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Abstract: The ideal tumor antigen is one expressed selectively by the tumor, present in all cancer patients, essential 
for tumor survival and nonetheless able to induce both humoral and cellular immune response. The personalized 
idiotype (Id) of the surface immunoglobulin is a tumor specific antigen in that it is expressed on clonal B-cell tumors, 
mediates B-cell survival, and induces tumor specific immunity in both human and animal models. With the availabil-
ity of monoclonal antibodies against B cells, such as rituximab, the cellular immune response mediated by specific 
T cells has gained more importance as a combination therapy for the complete elimination of residual tumor cells 
in lymphoma and myeloma.
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Introduction

Immunoglobulin molecules are composed of 
heavy and light chains, which possess highly 
specific variable regions at their amino termini. 
The variable regions of heavy and light chains 
combine to form the unique antigen-recogni-
tion site of the Ig protein. Since the clonal B-cell 
tumor only expresses one type of immunoglob-
ulin, the idiotypic determinants expressed by 
B-cells malignancies can serve as unique tu- 
mor-specific antigens. Previous studies in hu- 
man and animal models have demonstrated 
idiotype vaccines can increase the capability of 
the immune system to fight residual disease 
and prolong the duration of chemotherapy-in- 
duced clinical remission [1-3].

A major limitation of an idiotype vaccine is the 
requirement for a custom-made product for ea- 
ch patient making the manufacturing of the 
vaccine expensive, laborious and time consum-
ing. To overcome these difficulties, identificati- 
on of novel lymphoma-associated antigens that 
are shared between patients and universally 
expressed in multiple B-cell malignancies is 
necessary [4].

This review will update the achievements, ad- 
vantages, and barriers to the development of 

idiotype vaccines as standard of care for lymph- 
oma treatment.

Pre-clinical optimization

As one of the earliest tumor specific antigens 
discovered in 1970s [1, 5], idiotype protein was 
demonstrated to induce strong humoral im- 
mune responses, as anti-idiotype antibodies co- 
uld easily be detected in vaccinated animals or 
patients [2]. Immune responses induced by 
idiotype vaccines are likely to be polyclonal, dir- 
ected against multiple epitopes of a candidate 
tumor antigen and have immunological memory 
[6].

Because the idiotype protein alone is a weak 
antigen, in order to induce a strong immunoge- 
nic responses, keyhole limpet hemocyanin 
(KLH) has been used as a carrier. KLH is an 
oxygen-carrying respiratory protein obtained fr- 
om a marine mollusk Megathura crenulata. 
KLH has large size and numerous epitopes that 
can generate a substantial immune res- 
ponse. The abundant lysine residues in KLH 
allow a high hapten carrier protein ratio to in- 
crease the likelihood of generating epitope-spe-
cific antibodies. Kwak, working in the laboratory 
of Levy at Stanford University, observed that 
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the 38C13 idiotype protein (38C-Id), coupled to 
KLH and administered with an adjuvant, induce 
strong antitumor immunity in mice. Animals 
that were immunized with 38C-Id after 3 weeks 
recuperation and challenged with 1000 38C13 
tumor cells 2 weeks later demonstrated signifi-
cantly longer survival when compared to con-
trol animals which had been immunized with an 
irrelevant idiotype protein [7]. Anti-38C-Id anti-
bodies, implicated in the mechanism of idiot-
ype induced anti-tumor immunity in this model, 
were detectable after immunization at both 3 
and 5 weeks. Interestingly, however, there was 
no significant correlation between serum anti-
body levels and survival of individual mice. Asi- 
de from KLH, anti-CD40 antibody and maleimi- 
de were also used as carriers with idiotype vac-
cine to induce a strong immune response in 
patients [8, 9]. 

In the late 1990s, there was more and more 
evidence demonstrating that T-cell mediated 
cellular immunity played an important role in 
the clearance of residual tumor cells after st- 
andard therapy, and low-dose granulocyte-
macrophage colony-stimulating factor (GM-CS- 
F) was added to the idiotype vaccine formula-
tion. GM-CSF is a strong inducer for the recruit-
ment of antigen presenting cells (APCs), includ-
ing dendritic cells to the tumor site, which stim-
ulate T-cell mediated immunity by cross-pre-
sentation. In 1996, Kwak demonstrated that idi- 
otype vaccine, conjugated with KLH, adminis-
trated together with GM-CSF at the vaccine 
site, significantly enhanced protective antitu-
mor immunity. This effect was critically depen-
dent upon effector CD4+ and CD8+ T cells and 
was not associated with any increased anti-
idiotypic antibody production. Lymphocytes fr- 
om spleens and draining lymph nodes of mice 
primed with Id-KLH plus GM-CSF, but not with 
Id-KLH alone demonstrated significant prolifer-
ation to Id in vitro without any biased produc-
tion of interferon gamma or interleukin 4 pro-
tein or mRNA. 50% of mice immunized with 
Id-KLH plus GM-CSF on the same day remained 
tumor-free at day 80, compared with 17% for Id- 
KLH alone, when immunization was combined 
with cyclophosphamide. Taken together, these 
results demonstrated that GM-CSF could sig-
nificantly enhance the immunogenicity of a de- 
fined self-antigen and that this effect is medi-
ated exclusively by activating the T-cell arm of 
the immune response [10].

Clinical translation

Translation of the finding from the murine 
model led to the first human trial conducted in 
40 patients with follicular lymphoma using idio-
type vaccination [11]. Patients were selected 
for minimal residual disease or complete remis-
sion status after chemotherapy. The immuno-
globulin-idiotype protein was conjugated with 
KLH and the vehicle component of SAF-1 (Sy- 
ntex adjuvant formulation 1) described by 
Allison and Byars [12]. This trial demonstrated 
the efficacy, feasibility and safety of Id-KLH+ 
emulsion adjuvant to induce immune respons-
es against the autologous tumor Id.

Based on the induction of tumor-specific CD8+ 
T cell in a preclinical study adding GM-CSF as 
adjuvant, a Phase II clinical trial was conducted 
at the National Cancer Institute by the Kwak 
laboratory in which an autologous tumor-
derived Id-KLH+GM-CSF vaccine was adminis-
tered to 20 patients. The vaccine was injected 
subcutaneously in 5 monthly doses approxi-
mately 6 months after chemotherapy to allow 
time for immunological recovery. No major 
adverse effects were detected except for a 
local erythema, induration and pruritus in the 
area of injection. The results of this phase II 
clinical trial confirmed and extended the results 
obtained in the Phase I: 75% of patients (15/20) 
had anti-idiotype antibody response and 95% 
of patients (19/20) had Id-specific and/or 
tumor specific CD4+ and CD8+ T-cell responses 
[13]. Minimal residual disease eradication was 
observed by monitoring for the t(14;18) chro-
mosomal translocation breakpoints in the 
peripheral blood which were monitored using a 
nested PCR assay in a period of time between 
8 and 32 months. It was found that 8 of 11 
patients with detectable translocations in their 
primary tumors had cells from the malignant 
clone detected in their blood by PCR both at 
diagnosis and after chemotherapy, and con-
verted to undetectable cells in their blood from 
the malignant clone after vaccination and sus-
tained their molecular remissions. Tumor-
specific cytotoxic CD8+ and CD4+ T cells were 
uniformly found (19 of 20 patients), whereas 
antibodies were detected, but apparently were 
not required for molecular remission. 
Vaccination was thus associated with clear-
ance of residual tumor cells from blood and 
long-term disease-free survival. The demon-
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stration of molecular remissions, analysis of 
cytotoxic T lymphocytes against autologous tu- 
mor targets, and the addition of granulocyte-
monocyte colony-stimulating factor to the vac-
cine formulation provide principles relevant to 
the design of future clinical trials of other can-
cer vaccines administered in a minimal residual 
disease setting [14].

Other independent clinical trials confirmed the 
effects of Id-KLH+GM-CSF vaccination. For exa- 
mple in 25 patients with follicular lymphoma 
achieving a second complete clinical response, 
80% (20/25) of the patients showed a vaccine-
induced idiotype- and/or tumor-specific immu- 
ne response. Thirteen (52%) out of 25 patients 
showed a specific humoral response mounted 
after two to four vaccinations. Furthermore, 18 
of 25 (72%) patients developed a specific cel-
lular response [15]. Again the finding confirmed 
the immunogenicity of the Id-KLH+GMCSF vac-
cine in a minimal residual disease setting, after 
chemotherapy in patients with follicular lym-
phoma. In another Phase II clinical trial, Redfern 
et al. treated 32 patients with relapsed indolent 
non-Hodgkin lymphoma to study the efficacy of 
idiotype vaccine as a single treatment agent. 
Nine patients have been tested and six of them 
showed a cellular immune response and 4/20 
-20%- responded against their own Id [16].

The availability of monoclonal antibodies has 
raised the question of whether the idiotype vac-
cine could be used to complement rituximab-
based chemotherapy. Rituximab depletes ma- 
lignant and normal B cells and thus impairs the 
generation of antibody due to vaccination. A 
phase II clinical trial was designed by the Kwak 
laboratory at NCI to investigate the capability of 
Id-vaccine to raise tumor-specific immunity de- 
spite the severe B-cell depletion due to ritux-
imab-based chemotherapy in 23 previously un- 
treated mantle cell lymphoma patients. Starting 
from three months after 6 cycles of DA-EPO- 
CH-R, 5 monthly cycles of autologous tumor-
derived Id-KLH+GM-CSF vaccination were ad- 
ministered. B-cell repertoire began to recover 
after 6 months to baseline levels in about 1 
year. Although rituximab had depleted the pe- 
ripheral blood B cells, antibody response ag- 
ainst the carrier molecule KLH and Id were 
detected in 17/23 (74%) and 7/23 (30%) evalu-
able patients, respectively. Interestingly CD4+ 
and CD8+ response against the tumor and 
against Id were induced in 20/23 (87%) and 
23/23 (100%) respectively. These results show 

that severe B-cell depletion does not impair 
T-cell priming in humans. Based on these re- 
sults, it is justifiable to administer vaccines in 
the setting of B-cell depletion; however, vaccine 
boosts after B-cell recovery may be necessary 
for optimal humoral responses [17].

The successful results from these Phase I/II tri-
als with Id-KLH+GM-CSF formula led to the ini-
tiation of three randomized double-blind place-
bo-controlled multicenter clinical trials to ad- 
dress the question of the clinical benefit in- 
duced by idiotype vaccination.

The first phase III clinical trial was started in 
January 2000 at the NCI and then expanded to 
17 centers in the US and Europe under spon-
sorship of Biovest International. The primary 
objective of this prospective randomized dou-
ble-blind controlled trial was to determine 
whether Id vaccination is able to prolong the 
disease free survival (DFS) in FL patients in a 
durable CR/CRu after chemotherapy. 117 
patients with follicular lymphoma were random-
ized; 76 patients - to receive - Id-KLH+GM-CSF 
(BiovaxId) and 41 patients - not to receive 
KLH+GM-CSF (control) vaccination. The Id pro-
tein was successfully produced and manufac-
tured by heterohybridoma technology in 71 
(93%) of 76 patients assigned to receive Id vac-
cine. Five patients who were assigned to the 
experimental arm received KLH+GM-CSF 
because Id protein could not be produced. For 
the 117 patients who received at least one 
blinded vaccination, the median disease free 
survival (DFS) was significantly prolonged in the 
Id- vaccine arm compared with the control arm. 
After a median follow-up of 56.6 months, the 
median DFS was 44.2 months for the Id- vac-
cine randomized group and 30.6 months for 
the control (p=0.045). Among patients receiv-
ing IgM-Id vaccine the median time to relapse 
after randomization was 52.9 months versus 
28.7 months in IgM tumor isotype control-treat-
ed patients. These results demonstrate that 
the patient-specific Id-protein vaccine signifi-
cantly prolonged DFS compared with the con-
trol vaccine [18].

The Genitope sponsored trial used CVP chemo-
therapy regimen (cyclophosphamide, vincris-
tine and prednisone), enrolled complete resp- 
onse and partial response patients, and used 
recombinant DNA technology for production of 
idiotype protein. Eligible patients were random-
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ized to receive Id-KLH+GM-CSF or control vac-
cine (KLH-GM-CSF) in a 2:1 ratio for 6 months 
after completion of eight cycles of CVP. Seven 
immunization cycles were administered over 
24 weeks. 278 out of 287 randomized patients 
showed specific anti-Id antibody response. No 
statistical difference in term of progression 
free survival was observed between the two 
arms [19].

The third phase III clinical trial sponsored by 
Favrille investigated the efficacy of recombi-
nant Id-KLH vaccination after treatment with 
rituximab. Previously untreated and relapsed/
refractory FL patients in complete remission, 
partial response or stable disease 2 months 
after a standard 4-week course of rituximab 
were randomized 1:1 to receive Id-KLH plus 
GM-CSF or control (Placebo+GM-CSF) vaccine. 
Patients were immunized six times monthly, 
then six times every other month and finally 
every 3 months until disease progression. The 

immunoglobulin (idiotype or Id). Supernatant - 
containing idiotype - is collected and purified by 
affinity chromatography and conjugated to KLH 
carrier protein, resulting in a finished protein 
vaccine that can be shipped and administered 
to patients. In the Phase III clinical trial, there 
was a 95% manufacturing success rate of vac-
cine production. However, this individual prepa-
ration of the vaccine is laborious and time con-
suming. Recently, recombinant DNA technology 
has been used to generate idiotype proteins 
with the purpose of shortening the vaccine pro-
duction time. In the recombinant approach, the 
variable regions of the heavy (VH) and light (VL) 
chains of the tumor immunoglobulin are cloned 
by polymerase chain reaction (PCR) and then 
inserted into an expression vector for the pro-
duction of the idiotype protein either in mam-
malian cells, insect cells, tobacco plants or 
Escherichia coli [4, 20, 21]. This new approach, 
although faster than the traditional hybridoma 

Figure 1. Identification of HLA A2 restricted idiotype shared T-cell epi-
topes in lambda chain. A. IFN-γ ELISA assay of shared peptide stimu-
lated T cells. B. Summary of shared percentage of HLA A2 restricted 
idiotype peptides.

primary efficacy endpoint was time 
to progression. After a median fol-
low-up of 40 months, the Favrille-
sponsored trial showed no improve-
ment in time to progression for the 
vaccine when compared with the 
control arm [1].

There are many differences in the 
clinical trials described above which 
account for the difference in results. 
The Biovest-sponsored trial faithful-
ly reproduced the Phase II design 
and included only patients in com-
plete remission whereas the Geni- 
tope-sponsored trial included pati- 
ents in partial response, and the 
Favrille-sponsored trial included pa- 
tients in partial and stable disease. 
Furthermore, choosing a doxorubi-
cin-containing chemotherapy regi-
men most likely resulted in a higher 
chance of having patients achieving 
complete remission in the BiovaxId 
trial.

Identification of shared T-cell epit-
opes in idiotype antigens

The traditional method to manufac-
ture idiotype vaccines involves the 
use of mouse/human heterohybrid-
oma in order to induce the secretion 
of a large amount of tumor derived 
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approach, still takes approximately 2 months to 
manufacture a vaccine for each patient.

Recently, our group has found that the Ig light 
chain v-region, as well as the idiotype heavy 
chain, contain important T cell epitope for T cell 
stimulation. Moreover, we have found idiotype 
light chain T cell epitopes that are shared by 
patients. 14 novel T cell epitopes from lambda 
light chains of myeloma tumor cells and prima-
ry lymphoma tumors could be used to generate 
68 CTLs from ten HLA A2+ normal donors, indi-
cating the immunogenicity of lambda light 
chain peptides. Importantly, about 30% of lym-
phoma patients with lambda chain express at 
least one of these 14 epitopes we identified 
and T cells stimulated by a shared epitope 
lysed the tumor cells expressing the same epit-
ope and MHC allele, but not tumors expressing 
irrelevant Ids, or the respective patients’ PB- 
MCs, suggesting a novel strategy to overcome 
the individual preparation of idiotype vaccine 
[22]. In our continued efforts to find shared epi-
topes in idiotype light chains we have identified 
2 additional HLA A2 restricted T cell epitopes in 
lambda chain, which have significantly incre- 
ased the coverage of HLA 2 patients with lamb-
da chain from 30% to 51% (Figure 1).

Moreover, according to the literature, HLA A1 
and HLA A3 are represented in about 20 to 
25% of the Caucasian population [23]. In our 
effort to characterize shared T cell epitope in 
idiotype in other HLA alleles, we have identified 
four HLA A3 and 2 HLA A1 restricted T cell epit-
opes from idiotype lambda light chain that are 
shared by 20% and 25% of patients with HLA 

A3 or HLA A1 allele, respectively. The T cells 
stimulated by HLA A3 or HLA A1 peptides se- 
creted a large amount of IFN-γ when incubated 
with autologous PBMCs loaded with HLA A3 or 
HLA A1 peptide, indicating the same strategy 
can be applied to all MHC alleles (Figure 2). 

Future directions

Adoptive T cell transfer has been found to be an 
effective immunotherapy in a variety of clinical 
trials of both solid and hematologic cancers 
[24-26]. Compared to active immunization, ad- 
optive T cell transfer has several advantages. 
First: adoptive T cell transfer does not require 
full integrity of the immune system of the recipi-
ents. Second, the adoptive transferred T cells 
can be selected by function and phenotypes 
prior to the adoptive transfer. Lastly, the avail-
ability of varied cytokines has made possible 
the in-vitro expansion of T cells to large scale. 
Recent studies of adoptive transfer with autolo-
gous T cells transferred with TCRs against MA- 
RT-1, gp100, NY-ESO-1, and CEA tumor specific 
antigens have demonstrated significant tumor 
growth inhibition in melanoma, prostate carci-
noma, colorectal cancer, and kidney cancer, 
confirming the promising therapeutic effect of 
this technique [27-33]. Compared to the chime-
ric antigen receptors (CARs) technology, TCR 
technology has unique advantages in that it 
can recognize intracellular tumor antigens, ha- 
ve higher binding affinity to peptide-MHC allele, 
and retain integral T cell activation signaling pa- 
thways [34, 35]. The identification of shared 
T-cell epitopes in the idiotype protein provides 
a basis for the future development of either an 
off-the-shelf vaccine or TCR-based adoptive T 
cell therapy. 
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