smaller metastases (Figure 14).23
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Figure 14: Antitumor effect in animals. (Left panel) Number of lung micrometastases per lung. (Right panel)
Metastatic surface.
Antitumor action in combination with Pemetrexed
Another research group showed, in a NSCLC mouse model, the antitumor activity of Racotumomab adjuvated
with aluminum hydroxide, either alone or in combination with Pemetrexed as a chemotherapeutic agent.41 Biweekly vaccination showed a significant effect against progression of lung nodules (Figure 15). Interestingly, the
combination of immunotherapy (Racotumomab) and chemotherapy (Pemetrexed) was highly efficacious against
lung nodules and was also well tolerated.
35
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Figure 15: Effect of immunization with alum-adsorbed Racotumomab plus chemotherapy on spontaneous
formation of lung nodules. Mice were inoculated subcutaneously with 3LL cells and then immunized with alumRacotumomab (50 μg/dose) and 100 mg/kg Pemetrexed administered orally. * p <0.05, control vs. Racotumomab
vs. Pemetrexed ** P <0.01, control vs. Racotumomab + Pemetrexed.

Apoptotic and anti-angiogenic action
Racotumomab treatment increased the number of apoptotic cells and decrease angiogenesis in animal models of
metastatic lung cancer (Figures 16 and 17).23
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Figure 16: Apoptotic cells (arrows) in lung sections. A: control; B: Racotumomab.

A

B

Figure 17: Blood vessels (arrows) in lung sections. A: control; B: Racotumomab.
In another tumor protection model, co-administration of Racotumomab and low doses of cyclophosphamide
after a challenge with F3II breast cancer cells significantly reduced tumor growth, supporting the rationale for
combined use of chemotherapy and immunotherapy in solid tumors.11
To x i c o l o g y S t u d i e s
Racotumomab immunotherapy was well tolerated in murine animal models. In preclinical studies, the immunization
protocol did not affect body weight, food or water intake, and no overt signs of toxicity were observed.
The toxicology program included studies of single dose toxicity, repeated dose toxicity, mutagenicity and local
tolerance. The results of single and repeated dose toxicity showed that Racotumomab is well tolerated in rats at a
dose 10 times higher than the proposed dose for humans. Subacute toxicity after continuous daily administration
was evidenced by excessive activation of extramedular myelopoiesis in spleen and liver and by a lung inflammatory
reaction with neutrophil infiltration in interaalveolar septa.24
No overt signs of toxicity related to Racotumomab were observed and no adverse effects were reported on major
physiological systems (cardiovascular, respiratory and central nervous systems).
The most significant adverse reaction observed, in agreement with previous study reports, was the formation of
papules at the injection site in treated as well as in control animals, which is attributed to the presence of the alum
gel in the vaccine preparation.
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In mutagenicity studies that analyzed the effect of three different doses (100, 200, 400 μg) applied intraperitoneally
twice daily, there were no genotoxic effects on somatic cells and no cytotoxic effect at any dose, except in female
mice that received the 400 μg dose, where some signs of cytotoxicity were observed.
In summary, these preclinical studies allowed us to evaluate the following aspects:
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• The interaction between Racotumomab and P3, the monoclonal antibody used to generate Racotumomab.
• The ability of Racotumomab to induce an anti-idiotypic response in mice, monkeys and chickens. These three
species generate a strong anti-Racotumomab response and chickens also induce an anti-NeuGcGM3 response.
This occurs because in chicken, like in humans, NeuGcGM3 is not present in normal tissues.
• The ability of Racotumomab to stimulate cellular immunity.
• The antitumor activity of Racotumomab in mice, using different formulations and different experimental
contexts to generate relevant conditions from the clinical standpoint.
• The safety of Racotumomab administration.

CLINICAL EXPERIENCE
The journal mAbs, in its 2013 annual review, included Vaxira® in a list of promising antibody therapies.25
Vaxira® is an immunotherapeutic agent composed of the anti-idiotypic monoclonal antibody Racotumomab and
aluminum hydroxide (AH), a widely used adjuvant. AH enhances the production of antibodies, but is neither
immunogenic nor a hapten.26 It behaves as a depot at the site of injection from which the antigen is released
slowly26, 27 and, at the same time, it induces the formation of granulomas that attract immunocompetent cells such
as antibody-producing plasma cells.28 AH may directly stimulate monocytes to produce proinflammatory cytokines
that can activate T cells,29-31 and it may also stimulate the B cell response.4, 32
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Figure 18: Mechanism of action and clinical response.

Clinical Studies
The results of clinical studies conducted with Vaxira® are described below:
• Phase I clinical trial in patients with malignant cutaneous and ocular melanoma.33
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The aim of the study was to demonstrate the toxicity profile and the immune response to intradermal administration
of Vaxira® (six 2mg doses, administered at 14-day intervals).
The study recruited patients with a histopathological diagnosis of ocular and cutaneous malignant melanoma
stages III-IV from the Peripheral Tumors and Ophthalmology Service at the National Institute of Oncology and
Radiobiology of Cuba.
Adverse events included local reactions at the injection site (mild pain, erythema and induration) which disappeared
within 24-48 hours. Some patients experienced fever, chills and headache.
The immune response to vaccination was analized by ELISA. Increasing titers of anti-Racotumomab antibodies
were observed with successive doses, reaching maximum levels after the sixth dose and remaining stable for several
months after completion of the test (Chart 4).
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Chart 4: Specificity of Ab3 sera from vaccinated melanoma patients towards Racotumomab.
Binding to different monoclonal antibodies: Racotumomab (Vaxira®), iorC5, 14F7, ior CEA.
The anti-N-glycolyl GM3 response (response against target of interest) showed maximum antibody titers (mainly
IgG but some IgM) after the fourth and fifth application, dropping back down during follow-up measurements
(Chart 5).
Importantly, no response against N-acetylated gangliosides was detected.
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Chart 5: Specificity of Ab3 sera from vaccinated melanoma patients towards NeuGc-GM3.

To evaluate cellular response, the proliferative capacity of peripheral blood mononuclear cells exposed to the
vaccine was measured. Post-vaccination samples showed a greater proliferative capacity (stimulation index) than
the baseline samples.33
In summary, this study demonstrated that Vaxira® was well tolerated by patients with advanced malignant
melanoma, producing no severe adverse reactions (according to the WHO toxicity criteria).
In melanoma patients, Vaxira® induced an anti-idiotypic response that was predominantly IgG. This response was
specific towards N-glycolylated ganglioside and was relatively long-lasting. Vaxira® also induced cell proliferative
responses that were specific towards Racotumomab.
• Phase I study in patients with advanced breast cancer (stages III-IV or progressive metastatic disease).32
This was a dose-escalation study: 1 or 2 mg of Racotumomab adsorbed in 5mg of alum. Both toxicity and immune
response were assessed.
Patients were divided into two groups that received either the 1mg or 2mg dose. The proposed scheme for each
patient consisted of 6 initial doses administered intradermally at 14-day intervals, followed by booster immunizations
when antibody titers fell by 20% or more of the maximum titer, for up to 1 year. Only patients who received at
least 4 doses were considered eligible for analysis.
The safety profile mainly showed local reactions at the injection site (mild pain, erythema and induration) that lasted
between 24 and 72 hours. Some patients experienced grade I-II fever, pruritus, arthralgia and grade I headache. All
symptoms were independent of the administered dose and lasted 1-3 days.
For the immune response analysis, only patients who received at least 4 doses of Vaxira® were included. An anti-

Racotumomab response (detected by ELISA) that increased with the number of doses was observed in these
patients. This response was detected between the second and fourth dose (independent of dose level), peaked after
the sixth dose and had a predominant IgG2 isotype.
The anti-N-glycolyl GM3 response increased with the number of immunizations, showed maximum titers (mainly
IgG, some IgM) after the fourth and fifth administrations and dropped back down during follow-up measurements
(Chart 6). No response against N-acetylated gangliosides was observed.
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Chart 6: Specificity of serum Ab3 towards gangliosides after immunization with Vaxira®.
This study also demonstrated good tolerance to Vaxira® in patients with advanced breast cancer, as there were no
severe adverse reactions according to WHO criteria.
In these patients, Vaxira® induced an IgG antibody response that was predominantly anti-idiotypic, specific
towards anti-N-glycolylated ganglioside and relatively long lasting.
• Phase I study in patients with small-cell lung cancer who entered the study with either complete or partial
response to conventional therapy (chemotherapy).19
This clinical study also sought to evaluate the toxicity profile and the immune response in patients who received
2 mg doses of Vaxira® (in 5 mg/ml alum). The immunization scheme included a total of 10 doses, with an
induction phase consisting of 4 doses at 14-day intervals, followed by a maintenance phase consisting of 6 doses
at 28-day intervals.
The toxicity profile was similar to previous studies, with mainly local reactions at the injection site (mild pain,
erythema, and induration) that disappeared in 2-4 days. One patient presented a local abscess that required
antibiotics and resolved within 15 days. The most common systemic events were grade I-II fever, arthralgia and
grade I headache. All symptoms were independent of the dose administered and lasted 2-4 days.
Regarding the immune response profile, an anti-Racotumomab response (detected by ELISA) that increased
with the number of doses and peaked during the maintenance phase (after the seventh dose) was observed in
these patients. A specific anti-N-glycolyl-GM3 response was observed, and maximum antibody titers (mainly
IgG, some IgM) with seroconversion were detected in patients who displayed the highest post-vaccination titers.
Immunohistochemical analysis showed an increased reactivity of the post-vaccination serum samples towards
tissue samples from both small and non-small-cell lung cancer (Chart 7).
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Chart 7: Kinetics and specificity of serum antibodies against Racotumomab and NeuGcGM3 gangliosides. The
serum of a representative vaccinated patient was added to an ELISA plate coated with Racotumomab or an isotype
control. Serum reactivity to gangliosides was determined by HPTLC.
A Anti-Racotumomab antibody specificity as a function of time. No cross-reactivity against mouse monoclonal
antibodies similar to Racotumomab is observed.
B Specific IgM and IgG response against N-glycolyl-GM3 gangliosides.
The arrows at the top indicate immunizations
It was concluded from this study that the humoral response to Vaxira® is reinforced by monthly booster
immunizations, where maximum anti-Racotumomab titers are observed during the maintenance period. An IgM
and IgG anti- N-glycolyl-GM3 specific response was detected. However, when compared to assays in breast cancer
and melanoma previously described, patients in the current study showed lower specific antibody titers, most likely
due to the immunosuppression caused by the advanced disease stage and treatments received.
Finally, this study showed that Vaxira® was well tolerated in this patient population.
• Phase I study to evaluate safety and immunogenicity of treatment with Vaxira® in high-risk (stage III) or
metastatic breast cancer patients (with slow progression or complete response to first-line therapy).34
The study selected patients who had undergone surgery followed by chemotherapy and/or radiotherapy a minimum
of 28 days and a maximum of 2 years before inclusion; ECOG of 0-2, a life expectancy greater than 6 months
and proper function of vital organs.
The main objectives of the study were to evaluate the immunogenicity and the toxicity profile of different doses
of Vaxira®.

Vaxira® was administered at three dose levels, 0.5 mg, 1 mg and 2 mg of Racotumomab in 5 mg/ml of alum.
The vaccination schedule comprised 16 immunizations that included a primary induction phase (6 doses at 14-day
intervals) followed by 10 booster doses at 28-day intervals. The route of administration was intradermal, each dose
being divided among four different administration sites (at least 5 cm apart) in the arms, abdomen or thighs.
A total of 19 patients were included: 7 were allocated to a dose of 0.5 mg, 5 patients to 1mg and 7 patients to a
dose of 2mg.
Toxicity profile: mainly local reactions were observed at the site of injection such as erythema, pruritus, local pain,
swelling and small areas of induration (<0.5 cm). Systemic symptoms were similar to those observed in previous
trials, including pseudo flu symptoms (myalgia, fever, headache and fatigue) of short duration (1-2 days). There
was no evidence of higher-grade toxicity associated with continuous immunizations during the maintenance phase.
Two patients were removed from the trial due to hypersensitivity reactions related to the vaccine at the site of
application: one patient developed a large area of erythema after the fourth application and the second patient
developed an area of induration with vesicles, where signs of vasculitis were confirmed by an anatomical pathology
analysis.
Regarding the immune response profile it is worth emphasizing that all patients showed an anti-Racotumomab
response (detected by ELISA) that was maintained even after week 18 (Chart 8).
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Chart 8: ELISA analysis of specific anti-Racotumomab antibodies. Filled squares: 0.5 mg; open squares: 1mg;
diamonds: 2mg dose.
Regarding the specific anti-N-glycolyl-GM3 response, 16 evaluable patients showed a specific IgM response after
the fourth dose (Chart 9). 13 out of 16 patients showed serological IgG response. No differences in antibody titers
were observed at different dose levels.
Reactivity of IgM and IgG antibodies increased toward the end of treatment. The high frequency of responders
and the increase in the intensity of the response during treatment suggest that an extended vaccination scheme is
effective to induce an antibody response towards glycolylated gangliosides.
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Chart 9: Assessment of anti-ganglioside antibodies (IgM and IgG) by ELISA.
Doses of 0.5 mg: light blue, doses of 1.0 mg: blue, doses of 2.0 mg: grey
Secretion of IFNγ by peripheral mononuclear cells (PBMCs) stimulated with Racotumomab F(ab)2 fragment was
analyzed by ELISA. Patients showed a positive response throughout the treatment, which indicates a response
against the idiotype of Racotumomab (Chart 10).
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Chart 10: IFNγ secretion by PBMCs stimulated with Racotumomab.
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Figure 19: An ELISPOT test was conducted in PBMCs from a vaccinated patient to evaluate IFNγ secretion in
response to in vitro stimulation with the N-glycolil-GM3 tumor antigen.
Secretion of IFNγ by PBMCs from immunized patients was observed by ELISPOT. Cells were stimulated in vitro
with autologous dendritic cells loaded with liposomes that contained N-glycolyl-GM3 (Figure 19). The response
was delayed relative to the humoral response (after week 14) and persisted after 42 weeks following an extended
vaccination protocol.
Taken together, the results of this clinical study demonstrated that extended vaccination with Vaxira® produces a
strong and sustained humoral and cellular immune response, regardless of the dose level.
It is worth noting that this study adds a maintenance stage where an IgG response is detected in patients who had
developed a limited IgM response during the induction phase.
One of the most significant findings of this study is the involvement of a cellular response to immunization, as
evidenced by the secretion of gamma interferon, a factor involved in cellular cytotoxicity.
The extended vaccination protocol was well tolerated, and most frequent adverse events were local reactions at the
injection site.
• Vaxira® studies in a pediatric population.
As mentioned above, the presence of the NeuGcGM3 ganglioside in different tissues and tumors has been
demonstrated by immunostaining. Scursoni and coworkers14 have shown expression of the ganglioside in 85%
of the neuroblastoma samples studied. A phase I study is being conducted to study the effect of Vaxira® in
pediatric patients with neuroblastoma that is either refractory or resistant to prior oncological treatment. The main
objectives of this study are to demonstrate acute toxicity and maximum dose tolerance, as well as immune and
clinical response.
Immunological data from one of the study patients have been reported by Sampor et al.35 This publication describes
that immunization of a 4 year-old patient (3 doses of 0.15 mg Racotumomab, once every 14 days) elicited an IgG
anti-Racotumomab antibody response (Chart 11A). Moreover, an IgM anti-ganglioside response was obtained
two weeks after the second immunization (Chart 11B). Immunization was well tolerated; only mild and transient
adverse reactions at the site of injection were reported.
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Chart 11: Antibody response elicited by Vaxira® immunization in a pediatric patient with neuroblastoma.
A Anti-Racotumomab response
B Anti-glycolylated ganglioside response.
These results show, for the first time, that Vaxira® is able to induce an anti-tumor immune response in neuroblastoma
patients.
• Antibody response in a group of 20 advanced-stage NSCLC patients immunized with Vaxira®.36
All patients were immunized with Vaxira® four weeks after receiving oncospecific standard treatment (4-6 cycles
of cisplatin/vinblastine) according to the disease stage at time of diagnosis. Each dose of 1ml Vaxira® was divided
into 4 sub-doses of 0.25 ml and administered intradermally in 4 different sites (arms, abdomen, thighs). The
vaccination scheme consisted of two phases, an induction phase (first 5 doses administered at 14-day intervals) and
a follow-up maintenance phase (10 doses, given every 28 days until disease progression).
This study showed that Vaxira® is able to induce a specific antibody response against its own idiotype: Id(Id+)
in NSCLC patients. The immunization also induced a specific antibody response against NeuGcGM3 in Ag+
patients. An IgM and IgG anti-NeuGcGM3 response was detected.
Subsequently, the ability of sera from immunized patients to react against cell-surface NeuGcGM3 was evaluated.
For this purpose, either pre-immune or hyperimmune sera were incubated with the X63 myeloma cell line, which
expresses high levels of NeuGcGM3, and binding was measured by flow cytometry. The hyperimmune serum
of 10 out of 12 patients tested showed significant binding to myeloma cells X63 compared to pre-immune sera.
In contrast, both pre and hyperimmune sera showed very low reactivity against H82 cells, which do not express
NeuGcGM3.
This work demonstrated that Vaxira® is able to induce the generation of specific anti-NeuGcGM3 antibodies due
to Racotumomab Id recognition.
VA X I R A ® s t i m u l a t e s t h e p r o d u c t i o n o f a n t i b o d i e s c a p a b l e o f i n d u c i n g c e l l d e a t h .

The ability of the Vaxira®-induced antibodies to recognize and kill tumor cells that express the target antigen was
investigated.36
X63 myeloma cells showed a high death rate when incubated in the presence of sera from immunized patients,
compared to pre-immune sera. These results suggest that immunization with Vaxira® induces the generation
of antibodies capable of recognizing and killing NeuGcGM3-expressing tumor cells. In agreement with this
hypothesis, patients who developed IgG and IgM antibodies against NeuGcGM3 showed longer survival times
(Chart 12). While the median overall survival of the whole population treated with Vaxira® was 10.6 months
(CI 95% 3,0-17,3 months), there were significant differences between the median survival time of patients who
developed anti-NeuGcGM3 antibodies (median survival 14.26 months, CI 99% 5,97-17,3 meses) and patients who
did not develop antibodies against the ganglioside (median survival 6.35 months, CI 95% 4.97 to 9.67 months).
These results have direct clinical implications, since they suggest that patients who are able to develop an antibody
response against the nominal antigen (NGcGM3) show an increased overall survival.
Chart 12: Kaplan-Meier survival curves for patients who developed IgM and/or IgG antibodies against NeuGcGM3
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and for patients who did not develop antibodies against the ganglioside (p<0.01, log-rank).

Mechanism of action
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Elegant work by Hernández et al.37 demonstrated that NSCLC patients immunized with Vaxira® generated
antibodies capable of binding to NeuGcGM3-expressing tumor cells in culture, and subsequently killed these
cells by a mechanism independent of complement activation. This cytotoxicity differs from apoptosis because
it is temperature independent, no chromatin condensation or caspase 3 induction is detected, and the DNA
fragmentation induced has a different pattern than the one characteristic of apoptosis. It is a very quick process and
involves cytosqueletal reorganization. The antibodies induce cellular swelling and the formation of big membrane
lesions that allow the leakage of cytoplasm and the loss of the cell membrane integrity. All of these characteristics
resemble a process of oncotic necrosis (Figure 20).
Figure 20: Oncotic necrosis process.
A

B

C

D

A pre-immune serum
B-D hyperimmune sera from 3 different patients
These data complement and expand the results obtained in clinical studies and contribute to reinforce the
therapeutic potential of anti-idiotype vaccines such as Vaxira® and the importance of gangliosides, particularly
NeuGcGM3, as tumor targets.

CLINICAL EXPERIENCE IN NSCLC

• In the first study that tested Vaxira® in patients with advanced-stage (IIIb, IV) NSCLC, 71 patients were
included.39 All patients had previously received oncospecific treatment according to their particular disease stage
at the time of diagnosis (surgery, chemotherapy and/or radiotherapy). Most patients had received 4 to 6 cycles
of Carbo or Cisplatin/Vinblastin.
The immunization scheme consisted of 15 doses of Vaxira® administered intradermally. The first 5 doses were
administered at 14-day intervals (induction), followed by monthly booster injections until disease progression. 4
patients (5.6%) received less than 5 doses, 53 patients (75%) received between 5-15 doses and 14 patients (19.4%)
received more than 15 doses.
The age range of the patients was 34-80 years, 34 patients were stage IIIB, 37 were stage IV. 42 patients were men
and 29 were women. Sixty-five patients were smokers or former smokers and only 6 were nonsmokers. From the
anatomical pathology standpoint, tumors were classified as epidermoid carcinoma in 15 cases, adenocarcinoma in
45 cases, and large-cell carcinoma in the remaining 11.
Assessment of Clinical Response
The median overall survival from the time of diagnosis was 16.36 months (95% CI 14.02-18.70). The median
survival calculated from time of vaccination was 9.93 months (95% CI 8.61-11.25) (Table 3 and Chart 13) and the
survival rate at 1 year was 34%.
Chart 13: Kaplan-Meier survival curve of patients from time of diagnosis.
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Table 3 shows survival analyses according to different clustering criteria. For the stage-of-disease cluster, median
survival time was 9.93 (95% CI 7.44 - 12.43) and 9.53 (95% CI 6.12-12.95) for stage IIIb and IV, respectively. No
statistically significant difference was detected between these two strata of patients. There were also no statistically
significant differences in survival between vaccinated patients according to gender, age or tumor histology.
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Variable

Number of patients

Median survival (months)		

CI 95%		

P

Gender
Female
Male

29			7.73				1.99-13.48
42			9.93				7.90-11.96

0.526

32			9.93				8.68-11.19
39			
8.17				
4.69-11.44

0.644

34			
37

0.535

Age
36

>60
≤60
Disease stage
IIIB
IV

9.93				
7.44-12.43
9.53				6.12-12.95

Histological clasification
Epidermoid Carcinoma
Adenocarcinoma
Large cell Carcinoma

15			8.80				6.82-10.78		
45			10.57				6.48-14.65
0.1387
11			8.87				3.36-14.37

Performance Status
1
2

61			10.60				8.41-12.79
10			6.50				2.06-10.94

0.0486

Response to oncospecific treatment
Partial Response
11			15.27						0.0064
Stable Disease
53			9.93				8.17-11.70
Progressive Disease
7			6.27				3.44-9.09

Table 3: Survival analysis in vaccinated patients after enrollment. Clusters: Gender, Age, Stage of disease,
Histological classification, Performance status, Response to oncospecific treatment.
Comparison of overall survival between patients with different clinical responses to first-line chemotherapy and
different performance status (1 vs 2) revealed significant differences (Table 3). Median survival for the 56 patients
(79%) who exhibited partial response or stable disease after first-line chemotherapy and a performance status of
1 at time of enrollment was 11.50 months (95% CI, 7.97-15.03 months), and the survival rate after one year was
39%. Survival for this group was significantly longer (log-rank test, p = 0.002) compared to that calculated for
patients whose disease was progressing when they initiated vaccination and/or had a performance status of 2 (6.50
months, 95% CI 4.31-8.69 months) (Chart 14). The one-year survival rate of this latter group of patients was 13% .
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Chart 14: Kaplan-Meier survival curves for patient populations that, at time of enrollment, had either stable disease
or partial response to first-line treatment and performance status of 1, or progressive disease and performance
status of 2.
A cross-study analysis was performed to compare OS in the aforementioned study to OS achieved by NSCLC
patients with similar clinical features but who had not received the vaccine. Chart 15 shows Kaplan-Meier survival
curves for this analysis. The median survival for Vaxira®-treated patients (9.93 months, 95% CI, 8.61-11.25) was
statistically higher than survival for the group of patients who received no treatment (5.40 months, 95% CI, 1.9
-8.9) (Table 4).
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Chart 15: Kaplan-Meier survival curves.
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Treatment

N			

Mean (months) 		

Median (months) 		

P

Non-vaccinated
Vaccinated

40			9.20			5.40			0.002
71			13.43			9.93

Table 4: Survival comparison between vaccinated and non-vaccinated patients.
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These results suggest that Vaxira® significantly improves survival of patients with advanced NSCLC (stage IIIB
/ IV) who had a measurable response to first-line chemotherapy and a good performance status.
• Phase II/III study in advanced NSCLC patients.
The most relevant clinical study performed so far with Vaxira® in NSCLC patients is the double-blind, multicenter,
randomized (1:1), placebo-controlled trial that evaluated the efficacy of treatment with Vaxira® in 176 patients40.
The patients included in this trial were diagnosed with NSCLC, stages IIIb and IV, had achieved a complete
or partial response, or had their diseases stabilized after first-line cisplatin-based chemotherapy (Table 5). The
vaccination schedule consisted of 5 doses of Vaxira® or placebo at 14-day intervals (induction period), followed
by a maintenance period consisting of one monthly dose. After one year of treatment (15 doses), the study was
unblinded and only those in the Vaxira® group continued vaccination, even if their disease had progressed.
The primary endpoint of this trial was to evaluate the impact of Vaxira® in overall survival.
Characteristics

Vaxira n=89

Placebo n=85

Age
≤60 years		
>60 years		

37 (41.6%)
52 (58.4%)

41 (48.2%)
44 (51.8%)

Gender
Female		
Male		

22 (24.7%)
67 (75.3%)

36 (41.2%)
49 (58.8%)

ECOG PS
0		
1		
2		

4 (47.2%)		
45 (50.6%)
2 (2.2%)		

38 (44.7%)
43 (50.6%)
4 (4.7%)

Race
Caucasian		
Black		
Other		

74 (83.1%)
13 (14.6%)
2 (2.2%)		

65 (76.5%)
11 (12.9%)
9 (10.6%)

Smoking habit
Smokers		
Former smokers
Nonsmokers

20 (22.5%)
65 (73.0%)
4 (4.5%)		

14 (16.5%)
67 (78.8%)
4 (4.7%)

Characteristics

Vaxira n=89

Placebo n=85

Tumor histology
Squamous cell carcinoma
Adenocarcinoma
Large cell carcinoma
NSCLC

32 (36.0%)
28 (31.5%)
17 (19.1%)
12 (13.4%)

34 (40.0%)
27 (31.8%)
15 (17.6%)
9 (10.6%)

Disease Stage
IIIB
IV

55 (61.8%)
34 (38.2%)

44 (51.8%)
41 (48.2%)

First line chemotherapy
CT
RT

89 (100%)
56 (62.9%)

85 (100%)
45 (52,9%)

First line chemotherapy
Platinum

89 (100%)

85 (100%)

Response to first line
CR
PR
SD

3 (3.4%)
42 (47.2%)
44 (49.4%)

4 (4.7%)
46 (54.1%)
35 (41.2%)

Table 5: Characteristics of the patients in the vaccine and placebo groups.

In the intent-to-treat analysis (ITT) 174/176 patients were included. The mean OS in the Vaxira® group was
15.68 months (median 8.27 months), compared to 10.65 months (median 6.27 months) in the placebo group. The
difference between the two groups was statistically significant (p = 0.02). The OS rate at 12 months for patients
treated with Vaxira® was 38%, compared to 24% in patients treated with placebo. The OS rate at 24 months in the
Vaxira® group was 17%, compared to 7% in the placebo group.
The survival analysis per protocol (PPP) evaluated only those patients who had received at least 5 doses of either
vaccine or placebo, i.e., patients who had completed the induction phase. 135/173 patients were included in
this evaluation. Mean OS in the Vaxira® group was 18.9 months (median 10.9 months), compared to 11.45
months (median 6.9 months) in the placebo group (Chart 16). The difference between both groups was statistically
significant (p = 0.002).
Importantly, in the Vaxira group the OS rate at 12 and 24 months was 48% and 22%, respectively, compared to
28% and 8% in the placebo group (Table 6).
This was the first clinical trial that showed, in a randomized and controlled setting, the superiority of Vaxira® vs.
placebo.
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Chart 16: Kaplan-Meier survival curves. Per protocol inclusion.
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Survival (per protocol inclusion)

40

Group

Median (months)

Vaxira
(n=70)

10.90 (CI 95% 6.82 - 14.98)

Placebo
(n=65)

6.90 (CI 95% 4.43 - 9.37)

Survival
Rate %

6
months

12
months

18
months

24
months

Vaxira

83

48

30

22

Placebo

62

26

12

8

Table 6: Median time and rate of survival in patients vaccinated with Vaxira® or placebo.
Furthermore, survival after disease progression was also significantly higher (p=0.0042) in patients who received
Vaxira® (mean 11 months, median 4 months) compared to patients in the placebo group (mean 4 months, median
2 months). This evidence supports the hypothesis that continued vaccination after disease progression has a
positive impact on patient survival. The most common adverse events reported were pain at the injection site,
bone pain, cough and dyspnea. The rate of adverse events related to Vaxira® does not increase with the number
of immunizations, which supports the extended use of the vaccine while the patient’s general condition allows it.
The efficacy and good safety profile shown by Vaxira® in this clinical trial is very encouraging, since it would offer
a new treatment alternative to NSCLC patients. The good tolerance for Vaxira® would allow treatment in elderly
patient populations, as well as combination with other oncospecific treatments.
This work was considered among the most relevant studies presented at the Congress of the European Society of
Medical Oncology (ESMO) in 2012.40

SAFETY AND TOLERABILITY
The following conclusions can be drawn from the aforementioned clinical studies:
• Vaxira® was well tolerated and there were no differences in tolerability between the dose levels evaluated.
• Most adverse events were grade 1, there were 34 (8.6%) grade-2 events. The most frequent events were local and
systemic reactions related to the administration of the vaccine.
• Local reactions consisted of pain and induration at the site of injection, and disappeared between 1 and 3 days
later.
• Adverse events did not increase with repeated vaccination.
• Systemic reactions included fever (which lasted about 2 hours in the majority of patients), myalgia, arthralgia,
pruritus, headache and fatigue. These symptoms usually disappeared within 48 hours. There were 2 (0.5%)
grade-3 adverse events attributable to the vaccine, and 3 (0.75%) discontinuations of the therapy due to adverse
events (one case of vasculitis, one episode of syncope and one episode involving a large erythema and itching;
all three of these were observed in a breast cancer study in Argentina).
Described below are the adverse events that appeared at a frequency ≥ 1% in both Vaxira® and placebo groups,
regardless of causality.
Adverse events

Burning sensation at site of injection
Bone pain
Pain at site of injection
Cough
Dyspnea
Asthenia
Local erythema
Anorexia
Expectoration
Induration
Headache
Pruritus
Fever
Volume increase at site of injection
Nausea
Abscess
Myalgia
Arthralgias

Vaxira®

%

Placebo

%

Total

225
108
95
88
56
48
39
27
28
17
25
21
16
8
12
11
7
5

21.1
10.1
8.9
8.2
5.3
4.5
3.7
2.5
2.6
1.6
2.3
2.0
1.5
0.7
1.1
1.0
0.7
0.5

199
94
67
65
42
45
39
37
16
25
16
15
18
17
12
10
14
15

21.2
10.0
7.1
6.9
4.5
4.8
4.2
3.9
1.7
2.7
1.7
1.6
1.9
1.8
1.3
1.1
1.1
1.6

424
202
162
153
98
93
78
64
44
42
41
36
34
25
24
21
21
20

%

21.1
10.1
8.1
7.6
4.9
4.6
3.9
3.2
2.2
2.1
2.0
1.8
1.7
1.2
1.2
1.0
1.0
1.0

Table 7: Most common adverse events in patients vaccinated with Vaxira® or placebo
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A d m i n i s t r a t i o n o f Va x i r a ® i n c o m b i n a t i o n w i t h c h e m o r a d i o t h e r a p y.
• Phase I study, safety and immunological evaluation of Vaxira® administered in combination with standard firstline chemotherapy in patients with advanced NSCLC.
In this clinical study, 20 patients with stage IIIb-IV NSCLC were included. Patients received specific chemotherapy
(4-6 cycles of cisplatin/vinblastine).
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The vaccination scheme consisted of two phases, an induction phase (first 5 doses administered at 14-day intervals)
and a subsequent maintenance phase (10 doses, given every 28 days for up to one year). Each 1ml dose was divided
into four 0.25 ml sub-doses. Possible administration sites include deltoid, anterior forearm, thigh and posterior side
of the leg. The vaccine was administered intradermally. Each patient received the vaccine on the day they started
chemotherapy or radiotherapy. If the patient progressed they were able to receive second-line treatment without
disrupting vaccination.
The results of this study showed that the combination of standard platinum chemotherapy and Racotumomab in
the treatment of advanced lung cancer had an acceptable safety profile. No additive toxic effects were reported.
Concurrent administration of standard chemotherapy and vaccine did not affect the induction of the specific
immune response against Racotumomab and the NeuGcGM3. The combined treatment induced a decrease in
CD19 and CD3CD8 cells, increased CD3CD4 and caused no change in CD3CD56.

CONCLUSIONS
• NeuGcGM3 ganglioside is a tumor-specific antigen. It is expressed in different tumor cell types such as lung,
breast and melanoma, constituting a suitable target for cancer immunotherapy.
• Racotumomab is an IgG1 monoclonal anti-idiotype antibody.
• In a murine lung carcinoma experimental model, Racotumomab has shown to induce anti-metastatic activity.
• Vaxira® is a biologic medical product that contains the anti-idiotype antibody Racotumomab and aluminum
hydroxide as adjuvant.
• In patients with different cancer types, Vaxira® was able to induce a potent immune response that was both
humoral and cellular.
• Immunization of NSCLC patients with Vaxira® induced the production of both IgG and IgM Ab3 antibodies
against the NeuGcGM3 ganglioside, which had the ability to recognize and kill tumor cells that overexpress this
antigen.
• Vaxira® seems to increase the survival of NSCLC patients in recurrent or advanced stages (IIIB /IV) compared
to best supportive care.
• Vaxira® is well tolerated and its safety profile is acceptable. Most common adverse events are mild and transient
reactions at the site of administration.
• Vaxira® also seems to improve overall survival in NSCLC patients with progressive disease.

PRODUCT MONOGRAPH

43

P R O D U C T F O R M U L AT I O N A N D A D M I N I S T R AT I O N M E T H O D
Formulation
Each vial of Vaxira® contains: 1mg Racotumomab, 5mg aluminum hydroxide, 12.14 mg of Tris-(hydroxymethyl)
aminomethane, 3.40 mg of sodium chloride and sufficient water for injection (1 ml total volume).
44

How to prepare
1. Verify the expiration date on the label and that the product has been stored at a temperature between 2-8° C.
2. Vaxira® vials should be visually inspected before use to assess the possible presence of particulate matter or
change in coloration, in which case the solution should not be used.
3. Flip off the aluminum cover, wipe the top with disinfectant.
4. Using a sterile syringe and needle draw the whole Vaxira® solution from the vial.
5. Replace the needle with a sterile 25-27 gauge intradermal needle.
6. Administer Vaxira® intradermally in four sites (0.25 ml each). Recommended immunization sites are: the deltoid,
anterior forearm, the anterior thigh and the posterior calf. In case two sub-doses are administered in the same
area, both application sites should be at least 5 cm apart.
Method of administration
Induction Phase: The first five doses are administered at 14-day intervals. This step is crucial to achieve a
good level of seroconversion and immunogenicity, yielding high levels of antibodies against Racotumomab and
NeuGcGM3.
Maintenance Phase: Subsequently, patients receive booster doses every 28 days until unacceptable toxicity or
deterioration of the patient´s general condition.
Disease progression, either from the symptomatic or radiological standpoint is not a cause to stop vaccination. The
vaccine can be administered concurrently with other standard chemotherapies.

It is recommended that the patient remains under observation for one hour after receiving the first 2 doses of
Vaxira® to ensure immediate detection of possible adverse reactions and subsequent treatment.
The patient need not remain under observation after subsequent doses if no adverse reactions had been previously
observed, unless the physician considers otherwise.
Only symptomatic treatment is suggested if necessary. There is no evidence that would suggest the need to
administer any medication prior to vaccination with Vaxira®.
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