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Abstract

Idiotypic vaccination for folicular lymphoma induces a tumor-specific immune response which
may kill tumor cells in vivo and prevent tumor relapse in patients. However, being based on a
personalized vaccine against a person’s own tumor, large scale randomized studies have
produced contradictory results. The objective of this review is to define what an idiotype is and
to outline the major results of twenty years of clinical research on idiotypic vaccination. We
first identified the major proofs of principle obtained by its use between 1992 and 2006,
focusing on both our and others’ contributions. Then, we analyzed the results of randomized
clinical trials, which have become available ove the last five years, and provided some of our
most recent and original data.

A combination of immunological methods should be employed for proper interpretation of
immune response following idiotypic vaccination. We describe some of the methods used to
measure immune responses and identify tumor idiotype sequences. Some of the older methods
(e.g. ELISA) may, in some instances, be misleading, and should be validated using different
methods (e.g. flow cytometry). Moreover, patients who relapse years after the end of the
vaccination schedule, may have undergone changes in tumor idiotype tumor idiotypes that
have undergone substantial changes and is advisable to test the tumor clone at relapse to
ascertain it.

While idiotypic vaccination has provided proof-of-principle of effectiveness, the data necessary
for regulatory approval has yet to be generated. Therefore, better designed, confirmatory
clinical trials of idiotypic vaccination are necessary.

Keywords: Idiotypic vaccination, immunoglobulin, follicular lymphoma and relapse.

Cite this Article as: Susana Inogés, Ascension Lopez-Diaz de Cerio, Helena Villanueva, Fernando Pastor,
Mario Martinez Soldevilla, Elena Soria and Maurizio Bendandi (2013), "Idiotypic Vaccination: Still a
Unique form of Cancer Immunotherapy for Follicular Lymphoma after 20 Years," Advances in Cancer:
Research & Treatment, Vol. 2013 (2013), Article ID 553391, DOI: 10.5171/2013.553391



Advances in Cancer: Research & Treatment

Introduction

From an operational standpoint, cancer
immunotherapy consists in harnessing the
power of the immune system and directing
it towards the killing of tumor cells in vivo.
As straightforward as this statement may
sound, the term cancer immunotherapy
remains as vague as the content of
Pandora’s box. In fact, it neither clarifies
what immune system is being considered
nor what different types of cancer are
being targeted or which components of the
immune system are being exploited.

While most cancer immunotherapies are
developed within an autologous setting, it
has to be remembered that the riskiest and
yet most efficicacious immunotherapeutic
strategy to date is still allogeneic stem cell
transplantation (Kolb 2008). This approach
is employed almost exclusively as an
attempt to cure certain hematological
malignancies, while its use against solid
tumors is negligible. Moreover, the
development of cancer immunotherapies
has been extremely uneven among diverse
types of cancer. For instance, idiotypic
vaccination for lymphoma has cleared all
proof-of-principle  hurdles over two
decades but has yet to achieve regulatory
approval (Bendandi 2009), while
sipuleucel-T has been approved for the
treatment of certain prostate cancer
patients without such a stringent proof-of-
principle validation (Kantoff et al. 2010).
Be as it may, it is not clear whether the
whole immune system should be
galvanized by cancer immunotherapy, or
whether specific humoral or cellular
responses should be induced depending on
the type of tumor being targeted.

Passive and Active Immunotherapy of
Cancer

Passive and active immunotherapies are
concepts that bring to mind the respective,
traditional use of immune sera and
vaccines against infectious diseases.
However, when applied to cancer
treatment, such concepts need to be
revisited.

Nowadays, passive immunotherapy against
cancer mostly consists of the use of one or
more monoclonal antibodies targeting
antigens shared by both tumor and normal
cells (i.e. tumor-associated antigens)
(Weiner, Surana & Wang 2010). Therefore,
although they differ from chemotherapy
agents in the way they kill tumor and
normal cells, they are similar in their non-
selectivity. The fore-runner of all these
antibodies is rituximab, which has
revolutionized the way we currently treat
most B-cell malignancies, by targeting all
cells expressing the CD20 surface molecule
(Maloney et al. 1997).

The Tumor Immunoglobulin: The
Paradox of a Useless Antibody and
Useful Antigen

Many B-cell malignancies, particularly most
B-cell lymphomas, consist of clonal
expansions of cells all expressing the same
clonal immunoglobulin on their surface
(Stevenson 1975). No other normal B cell
shares exactly the same immunoglobulin
(Stevenson 1975). Thus, the clonal, tumor-
specific immunoglobulin harbors antigenic
determinants that are not found in any
other immunoglobulin of the same patients.
As a consequence, each tumor cell displays
on its surface an immunoglobulin with
specific epitopes that can be targeted by
immunotherapy without interfering with
the normal functioning of normal B cells.

It is worth observing that this perspective
is not what we usually adopt when
considering the health implications of
immunoglobulins. In most if not all cases,
we think of an immunoglobulin as an
antibody whose natural function is to
recognize and bind to an antigen. In
contrast, when it comes to active
immunotherapy against lymphoma, the
clonal immunoglobulin becomes the target,
not the tool. As target, it is considered as a
collection of antigens (Bendandi 2000).
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Idiotopes and Allotopes: The Idiotype as
a Patient- and Tumor-Specific Antigen

When considering any immunoglobulin,
including the tumor immunoglobulin as an
antigen rather than as an antibody, two
groups of epitopes are encountered:
idiotopes and allotopes. Allotopes are
mostly located in the heavy and light chain
constant regions. They are recognized as
foreign by a recipient because of their
presence in the immunoglobulin of the
donor but not of the recipient. The
differences between donor and recipient
allotopes are of no functional significance
(Bendandi 2000). In contrast, idiotopes are
located in the hypervariable regions of the
immunoglobulin variable domain, and are
recognized as foreign because they do not
induce self tolerance, since their small
quantity present in the body is insufficient
to induce self-tolerance. However, the
differences between donor and recipient
idiotopes may be functionally relevant in
the context of B cell function regulation
(Bendandi 2000). It is also important to
remember that idiotopes and the
complementarity-determining regions
(CDRs), the most hypervariable portions of
the immunoglobulin’s variable regions, do
not overlap and are not synonymous.
Idiotopes serve as antigen for other
antibodies, while the CDRs are the most
refined tools by which an immunoglobulin
recognizes an antigen (Baskar, Kobrin &
Kwak 2004).

The whole collection of idiotopes to be
found within the same immunoglobulin is
termed the idiotype. Inherently, the
idiotype is a B-cell clone-specific antigen,
which in a malignant clone becomes a
tumor-specific antigen (Bendandi 2000).

Idiotype, or Anti-Idiotype Vaccines?

Confusion may arise from reading the
scientific literature which variously cites
idiotype and anti-idiotype vaccines. This
unnecessary confusion stems from a lack of
uniformity in the nomenclature used.
Authors referring to idiotype vaccines
imply that the vaccine core administered to

the patients carries the tumor idiotype. In
contrast, those referring to anti-idiotype
vaccines infer that the target of vaccination
is the idiotype displayed on the tumor cells.
In that respect, the terms are used similarly
to malaria or anti-malaria vaccines in the
context of parasitic infection.

Idiotypic vaccination (Bendandi 2009) for
follicular lymphoma (Bendandi 2008) is an
experimental type of active
immunotherapy based on the fact that the
tumor cells of most patients express a
clonal immunoglobulin on the cell surface.
The clinical aim of this therapeutic
approach is to prevent disease recurrence
rather than induce tumor shrinkage. As
such, it is better used in patients already
with a complete, or very good partial
response obtained with standard therapy.
Idiotypic vaccination aims at impeding
tumor relapse or progression by eliciting a
polyclonal humoral and/or cellular
response capable of targeting the idiotype
even when it partly changes overtime due
to somatic mutations (Bendandi 2009).

From Tumor Idiotype to Idiotype
Vaccine

Over the last twenty years, most clinical
trials of idiotypic vaccination have been
conducted in patients with follicular
lymphoma. Until recently, the only way the
tumor idiotype could be reproduced in
vitro was with use of hybridoma
technology (Rodriguez-Calvillo et al. 2004).
However, recombinant technology is being
increasingly used to reduce production
costs, labour and process duration
(Bendandi 2009). Irrespective of the
methodology used, the primary source for
identifying the tumor idiotype remains the
tumor cell that features it. The typical
vaccine formulation consists of the tumor
idiotype (the antigen) conjugated with
keyhole limpet hemocyanin (KLH) (an
immunogenic carrier) and co-administered
with  granulocyte-macrophage colony-
stimulating factor (GM-CSF) (an
immunological adjuvant) (Bendandi 2009).
(See schema in figure 4)
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Figure 4: The Byopsed Lymph Node Tissue is Disgregated into a Cell Suspension. The
CDR3 Region and Bcl-2 are Sequenced and Flow Cytometry Analyses are Performed. The
Hybridome Cell is Generated by Cell Fusion and Idiotype-Specific Hybridomas are
Selected Based on ELISA and CDR3 Sequencing. The Idiotype-Specific Hybridomas are
Large-Scaled Cultured to Ultimately Purify the Idiotype. Once the Tumor Idiotype is
Purified, it is Subsequently Conjugated with Keyhole Limpet Hemocyanin (KLH) and Co-
Administered with Granulocyte-Macrophage Colony-Stimulating Factor (GM-CSF).

Industrial Production of Personalized
Vaccines

The clinical trials which over the years
have provided solid proof-of-principle of
the potential effectiveness of idiotypic
vaccination in follicular lymphoma patients
did not use idiotype conjugates produced
as an industrial endeavor. Instead, the
conjugates were produced using good
manufacturing and good clinical practice
within specialist academic laboratories.
However, for regulatory approval, large-
scale, reliable production methods are
required. Establishing these methods
require substantial private investments
embodied by the establishment of
independent companies such as Biovest,
Genitope, Favrille and Icon Genetics. While
the basic vaccine formulation has not
changed, the way the idiotype is produced
has. Biovest has remained faithful to
hybridoma technology leading to products

that have established all three proofs-of-
principle: biological efficacy, clinical
efficacy and clinical benefit (Bendandi
2009, Villanueva et al. 2011).In contrast,
Genitope, Favrille and Icon Genetics have
switched to recombinant technology, with
the idiotype being ultimately produced by
mammalian, insect and plant cells,
respectively (Bendandi 2009, Bendandi et
al. 2010).

Clinical Trials and Further Development

Idiotype vaccines are the first type of
human cancer vaccines to clear the proof-
of-principle hurdles of biological efficacy
(Kwak et al. 1992), clinical efficacy
(Bendandi et al. 1999) and clinical benefit
(Inoges et al. 2006) in humans. Some
patients do indeed respond to vaccination
by mounting a tumor idiotype-specific
immune response (Kwak et al. 1992). This
vaccine-induced, idiotype-specific immune
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response leads to clearance of tumor cells
in vivo (Bendandi et al. 1999) and longer
disease-free survival of patients with such
aresponse (Inoges et al. 2006).

Unfortunately, three recent phase-II],
randomized clinical trials have failed to
achieve their main clinical endpoints
(Timmerman et al. 2009a, Freedman et al.
2009, Schuster et al. 2011) and,
consequently, to failure of the products
concerned to obtain regulatory approval
(Bendandi 2009). In two of those trials,
(Freedman et al. 2009, Timmerman et al.
2009b) no significant difference in disease-
free survival was observed between
patients receiving their customized vaccine
and those receiving the control substance
(Freedman et al. 2009). However, the study
designs used may have accounted for the
failure of the trials to demonstrate efficacy
for the idiotype vaccines concerned
(Bendandi 2009, Bendandi 2006). The
third clinical trial showed a statistically,
barely significant difference in relapse-free
survival in favour of the vaccine (Schuster
et al. 2011). Disappointingly, it failed to
enroll more than two thirds of the target
number of patients. While the results
provide some evidence for clinical benefit
of idiotypic vaccination (Inoges et al. 2006),
they are not conlcusive. One or more new
trials with positive results will be required
for regulatory approval of the product
(Bendandi 2009). Currently, the sole
ongoing clinical trial of an idiotype vaccine
is a phase-I study aiming at establishing the
safety and tolerability of a recombinant
idiotype vaccine produced in tobacco
plants (Bendandi et al. 2010).

Idiotope Changes

Changes in the tumor-specific idiotype of a
follicular lymphoma over time include both
silent and replacing somatic mutations
(Raffeld et al. 1985, Meeker et al. 1985), as
well as codon insertions/deletions (Kobrin,
Bendandi & Kwak 2001). Similar changes
have been reported for other B-cell
malignancies (Heirman et al. 1990, Klapper
etal. 2006). It has also been speculated that
anti-idiotype therapy with monoclonal
antibodies might exert a strong enough
selective pressure on the tumor cells to

provoke a tumor-specific immunoglobulin
isotype switch within a few months of such
‘passive’ immunotherapy (Davis et al.
1998). This isotype switch, that is the
selection of a gamma to replace a mu
heavy-chain, would happen within the
same original tumor clone, giving rise to a
tumor subpopulation which would coexist
with it (Davis et al. 1998). Based on all
these observations, we recently decided to
ascertain what happened to the idiotype of
our follicular lymphoma patients relapsing
after undergoing idiotypic vaccination. If
the idiotype changes substantially in the
relapsed tumor, the immune response
induced by a previous vaccination, though
in principle polyclonal, may lose its ability
to exert tumor control and a new vaccine
may be required. In the opposite case, the
original vaccine may still be used but may
feature a reduced o capacity to induce an
idiotype-specific immune response actually
relevant to the modified tumor idiotype. As
most of the patients enrolled in our
idiotype vaccine clinical trials were from
other centers in Spain and other countries,
only occasionally did we receive material
from subsequent lymph node biopsies
obtained in those places, typically years
after the last vaccination was administered
at our institution. This allowed us to
compare idiotype sequences before and
after vaccination in five such cases (Inoges
etal. 2006, Inoges et al. 2009).

In four of the five cases, the idiotype
sequences from the relapse material after
vaccination was identical to the sequences
obtained years earlier from the original
lymph nodes whose single-cell suspensions
had been used for vaccine production. In
the fifth case, in what is to the best of our
knowledge the first-in-man observation at
least for patients with lymphoma, while the
original tumor idiotype was found on an
IgM antibody molecule, at relapse it was
found on an IgG antibody molecule.
Interestingly, a lambda light chain was
present at both timepoints. These
observations were confirmed by both
immunophenotype and sequencing data.
CDR2 and CDR3 were sequenced from both
heavy and light chains of the tumor-
specific, idiotype-bearing, clonal
immunoglobulins as previously described
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(Bendandi et al. 2001), employing the same
family-specific primers that we routinely
employ for tumor idiotype fingerprinting,
on tumor clones obtained before and after
vaccination. However, given the gross
discrepancy between the sequences of the
tumor-related  immunoglobulin  heavy
chain at the two timepoints, we also
designed patient-specific primers covering
all possible isotype combinations. In detail,
we designed patient-specific primers
derived from the old tumor IgM idiotype
sequence (Figure 1A) and used them to
possibly identify remnants of the old IgM
immunoglobulin-bearing clone in the more
recent tumor single-cell suspension.
Similarly, we also designed patient-specific
primers derived from the new tumor IgG
idiotype sequence (Figure 1B) and used
them to possibly identify signs of an
incipient tumor clone foreshadowing the
subsequent development of the new, sole

FR2 CDR2 FR3

A T AR T R R R S AR TS
MNSLTAADTAIYYCARSSHRDFE

or predominant, IgG immunoglobulin-
bearing clone in the original tumor single-
cell suspension.

Much to our surprise, neither heavy chain
sequence was found in the tumor single-
cell suspension where it would have been
at most minoritary. Moreover, despite a
number of non-replacing  somatic
mutations, the aminoacid sequence of the
tumor-specific lambda light chain remained
unchanged (data not shown). Therefore,
the most plausible inference is that the
same disease clone had over the years
undergone an isotype switch within the
clonal immunoglobulin, leading to
conspicuous changes in the idiotype
configuration and in the glycosylation
pattern (Radcliffe et al. 2007, Zhu et al
2002) (Figure 1A and 1B), without
affecting the primary structure of the clonal
light chain.

CDR3 FR4

NSVITADTAVYYCARSSHRDFE

Figure 1.

Tumor-specific immunoglobulin’s heavy
chain fingerprinting at diagnosis (A) and
post-vaccination relapse in the sole case
analyzed in which the aminoacid sequence
has changed between the two timepoints.
The changes represent an overall isotype
switch (see text) from IgM (A) to IgG (B).
Original (A) and new (B) acquired potential
glycosylation sites are highlighted. At
relapse (B), individual aminoacid changes
from the original IgM (A) to the new IgG
(B) sequence are underlined. FR:
framework regién. CDR: complementarity
determining region. FR and CDR
indications are placed at the beginning of
each of them within both sequences.

In our case, even with routine use of nested
polymerase chain reactions unavailable in
previous studies (Raffeld et al. 1985,

Meeker et al. 1985), we cannot speculate
that idiotypic vaccination caused the
isotype switch for a number of reasons.
First, the change occurred years after
vaccination was concluded. Second,
idiotypic vaccination is an active type of
immunotherapy aiming at eliciting a
polyclonal response targeting several
idiotopes at the same time. Third, idiotypic
vaccination failed to elicit an idiotype-
specific humoral immune response in this
patient after the first idiotype vaccine was
administered; in contrast, an idiotype-
specific humoral immune response was
elicited by the second idiotype vaccine
customized according to the relapse
idiotype sequence. Fourth, the tumor-
specific heavy chain detected at relapse
was not present in the original diagnosis
specimen, while the tumor-specific heavy
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chain detected at diagnosis was not present
in the relapse specimen. Moreover, the
primary structure of the tumor-specific
light chain never changed. These facts seem
to indicate that, over the years, the same
tumor clone, never eradicated,
spontaneously underwent the heavy chain
switch, rather than supporting the possible
co-existence of the two isotopes.
Interestingly, one of the acquired potential
glycosylation sites was maintained, while
the location of another had changed
(Figure 1).

Immune Responses Elicited by Idiotypic
Vaccination

It is not known whether both a humoral
and cellular immune response induced by
vaccination and specific for the idiotype are
necessary for achieving clinical benefit for
the patient (Bendandi 2009). Besides,
whenever we succeed in confirming the
former, the existence of the latter is
postulated, at least in terms of T-cell helper
activity elicited by the vaccine (Galon et al.
2006). Another problem that has not been
solved yet is which tests should be
considered the gold standards. For two
decades, a positive anti-idiotype humoral
response, that is the detection of vaccine-
induced, idiotype-specific antibodies in a
patient’s post-vaccine serum, has always
been associated with a positive ELISA test
for tumor-specific post-vaccine sera from
the same patient (Inoges et al. 2010, Inoges
et al. 2011Db). As we shall note below, the
ELISA test alone may not be always
sufficient for same cases. Even more
complicated is the detection of a cellular
immune response, what is the
demonstration of T-cell responses specific
for the idiotype and/or the tumor, and
attributable to the vaccination. None of the
many tests available has ever been
validated to be the most meaningful and
reproducible (Inoges et al. 2006, Inoges et
al. 2010, Inoges et al. 2011b).

In most patients with a vaccine-induced,
idiotype-specific, humoral response, the
issue of specificity is not controversial
since the post-vaccine serum antibodies
recognize the patient- and tumor-specific
idiotype but not isotype-matched, negative-
control idiotypes, also termed as irrelevant
lymphoma idiotypes. However, other
patients mount a  vaccine-induced,
idiotype-non-specific humoral response
instead, with their post-vaccine serum
antibodies recognizing isotype-matched,
irrelevant lymphoma idiotypes as well. As
such, they are not easily classificable as
responders (i.e. with vaccine-induced,
idiotype-specific humoral response) or
non-responders (i.e. with no vaccine-
induced humoral response), thereby
making correlations between immune
response and clinical effect difficult to
establish. Recently, our investigation by
flow cytometry of five such patients
enrolled in our previous trials (Inoges et al.
2006, Inoges et al. 2009) showed that
response-specificity to the patient’s tumor
idiotype could be demonstrated simply by
using a different methodological approach.
So far, the results indicate that patients
with idiotype-non-specific responses could
be pooled with the true responders, as
there is no evidence that idiotype
specificity is necessary for tumor control.
This illustrates the complexity of the
relationship between vaccination, immune
response and disease control. Of our five
patients, three had apparently developed
the lack of specificity over time (a
representative case is illustrated in figure
2A), while in the other two cases it had
been developed by the end of
administration of the first five vaccine
doses (a representative case is illustrated
in figure 3A). Besides the standard ELISA
(Kwak et al. 1992, Inoges et al. 2011b), we
also undertook flow cytometric studies of
each patient’'s tumor cells tentatively
stained with the corresponding pre- and
post-vaccine sera (Timmerman et al.
2009a).
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Figure 2.

ELISA (A) and flow cytometry (B) of a
representative humoral response originally
classified as idiotype-specific but that later
became dubious. In the ELISA (A), it can be
seen how the post-vaccine sera recognizes
only the tumor-specific idiotype up to the
fifth dose of vaccine, but when reassessed
several doses later it seems to recognize
other non-specific, isotype-matched tumor
idiotypes. However, when the same post-
vaccine sera are used to stain either the
original  patient’s tumor or the
corresponding irrelevant tumor cells (B),
the former are systematically stained,
while the latter are not, confirming the
long-term idiotype specificity of the

vaccine-induced humoral response.
Interestingly, a certain increase in the
negative control staining is observed prior
to the twentieth and the twentififth dose of
vaccine, suggesting either a slow
phenomenon of epitope spreading or the
long-term recognition of minor antigens
other than the idiotopes. For each
measurement (B), the percentage of
stained tumor cells is shown in the upper
right quadrant. PRE-1 wvalues indicate
background signals. Abbreviations: PRE
means that each serum sample was
obtained from the patient immediately
prior to administering the vaccination
indicated by the following number.
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ELISA (A) and flow cytometry (B)
assessment of a representative humoral
response originally classified as idiotype-
non-specific. In the ELISA (A), it can be
seen how the post-vaccine sera recognizes
both the tumor-specific idiotype and an
irrelevant, isotype-matched tumor
idiotype. However, when the same post-
vaccine sera are used to stain either the
original  patient’s tumor or the
corresponding irrelevant tumor cells (B),
the former are systematically stained,
while the latter are not, confirming the
long-term idiotype specificity of the
vaccine-induced humoral response. For
each measurement (B), the percentage of
stained tumor cells is shown in the upper
panel (specific tumor, CD10-) and lower
panel (irrelevant tumor, CD10*) always in
the right quadrant. PRE-1 values indicate
background signals. Abbreviations: PRE
means that each serum sample was
obtained from the patient immediately

prior to administering the vaccination
indicated by the following number.

Surprisingly, in all five cases, despite the
evidence of lack of specificity in the
humoral response as shown by ELISA
(Figure 2A and 3A), the same post-vaccine
sera efficiently stained the patient’s tumor
cells but not the negative-control tumor
cells, termed as irrelevant tumor cells
(Figure 2B and 3B), that is tumor cells from
other lymphoma patients whose idiotype-
bearing immunoglobulin featured the same
isotype. At most, minimal non-specific
tumor cell-staining could occasionally be
detected (Figure 2B) after dozens of
vaccinations, raising the possibility that in
a few patients epitope spreading might be a
collateral action of idiotypic vaccination.
There is a plausible explanation for the
often controversial results obtained by
ELISA and flow cytometry. In the
hybridoma technology, the new hybrid cell
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contains part of mouse genes, presumably
including  postranslational = machinery,
which could affect some epitopes within
the immunoglobulin produced by the
hybridoma. In order to perform the ELISAs,
the immunoglobulines used in detecting
the anti-idiotypic response are generated
by hybridoma. Therefore, this assay would
show the humoral immune response
against new modified epitopes generated
by the hybridoma technology as well as
native ones. On the other hand, in the flow
cytometry assay, which is performed with
the patients’ tumor cells, this unspecificity
is not detected (figure 3).

Conclusion

A combination of immunological methods
should be employed for proper
interpretation of immune response
following idiotypic vaccination. When a
lymphoma patient relapses after
vaccination, it would be advisable to test
the tumor clone at relapse to ascertain
whether the idiotype has changed. Better
designed, confirmatory clinical trials in
idiotypic vaccination are necessary if
regulatory approval is to be obtained for
such vaccines. Despite the set-backs,
idiotypic vaccination remains an extremely
attractive approach (Inoges et al. 2009) to
possibly reduce relapse of some types of
lymphoma. Since every failed randomized
clinical trial costed hundreds of million of
dollars, careful study design is necessary,
including the selection of the most suitable
pre-vaccine chemotherapy regimen
(Siddhartha, Vijay 2009, Zinzani et al. 2000,
Rigacci et al. 2012).
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