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Abstract
Therapeutic vaccines for B-cell non-Hodgkin lymphoma using the clonal tumor immunoglobulin
idiotype, have been under development for more than three decades. A major obstacle for rapid
progress in the field has been that the idiotype vaccine is patient-specific and required the generation
of a custom-made product. The manufacturing issues were recently overcome by advances in
hybridoma and recombinant DNA technology and facilitated the completion of several Phase I and
II clinical trials. The strong immunogenicity and apparent clinical benefit observed on the early phase
studies led to the initiation of three randomized Phase III clinical trials that are also nearing
completion. This review will focus on the development of idiotype vaccines before and after the
introduction of rituximab for the treatment of B-cell non-Hodgkin lymphomas and also discuss
potential strategies to enhance the efficacy of active immunotherapy in the future.
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Introduction
Evidence in the literature suggests that non-Hodgkin lymphomas of B-cell origin may be
especially sensitive to immunotherapy. First, spontaneous remissions lasting longer than 1 year
have been observed in up to 23% of patients with follicular lymphoma (Horning, et al 1984).
Second, the survival of patients with follicular lymphoma appeared to correlate with the gene
expression signatures of infiltrating nonmalignant immune cells in the tumor (Dave, et al
2004). Third, graft versus lymphoma effect has been demonstrated in a number of different
lymphomas following allogeneic stem cell transplantation (Thomson, et al 2006). Lastly,
administration of rituximab, an anti-CD20 monoclonal antibody, either as a single agent or in
combination with chemotherapy, results in clinical remission in a significant proportion of
patients with B-cell non-Hodgkin lymphoma (Colombat, et al 2001, Witzig, et al 2005). As
opposed to passive immunotherapy with monoclonal antibodies such as rituximab, active
immunotherapy with a therapeutic vaccine may induce an antitumor antibody response, as well
as anti-tumor CD4+ and CD8+ T-cell responses. In addition, immune responses induced by a
vaccine are likely to be polyclonal, directed against multiple epitopes of a candidate tumor
antigen, and have immunological memory. These advantages of active immunotherapy over
monoclonal antibodies support the development of therapeutic vaccination strategies for the
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treatment of lymphomas, since a long-lasting polyclonal immune response directed against
multiple epitopes may limit the emergence of tumor escape mutants and diminish the risk of
relapse.

Components of therapeutic cancer vaccines
Most therapeutic cancer vaccines that are being tested in clinical trials have at least three
components, a tumor-specific or tumor-associated antigen, a carrier, and an adjuvant. The
tumor antigen is usually a protein or peptide derived from the tumor that is either uniquely
expressed or is hyperexpressed in the tumor as compared with normal tissues. The unique or
hyperexpression of the tumor antigen is necessary to prevent the induction of an unwanted
autoimmune response against normal tissues following vaccination. The second component of
a cancer vaccine, the carrier, is necessary for delivery of the tumor antigen to antigen-presenting
cells, such as dendritic cells, in order to induce the immune response against the tumor antigen.
A carrier can be a foreign protein, such as keyhole-limpet haemocyanin (KLH), or an inert
vehicle, such as liposomes. KLH is an oxygen-carrying respiratory protein obtained from a
marine mollusc, Megathura crenulata, a native of the Pacific Coast of California and Mexico
(Harris, et al 2000). It is highly immunogenic and has been tested as a nonspecific stimulant
of the immune system to decrease the risk of relapse in various human cancers (Harris, et al
2000). Liposomes can also be very effective carriers of tumor antigens. They can produce a
depot effect at the site of injection and cause a slow release of antigens over a prolonged period
of time (Wassef, et al 1994; Van Slooten, et al 2001). Liposomes traffic preferentially via the
lymphatic system to local lymph nodes that are the sites for induction of immune responses
(Kaledin, et al 1982; Oussoren, et al 2001). Reports in the literature also suggest that liposomes
deliver the encapsulated antigens to both the endosomal and cytosolic compartments of antigen
processing, thereby generating both CD4+ and CD8+ T-cell responses (Harding, et al 1991;
Rao, et al 2000; Van Slooten, et al 2001). The third component of a cancer vaccine, the
adjuvant, is usually a cytokine, such as granulocyte-macrophage colony stimulating factor
(GM-CSF) or interleukin-2 (IL-2), to facilitate an enhanced immune response against the tumor
antigen. GM-CSF likely acts by recruiting and promoting maturation of professional antigen-
presenting cells, such as dendritic cells, which may in turn activate pathways of antigen
processing that allow exogenous proteins to be presented by class I molecules (Eager, et al
2005). IL-2 may act as an adjuvant by augmenting the proliferation of activated T cells induced
by the tumor antigen-carrier complex. However, IL-2 may potentially induce proliferation of
regulatory T cells as well, and therefore, needs to be evaluated carefully in clinical trials for
its adjuvant effects.

Idiotype is a model tumor antigen
An ideal tumor antigen is one that is selectively expressed in the tumor, universally present in
all cancer patients, is essential for tumor cell survival, and should induce a polyclonal humoral
and cellular immune response. The idiotype (Id), the most commonly used tumor antigen in
therapeutic cancer vaccination studies in B-cell non-Hodgkin lymphomas has many of the
desirable characteristics of an ideal tumor antigen. The idiotype refers to the unique amino acid
sequences within the complementarity determining regions (CDR) of the variable regions of
the heavy and light chains of the surface immunoglobulin expressed on B-cell malignancies
(Fig 1). Since malignancies of B-cell origin are clonal, the Id of the tumor immunoglobulin is
distinct from the immunoglobulins expressed on the surface of normal B cells. Therefore, the
idiotype can be considered as a tumor-specific antigen; an immune response directed against
the Id is expected to affect the tumor, but not normal B cells. Since the variable region of the
tumor immunoglobulin is different from patient to patient, the Id is considered patient-specific
and is not a universal tumor antigen. For this reason, the use of idiotype as a therapeutic
lymphoma vaccine would require the generation of a custom-made product for each patient.
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The idiotype, however, appears to be essential for tumor cell survival, since immunoglobulin
loss variants have rarely been described in certain B-cell non-Hodgkin lymphomas, such as
follicular lymphoma (Kaleem, et al 2000,Li, et al 2002). This may be because of the fact that
the surface immunoglobulin serves as the B-cell receptor and may transmit prosurvival and
antiapoptotic signals necessary for the tumor growth (Kuppers, et al 2005). Furthermore,
idiotype vaccination was associated with induction of polyclonal antibody and T-cell responses
that may minimize the emergence of immune escape variants (Bendandi, et al 1999;Baskar,
et al 2004).

Methods of idiotype vaccine generation
Traditionally, the idiotype protein was produced by a rescue hybridization technique developed
by Ronald Levy's laboratory at Stanford University (Carroll, et al 1986). In this method, the
lymphoma tumor cells obtained from a lymph node biopsy are fused to hypoxanthine-
aminopterin-thymidine-sensitive heterohybridoma K6H6/B5 cells to produce hybridomas that
secrete the tumor immunoglobulin (Fig 2). The hybridomas secreting the immunoglobulins
with idiotype of interest are identified by comparing the immunoglobulin heavy chain CDR3
sequences of the fusions with the patient's tumor. The selected hybridoma clones are expanded
and the Id protein is purified from the culture supernatant by affinity chromatography and
formulated into a vaccine with a carrier and an adjuvant (Lee, et al 2007). Although this
technique is successful, it is time-consuming and laborious requiring up to 3 to 6 months to
make a vaccine for each patient.

More recently, recombinant DNA technology has been used to generate idiotype proteins with
the goal of shortening the vaccine production time. In this approach, the variable regions of
the heavy (VH) and light (VL) chains of the tumor immunoglobulin are cloned by polymerase
chain reaction (PCR) and inserted into an expression vector for production of the idiotype
protein either in mammalian cells, insect cells, tobacco plants, or Escherichia coli (Hurvitz, et
al 2005; McCormick, et al 1999; Kanter, et al 2007) (Fig 2). These newer approaches, although
faster than the traditional hybridoma approach, still take approximately 2 months to
manufacture a vaccine for each patient.

An alternative to idiotype protein vaccine is to use DNA vaccines to further shorten the vaccine
production time. The most appealing aspect of DNA vaccination is its simplicity and the ease
of vaccine generation. Immunoglobulin variable genes specific for the B-cell malignancies can
be cloned (Hawkins, et al 1993, 1994) under the regulatory elements of a eukaryotic promoter
into an expression cassette and combined into single chain variable fragment (scFv) formats,
encoding a single polypeptide consisting solely of IGHV and IGLV genes linked together
inframe by a short amino acid linker (Fig 2) (Benvenuti, et al 2002). The DNA vaccine is then
injected via intramuscular or intradermal routes of administration or delivered into the
epidermis by particle mediated bombardment of DNA-coated gold particles (gene gun). As
described later in this article, preliminary studies in mice indicate that the scFv is weakly
immunogenic in most cases and needs to be used together with an adjuvant to render it more
immunogenic.

Development of idiotype vaccine: Preclinical studies
In the early 1970's, Lynch and colleagues demonstrated for the first time that idiotype
vaccination could induce an antibody response and suppress the growth of the corresponding
transplanted tumors in a mouse mineral oil-induced plasmacytoma model (Lynch, et al
1972). This observation was later confirmed in a number of different lymphoma, myeloma,
and leukemia models. However, the immune responses and tumor protection were weak when
mice were immunized with idiotype proteins alone (Stevenson, et al 1975; Freedman, et al
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1976; Stevenson, et al 1977; Kaminski, et al 1987; Kwak, et al 1990). In 1987, Kaminski et
al observed that antitumor immunity was optimally induced when the Id was conjugated to a
strongly immunogenic carrier protein, such as KLH, in a syngeneic mouse 38C13 B-cell
lymphoma model (Kaminski, et al 1987). The tumor protection with this formulation appeared
to be predominantly mediated by an antibody response. In 1996, Kwak and colleagues
demonstrated that administering low doses of GM-CSF significantly enhanced the potency of
the Id-KLH vaccine in the 38C13 lymphoma model and induced both an antibody response as
well as T-cell response, against the tumor (Kwak, et al 1996). In fact, the protective effect of
the Id-KLH+GM-CSF vaccine in this model was dependent on effector CD4+ and CD8+ T
cells. These encouraging preclinical studies provided the rationale to test the tumor idiotype
as a therapeutic vaccine in human B-cell non-Hodgkin lymphoma.

Development of idiotype vaccines: Clinical studies
The optimal clinical trial setting for testing a novel therapeutic cancer vaccine formulation may
not fit the traditional model developed for chemotherapy drug trials. For example, Phase I
safety studies in patients with terminal disease who are immunosuppressed – either from the
disease itself or from prior treatments with chemotherapeutic drugs – may not be optimal, as
the toxicity of a therapeutic vaccine would likely come from the immune response itself, which
may be impaired in such patients. Also, the immune responses induced by vaccination may be
better at eliminating minimal residual disease rather than bulky tumors. This may require
reducing the tumor burden by standard chemotherapy and allowing time for immunological
recovery prior to vaccination. In addition, one may need to choose different endpoints, such
as molecular remission rate and time to progression, rather than response rates. Due to these
reasons, the majority of clinical trials of idiotype vaccination in lymphoma were performed
after induction of clinical remission with standard chemotherapy. Another factor to consider
in the design of clinical trials with idiotype vaccines in B-cell lymphomas is the use of rituximab
in induction therapy. Administration of rituximab results in the depletion of both normal and
malignant B cells (Maloney, et al 1994; McLaughlin, et al 1998). Consequently, patients
treated with rituximab are unlikely to have peripheral blood B cells, and therefore, unlikely to
generate humoral immune responses following active immunotherapy. Furthermore, animal
studies have yielded conflicting results on the role of B cells in the priming of naïve T cells.
Some murine models suggest that B cells may inhibit the induction of T-cell dependent
immunity by competing with antigen-presenting cells for antigens, skewing the T-helper
response towards a TH2 profile, and/or inducing T-cell tolerance (Qin, et al 1998; Steinman,
et al 1991; Gajewski, et al 1991; Eynon, et al 1992; Bennett, et al 1998; El-Amine, et al
2000). Other experimental models, however, suggest B cells are necessary for priming, as well
as generation of CD4+ and CD8+ T-cell memory (Yang, et al 1998; Rivera, et al 2001; Van
Essen, et al 2000; Linton, et al 2000; Shen, et al 2003). Here, we describe the results of clinical
trials with idiotype vaccines, both when used as a single agent or following chemotherapy with
or without rituximab (Table 1).

Phase I/II clinical trials of idiotype vaccination after non-rituximab-based chemotherapy
Kwak and colleagues conducted the first human trial of idiotype vaccination in nine patients
with follicular lymphoma (Kwak, et al 1992). Patients induced into clinical remission with
chemotherapy were immunized with subcutaneous injections of autologous tumor-derived
idiotype protein conjugated with KLH and mixed with standard emulsion adjuvant (Syntex
adjuvant formulation 1 or SAF-1). The long-term results of this Phase I clinical trial showed
that 41% of the 41 patients ultimately treated on this trial developed an anti-Id antibody
response and 17% developed an anti-Id T-cell response (Hsu, et al 1997). Thirty-two patients
were in first remission and nine patients were in subsequent remission prior to vaccine
treatments. Of the 20 patients with residual disease following chemotherapy, two patients had
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complete regression of the tumor in association with the development of a specific immune
response. After a median follow-up of 5.3 years from last chemotherapy, the median duration
of freedom from disease progression was 4.4 years. Thus, this first clinical trial demonstrated
that Id-KLH+emulsion adjuvant vaccination was safe and induced an immune response against
the autologous tumor idiotype in the setting of minimal tumor burden after conventional
chemotherapy. However, it is important to recognize that convincing CD8+ T-cell responses
were not observed, and this single-arm trial was not designed to answer the question of clinical
efficacy.

Based on the preclinical observation that the addition of GM-CSF as an adjuvant to the vaccine
induced tumor-specific CD8+ T cells (Kwak, et al 1996), Bendandi and colleagues conducted
a Phase II clinical trial where 20 previously untreated follicular lymphoma patients received
an autologous tumor-derived Id-KLH+GM-CSF vaccine (in normal saline solution) following
induction of clinical remission with a uniform chemotherapy regimen [ProMACE (prednisone,
methotrexate, doxorubicin, cyclophosphamide, and etoposide) without methotrexate ie,
prednisone, doxorubicin, cyclophosphamide, and etoposide (PACE)] (Bendandi, et al 1999).
The vaccine was injected subcutaneously in 5 monthly doses starting approximately 6 months
after completing chemotherapy to allow time for immunological recovery. The vaccine was
well tolerated, with the main adverse effects being injection site reactions such as erythema,
induration, and pruritus. There were no autoimmune phenomena noted following the
vaccination.

As previously observed on the Phase I clinical trial, anti-KLH antibody and cellular responses
were induced in all patients. However, the humoral and cellular immune responses against
idiotype were seen in a higher percentage of patients. Anti-idiotype antibody responses were
induced in 15 out of 20 (75%) patients and Id-specific and/or tumor-specific CD4+ and
CD8+ T-cell responses were observed in 19 out of 20 (95%) patients (Bendandi, et al 1999).
Significant levels of HLA class I-restricted killing of autologous tumor targets were also
demonstrated, suggesting the induction of a cytotoxic CD8+ T-cell response. Interestingly, the
postvaccine T-cells lysed autologous tumor cells, but not the nonneoplastic, normal B cells
from the same patients, suggesting that they were tumor-specific (Bendandi, et al 1999).
Further characterization of anti-idiotype cellular immune responses demonstrated that the T
cells specifically recognized multiple unique immunodominant epitopes within the
hypervariable CDR regions, but not framework regions of the immunoglobulin heavy chain
(Baskar, et al 2004).

Monitoring of the patients for minimal residual disease showed that 8 out of 11 patients with
PCR-positive t(14;18) chromosomal translocation breakpoints converted to PCR negativity in
their blood immediately after completing vaccination and sustained their molecular remissions
for a median of 18+ months (range: 8+ to 32+ months) (Bendandi, et al 1999). Thus, these
results provided the first convincing evidence of an in vivo antitumor effect of Id vaccination.
Analysis of time to relapse also provided an independent indication of clinical benefit. With a
median follow-up of 9.2 years, median disease-free survival (DFS) was 8 years, and the overall
survival rate was 95% (Santos, et al 2005). While definitive statements cannot be made,
because this was not a randomized trial, the DFS appears superior to that of a historical,
ProMACE chemotherapy-treated control group (median DFS, about 2.2 years) (Longo, et al
2000). In conclusion, this phase II clinical trial demonstrated that idiotype vaccine when given
to a homogeneous group of patients, all in first complete remission (CR), can induce antitumor
CD8+ T-cell responses and molecular remissions.

Inoges et al recently evaluated the effects of Id-KLH+GM-CSF vaccination in 25 patients with
follicular lymphoma after induction of a second complete clinical response with
cyclophosphamide, doxorubicin, vincristine, prednisone (CHOP)-like chemotherapy (Inoges,
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et al 2006). An anti-Id antibody response was observed in 52% of the patients and anti-Id
cellular response was seen in 72% of the patients. Overall, 20 (80%) out of 25 patients had
either humoral or cellular anti-Id immune responses. The median duration of the second
complete response among the 20 immune responders was significantly longer than the median
duration of their first complete response and than the CHOP-induced second complete
response. In contrast, the median duration of the second complete response among the five
nonresponders was significantly shorter than their first complete response. Thus, this trial
independently confirmed the immunogenicity of the Id-KLH+GM-CSF vaccine in the setting
of minimal residual disease in patients with follicular lymphoma and also indicated that
vaccination may be associated with clinical benefit.

To enhance the potency of idiotype vaccination, Timmerman and colleagues evaluated
dendritic cells pulsed with Id or Id-KLH in 35 patients with follicular lymphoma (Hsu, et al
1996; Timmerman, et al 2002a). Ten relapsed patients with measurable lymphoma received
the vaccine alone and an additional 25 patients received the vaccine after first clinical remission
induced by cyclophosphamide, vincristine, prednisone (CVP)-like and/or CHOP
chemotherapy. Overall, 26% of the patients developed an anti-Id antibody response and 49%
developed an anti-Id T-cell response. Interestingly, among 18 patients with residual tumors at
the time of vaccination, 4 (22%) had tumor regression, and 16 of 23 patients (70%) remained
without tumor progression at a median of 43 months after chemotherapy. Although the Id-
pulsed dendritic cell vaccine was immunogenic and clinical tumor regressions were
demonstrated, a formal comparison is necessary to determine whether it is superior to Id-KLH
+GM-CSF vaccination, given the technical difficulties of generating dendritic cells for each
patient.

Timmerman and colleagues also evaluated naked DNA Id vaccination in a Phase I/II trial in
12 patients with follicular lymphoma (Timmerman, et al 2002b). The vaccine was administered
intramuscularly and intradermally following induction of remission with chemotherapy. The
vaccine was found to be safe and well-tolerated, however, the antitumor immune responses
were modest, and one patient had evidence of clinical tumor regression. Thus, while the DNA
vaccine has the potential to streamline the production of patient-specific Id vaccines, additional
preclinical studies are needed to further optimize the immunogenicity of this vaccine
formulation. In this regard, the potency of DNA vaccines could be enhanced in mouse models
by fusion of the idiotype variable genes to an adjuvant, such as a gene encoding fragment C
of tetanus toxin (King, et al 1998) or a proinflammatory chemokine moiety (Biragyn, et al
1999) or xenogeneic Fc fragment (Benvenuti, et al 2000 and 2001). Clinical trials using these
novel formulations are being planned.

Based on preclinical studies that showed incorporation of Id into liposomes along with IL-2
may be more potent than Id-KLH vaccine (Kwak, et al 1998), Neelapu and colleagues
conducted a Phase I trial to evaluate safety and immunogenicity of a liposomal Id/IL-2 vaccine
formulation in patients with follicular lymphoma treated into first clinical remission with PACE
chemotherapy (Neelapu, et al 2004). Antitumor T-cell responses were observed on all 10
patients treated on the study and anti-Id antibody responses were observed in 4 patients.
Moreover, postvaccine – but not prevaccine – T cells lysed autologous tumor cells. There was
no significant cytotoxicity against autologous normal B cells, suggesting that the lysis was
tumor-specific. The tumor-specific CD4+ and CD8+ T-cell responses were sustained 18 months
beyond the completion of the vaccination. After a median follow-up of 50 months, six of the
10 patients remained in continuous first complete remission, and another patient achieved a
sustained second complete remission following vaccination (Neelapu, et al 2004; Neelapu, et
al 2006).
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Phase II clinical trials of idiotype vaccination after rituximab-based
chemotherapy—The effects of rituximab-induced B-cell depletion on the immunogenicity
of idiotype vaccines were recently evaluated in a pilot clinical trial in patients with mantle cell
lymphoma (Neelapu, et al 2005b). Twenty-six previously untreated mantle cell lymphoma
patients received 6 cycles of dose-adjusted rituximab, etoposide, vincristine, doxorubicin,
cyclophosphamide, and prednisone (EPOCH-R), followed 12 weeks later with 5 monthly
cycles of autologous tumor-derived Id-KLH+GM-CSF vaccination. As expected, following
EPOCH-R, peripheral blood B cells were completely depleted in all patients, began to recover
at approximately 6 months, and returned to baseline levels by 1 year in most patients. In
contrast, CD4+ T-cell numbers decreased only slightly and recovered by the start of
vaccination, with a median time of 3 months; CD8+ T-cell numbers did not change
substantially.

Unexpectedly, despite rituximab administration, antibody responses against the carrier
molecule KLH and Id were detected in 17 out of 23 (74%) and 7 out of 23 (30%) evaluable
patients, respectively (Neelapu, et al 2005b). The humoral responses were delayed and
correlated with B-cell recovery, with most detected after the fourth or fifth vaccination,
compared with after the first or second vaccinations in the follicular lymphoma study in which
rituximab was not administered (Neelapu, et al 2006). Additionally, in several patients,
humoral responses were delayed 4 to 10 months after the last vaccination, suggesting that
priming may occur at low B-cell levels, whereas detectable antibody titers required adequate
B-cell expansion. In contrast, vigorous CD4+ and CD8+ antitumor and KLH T-cell responses
were not delayed and were induced in 20 out of 23 (87%) and 23 out of 23 (100%) patients,
respectively, in the absence of circulating B cells (Neelapu, et al 2005b) suggesting that
professional antigen-presenting cells such as dendritic cells may effectively present antigens
to T cells in the absence of B cells.

Among the 26 patients, EPOCH-R produced complete and partial remissions in 92% and 8%
of patients, respectively; all but one remission were maintained at least to the start of
vaccination. With a median potential follow-up of 46 months, overall survival probability was
89%, median event-free survival was 22 months, and five patients remained in continuous first
complete remission (Neelapu, et al 2005b). Despite a high remission rate and induction of
tumor-specific T-cell responses in 87% of the patients, most patients relapsed. Analysis of
relapsing tumors revealed no mutations or changes in expression of the idiotype to explain its
escape from therapy (Neelapu, et al 2005b). However, other potential reasons for tumor escape
include inadequate induction of T cells with high avidity or frequency, inadequate T-cell
trafficking to tumor sites, secretion of immunosuppressive factors by tumor cells, and/or the
development of other tumor escape mechanisms such as downregulation or loss of MHC
molecules. Additionally, some clinical studies suggest that antitumor humoral responses may
be important, and these were only observed in 30% of patients (Hsu, et al 1997; Weng, et al
2004). Moreover, the antibody titers against KLH and the idiotype fell from their peak levels
over time in 15 out of 17 (88%) and 6 out of 7 (86%) patients with a positive antibody response,
respectively (Neelapu, et al 2005b), suggesting that continued late vaccination may be
therapeutically beneficial. Nevertheless, the overall survival of 89% at 46 months raises the
intriguing possibility that idiotype vaccination modified the natural history of mantle cell
lymphoma.

Recently, Koc et al reported their experience with Id-KLH+GM-CSF vaccination after single
agent rituximab induction in 89 patients with treatment naïve or relapsed/refractory follicular
lymphoma (Koc, et al 2005). Anti-Id and anti-KLH T-cell responses were observed in 80%
and 86% of evaluated patients, respectively, and were seen after a median of 2 doses of Id/
KLH. Likewise, antibody responses to Id and KLH were seen in 13% and 69% of evaluated
patients, respectively, and developed after a median of 5 to 6 doses of Id/KLH. More
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interestingly, the overall response rate improved to 63% after combined rituximab and Id-KLH
+GM-CSF treatment, as compared with 47% at 3-month follow-up after rituximab therapy.
Taken together, these two studies indicated that anti-tumor T-cell responses could be generated
by idiotype vaccination when administered in the setting of B-cell depletion induced by
rituximab. Furthermore, antibody responses against Id appear to be delayed but may be
observed in a smaller percentage of patients.

Phase I/II clinical trials of idiotype vaccination as a single agent
The efficacy of idiotype vaccination as a single agent, without administration of cytoreductive
therapy, was evaluated in two clinical trials. In a Phase II clinical trial, Redfern et al treated 32
patients with relapsed indolent non-Hodgkin lymphoma with 6 monthly doses of Id-KLH+GM-
CSF vaccine followed by booster injections until disease progression (Redfern, et al 2006).
Six (67%) of nine patients tested demonstrated a cellular immune response, and four (20%) of
20 patients demonstrated antibody responses against their Id. Responses were observed in 4
of 31 evaluable patients (one complete response and three partial responses – 12.9%). Median
time to onset of response was 5.9 months (range, 2.3 to 14.1 months). Median duration of
response was not reached, but was at least 19.4 months (range, 10.4 to 27.2+ months). Median
time to progression was 13.5 months.

Bertinetti et al recently reported a Phase I trial where they evaluated recombinant idiotype Fab
fragments expressed in Escherichia coli in 18 patients with previously treated advanced B-cell
malignancies (Bertinetti, et al 2006). The vaccine was administered intradermally, mixed with
a lipid-based adjuvant, MF59, and given in combination with GM-CSF subcutaneously at the
same location. The vaccine was fairly well-tolerated. Five of 17 (29%) evaluable patients
developed anti-Id antibodies and eight (47%) developed anti-Fab T-cell responses. Clinical
outcome was difficult to assess on this study due to the heterogeneity of the patient population.

Phase III clinical trials of idiotype vaccination after cytoreductive therapy
The strong immunogenicity and the induction of clinical and molecular remissions with Id-
KLH+GM-CSF vaccine in the setting of low tumor burden or minimal residual disease
prompted the initiation of three randomized double-blind placebo-controlled multicentre
clinical trials to definitively answer the question of clinical benefit induced by idiotype
vaccination (Fig 3). The first Phase III trial was initiated by the National Cancer Institute,
National Institutes of Health (Bethesda, Maryland, USA) and is currently sponsored by Biovest
International, Inc (Worcester, MA, USA) (Neelapu, et al 2005a). This trial was designed
similarly to the Phase II trial (Bendandi, et al 1999) wherein previously untreated advanced-
stage follicular lymphoma patients initially underwent an excisional lymph node biopsy and
were treated into clinical remission with a PACE or CHOP-Rituximab (CHOP-R)
chemotherapy regimen. Patients who achieve a CR or CRu (complete response unconfirmed)
are randomized in a 2:1 manner, either to the specific vaccination arm of Id-KLH+GM-CSF
or the nonspecific vaccination arm of KLH+GM-CSF. The primary endpoint for this trial is to
compare the DFS between the two arms. The other two Phase III trials that evaluate idiotype
vaccines in patients with follicular lymphoma differ primarily in terms of the induction therapy
and the method of idiotype production. The Genitope Incorporated (Redwood City, CA, USA)-
sponsored trial uses CVP chemotherapy (Vose, 2006), and the Favrille Incorporated (San
Diego, CA, USA)-sponsored trial uses single agent rituximab (Hurvitz, et al 2005). Moreover,
while only CR and CRu patients are vaccinated on the Biovest study, CR, CRu, and partial
response (PR) patients are vaccinated on the Genitope trial, and CR, CRu, PR and stable disease
(SD) patients are vaccinated on the Favrille trial. As opposed to the hybridoma method in the
Biovest study, the Genitope and Favrille trials use recombinant DNA technology for production
of the idiotype protein. In all trials, the idiotype protein is conjugated to KLH, and GM-CSF
is used as an adjuvant. The results of interim and/or final analyses from these trials are expected
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within the next year, and it remains to be seen whether the idiotype vaccines can induce
clinically meaningful benefits in patients with minimal residual disease (Biovest study) and/
or patients with low tumor burden (Genitope and Favrille studies).

Mechanism of antitumor effects following idiotype vaccination
While some murine lymphoma models have demonstrated that the antitumor efficacy of
idiotype vaccine is dependent on the induction of an antibody response (Cesco-Gaspere, et
al 2005, Kaminski, et al 1987; Timmerman, et al 2000; Timmerman, et al 2001), other
lymphoma models have shown that protection against tumor challenge or eradication of
established tumors requires a CD4+ and/or a CD8+ T-cell response (Kwak, et al 1996; Levitsky,
et al 1996; Kwak, et al 1998). A recent analysis of 136 patients with follicular lymphoma
treated with idiotype vaccination showed that the induction of specific anti-Id antibody
responses was associated with significantly prolonged progression-free survival (PFS) (Weng,
et al 2004). This study also demonstrated that patients with a favourable FCGR3A
polymorphism that predicts stronger binding of the Fc of antibodies to effector cells had a
longer PFS. Thus, patients with FCGR3A 158 valine/valine (V/V) genotype had a longer PFS
than those with valine/phenylalanine (V/F) or phenylalanine/phenylalanine (F/F) genotypes.
In contrast, no significant correlation was observed between the development of a cellular anti-
Id immune responses and PFS. However, it is possible that this study may have underestimated
the value of an antitumor T-cell responses for several reasons. First, cellular responses on this
study were measured by a T-cell proliferation assay, which is relatively less sensitive,
compared with newer assays such as enzyme-linked immunosorbent spot assay and cytokine
flow cytometry (Keilholz, et al 2002). Second, the proliferation assay detects primarily a
CD4+ T-cell response and may fail to detect a CD8+ T-cell response. Third, immunological
assays that demonstrate recognition of the native tumor (tumor-specific) may be more clinically
relevant to assessing T-cell responses following cancer vaccination, compared with assays that
demonstrate recognition of tumor antigens presented on appropriate antigen-presenting cells
(antigen-specific) (Malyguine, et al 2004). Fourth, 86 out of 136 (63%) patients on this study
received a chemical adjuvant with the idiotype vaccine that predominantly induced a humoral
immune response (Kwak, et al 1992; Hsu, et al 1997). In contrast, idiotype vaccine
formulations using dendritic cells (Hsu, et al 1996; Timmerman, et al 2002a) or cytokines such
as GM-CSF (Bendandi, et al 1999; Neelapu, et al 2005b; Koc, et al 2005; Redfern, et al
2006; Inoges, et al 2006) or IL-2 (Neelapu, et al 2004) as adjuvants significantly enhanced the
induction of cellular immune responses. Finally, FCGR3A polymorphisms did not appear to
correlate with response rate or time to progression when Id-KLH+GM-CSF vaccine was
administered following rituximab induction (Maloney, et al 2007).

Several reports in the literature suggest that T-cell responses could induce tumor regression
independent of a humoral response following idiotype vaccinations. Following Id-pulsed DC
vaccinations, 5 follicular lymphoma patients had clinical tumor regression with the induction
of a T-cell response, but without an antibody response (Hsu, et al 1996; Timmerman, et al
2002a). Similarly, following Id-KLH+GM-CSF vaccination, 3 patients achieved molecular
remissions without a detectable antibody response, suggesting that cell-mediated antitumor
immune responses are important for vaccine efficacy (Bendandi, et al 1999). Clinical tumor
regression was also observed in a follicular lymphoma patient after administration of liposomal
Id/IL-2 vaccine (OncoVAX-Id/IL-2) in the absence of an antibody response (Neelapu, et al
2004; Neelapu, et al 2006). Moreover, Nelson et al demonstrated that the precursor frequency
of tumor-specific cytotoxic T lymphocytes correlated with freedom from progression
following idiotype vaccination (Nelson, et al 1996). Taken together, these results suggested
that T-cell responses could induce tumor regression independent of a humoral response.
Furthermore, the two studies performed after rituximab-based induction therapy (Neelapu, et
al 2005b; Koc, et al 2005) suggested that idiotype vaccination may be administered as early
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as 3 months after completion of rituximab-based therapy to induce antitumor T-cell responses.
However, because the relative role of cellular versus humoral immunity for vaccine efficacy
is uncertain, it may be advisable to administer booster vaccinations following B-cell recovery
to optimize humoral responses.

Other lymphoma vaccine formulations
Although idiotype vaccination is immunogenic, and the results of early-phase clinical trials
are encouraging, one of the major drawbacks of such vaccination is the requirement to generate
a custom-made product for each patient, by a process that is expensive, laborious, and time-
consuming. Therefore, novel lymphoma vaccine formulations that can be produced rapidly are
needed. As mentioned earlier, using DNA vaccines instead of idiotype protein vaccines is one
potential option. Another alternative for streamlining the production of individualized tumor
vaccines is to directly extract membrane proteins from the tumor cells and incorporate them
into liposomes along with IL-2 as an adjuvant to produce membrane-patched proteoliposomes
(MPL) (Popescu, et al 2007). Such MPL vesicles may have IL-2, Id, and other unrecognized
tumor-associated antigens. Testing in a mouse lymphoma model showed this formulation to
be at least as potent as the prototype Id protein vaccine in inducing tumor protection (Popescu,
et al 2007). The major advantage of the MPL vaccine is that it would circumvent the expensive
and time-consuming steps of preparing Id protein vaccines by hybridoma or recombinant DNA
technologies. Manufacturing such a vaccine would require only 24 hours after an excisional
biopsy, and the vaccine would be ready for administration immediately following standard
release and sterility testing.

In a pilot clinical trial, this novel membrane proteoliposomal vaccine was safe, induced
autologous tumor-specific type 1 cytokine responses in 5 out of 10 advanced-stage follicular
lymphoma patients, and was associated with induction of a sustained complete response in one
patient when used as single agent (Neelapu, et al 2007). Other patients had large tumor burdens
and progressed after a median duration of 8 months. Due to the use of total membrane proteins
as antigenic material in the vaccine formulation, there was a potential risk of inducing immune
responses against normal proteins, and thus, autoimmunity. However, there was no clinical or
laboratory evidence of autoimmunity observed in any patient on this trial. Although this novel
vaccine formulation requires the generation of a custom-made product for each patient, it offers
several advantages over patient-specific idiotype vaccines. First, this formulation can be
produced rapidly within a single day in contrast to the 2 to 6 months required to manufacture
idiotype vaccines for each patient. Second, in addition to the membrane idiotype protein, this
vaccine formulation may induce immune responses against other unrecognized tumor-
associated antigens. Finally, this novel formulation may serve as a model for vaccine
development against other human malignancies, including certain leukemias, lymphomas, and
solid tumors where tumor-associated antigens have not been defined. The encouraging results
in this pilot study of follicular lymphoma patients with bulky disease suggests that additional
testing of this formulation may be warranted, particularly in the setting of low tumor burden
or minimal residual disease.

Other individualized novel tumor vaccine formulations in development for non-Hodgkin
lymphomas include GM-CSF transduced tumor/bystander cells (Dessureault, et al 2007),
CD40 activated tumor cells (Wierda, et al 2000), T-cell receptor vaccines (Lambert, et al
2004), tumor lysate-pulsed dendritic cells (Maier, et al 2003), and tumor-derived heat shock
protein peptide complexes (Oki, et al 2007). However, similar to idiotype protein vaccination,
these vaccine formulations also require generating custom-made product for each patient and
therefore may limit the broad applicability of this approach. Identification of universally
expressed lymphoma-specific antigens will be necessary in the future to develop vaccine
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formulations that can be used in all lymphoma patients and are therefore easier and less costly
to produce.

Future directions
In summary, results from several Phase I/II studies in patients with B-cell non-Hodgkin
lymphoma suggest that idiotype vaccines are immunogenic and may be associated with
improved PFS or DFS when administered in the setting of low tumor burden or minimal
residual disease, respectively. Definitive results to confirm clinical benefit are expected within
the next year from ongoing Phase III trials. However, to induce objective responses in patients
with bulky tumors enhancement of the potency of lymphoma vaccines is needed. With the
increased use of rituximab for the treatment of B-cell non-Hodgkin lymphomas, improvement
in the potency of the lymphoma vaccines would require strategies to enhance the T-cell
responses since humoral responses are impaired in these patients. Recent studies in animal
models suggest that the T-cell immune responses against foreign or self-antigens are regulated
by several immunoregulatory pathways and/or peripheral tolerance mechanisms (Zou, et al
2005). Therefore, disruption of the immunoregulatory pathways such as CD4+CD25+

regulatory T cells (Tregs), cytotoxic T lymphocyte-associated antigen (CTLA)-4, programmed
cell death 1 (PD-1), B7-H1, and B7-H4 that modulate the magnitude and duration of the T-cell
immune responses may enhance the potency of cancer vaccines. Data in the literature suggests
that these regulatory pathways may be important in B-cell lymphomas. For example, Tregs
appear to be actively recruited into the tumor microenvironment and inhibit the function of
intratumoral CD4+ and CD8+ T cells (Yang, et al 2006; Yang, et al 2006). In a pilot clinical
trial, administration of anti-CTLA-4 monoclonal antibody was associated with regression of
tumors in patients with lymphoma (O'mahony, et al 2007). The inhibitory receptor PD-1
appears to be markedly upregulated on intratumoral and peripheral blood T cells and associated
with impaired T-cell function in patients with follicular lymphoma (Nattamai, et al 2007). In
several animal models, depletion of CD4+CD25+ Tregs or blockade of CTLA-4, PD-1 or B7-
H1 led to improved tumor control (Sutmuller, et al 2001; Iwai, et al 2002; Iwai, et al 2005).
In humans, depletion of Tregs with denileukin diftitox significantly enhanced vaccine induced
or endogenous antitumor immunity in renal cell cancer and ovarian cancer patients,
respectively (Dannull, et al 2005; Barnett, et al 2005). Taken together, these preclinical and
early phase clinical results support the evaluation of combination immunotherapy strategies in
future with the cancer vaccine to stimulate an antitumor T-cell response and the simultaneous
suppression of immune regulatory pathways to augment the induced T-cell response. The
existence of multiple immune regulatory pathways necessitates systematic evaluation of these
approaches in clinical trials to determine the optimal combination immunotherapy regimen.
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Figure 1. Idiotype
The idiotype refers to the unique amino acid sequences within the complementarity
determining regions (CDR) of the variable regions of the heavy and light chains of the surface
immunoglobulin expressed on B-cell malignancies. IGHV – variable region of heavy chain;
IGLV – variable region of light chain; CH – constant region of heavy chain; CL – constant
region of light chain.
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Figure 2. Schema for idiotype vaccine generation
The idiotype may be used as either protein or DNA in therapeutic vaccines. In the traditional
rescue hybridization technique, the idiotype protein is produced by fusing the lymphoma cells
with mouse myeloma cells to generate Id-secreting hybridomas. For recombinant idiotype
protein production, the variable regions of the heavy (IGHV) and light (IGLV) chains of the
tumor immunoglobulin (Ig) are cloned by polymerase chain reaction and inserted into plasmid
or viral vectors for expression of idiotype proteins in cell lines, tobacco plants, or Escherichia
coli. For idiotype DNA vaccination, the IGHV and IGLV of the tumor immunoglobulin are
cloned and inserted into a plasmid vector for naked DNA injection.
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Figure 3. Schema for Phase III idiotype vaccine clinical trials
In all three Phase III clinical trials, the patients initially undergo a biopsy to obtain tissue for
vaccine production. Patients then receive induction therapy and are randomized in a 2:1 or 1:1
manner in favour of the experimental arm. The similarities and differences between the three
trials are shown. NCI – National Cancer Institute; q 3w – every 3 weeks; FNA – fine needle
aspiration; PD – progressive disease; DFS – disease-free survival; PFS – progression-free
survival; TTP – time to progression.
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