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Abstract: Idiotypes, that is the collections of any immunoglobulin’s specific epitopes, have been historically used in 
different ways for cancer treatment as immunotherapy tools. Inherently, the way they are actually employed mostly 
depends on the type of tumor cell target. The first such attempts consisted in the administration of monoclonal, anti-

idiotype antibodies to patients with B-cell-lymphoma. They were able to show clinical activity, but were later abandoned 
due to both logistical constrains and the emergence of idiotype variants which could escape their action. Later, idiotype 
antibodies were also used as vaccines to stimulate the patient’s immune system against the same type of tumors, a 

setting in which our group has provided the first formal proof of principle of clinical benefit associated with the use of a 
human cancer vaccine. Several approaches to enhance the efficacy of these idiotype vaccines have been described in 
recent years, some of them with encouraging results.  

Meanwhile, new emerging immunotherapeutic strategies have been developed to target idiotypes mimicking idiotype-
unrelated, tumor-associated or tumor-specific antigens displayed by several types of solid tumors. The results from those 
studies seem to support the concept of a decreased self-tolerance against these antigens when vaccination is 

successful. Of course, it remains of capital importance to better define what successful vaccination means. For instance, 
it is not clear whether the induction of an idiotype-specific humoral and/or cellular response needs to be documented to 
imply clinical efficacy or whether the latter may be achieved even when the former cannot be formally demonstrated. All 

in all, due to the wide application potential of idiotype-based immunotherapy, by means of this review we intend to cover 
both main achievements and open questions respectively obtained and still been faced by this experimental line of 
clinical research.  
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INTRODUCTION 

The Idiotype 

The idiotype is the set of idiotopes contained in an 

individual immunoglobulin (Ig) molecule (Figure 1). 

Idiotopes are not to be confused with allotopes, the 

other type of antigenic determinants to be found in an 

Ig that can be identified by monoclonal antibodies 

(mAbs). Idiotopes can be found in the hypervariable 

regions of the Ig variable domains, as allotopes are 

mostly localized within the heavy- and light-chain 

constant regions of the Ig instead. Idiotopes are 

somatically generated, while allotopes derive from the 

inherited germ line. Finally, allotopes can be 

recognized as foreign because they are not shared by 

different individuals [1], whereas idiotopes can be 

recognized as foreign because of the minimum amount 

of them present in individuals is insufficient to induce 

self-tolerance. To date, the patient-specific idiotype is 

the best known, tumor-specific antigen for different B-

cell lymphoma subtypes [2]. 
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Exploiting the Idiotype to Treat Cancer 

From a theoretical standpoint, the most self-evident 

and straightforward exploitation of an idiotype as either 

a tumor-associated antigen (TAA) or a tumor-specific 

antigen (TSA) consists in targeting it by means of 

monoclonal antibodies (Figure 2). In this case, the aim 

is to more or less directly kill idiotype-bearing tumor 

cells through passive immunotherapy. Less practical, 

and yet more refined, is instead the approach based on 

the administration to patients of a vaccine whose core 

is represented by the idiotype itself (Figure 3). In this 

case, the scope of active immunotherapy is to stimulate 

the immune system to react in its own terms against 

the idiotype-bearing tumor cells. It goes without saying 

that either passive or active immunotherapy is 

substantially more tumor-specific, and as such with a 

lower toxicity potential, whenever the chosen idiotype is 

a TSA rather than a TAA. In general, an idiotype is a 

TSA when it is obtained from a B-cell lymphoma, while 

it is a TAA when it is found to be mimicking a certain 

solid tumor’s idiotype-unrelated antigen. The main 

consequence arising from this categorization is that in 

the former case, irrespective of whether it is going to be 

used for passive or active immunotherapy purposes, 

the idiotype is not only tumor- but also patient-specific. 

Vice versa, in the latter case the same target may be 

present on the tumor cells of several patients. As such, 
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each of the two overall strategies has to take into 

account substantially different problems in terms of 

business potential, large-scale production, logistics, 

science and social costs [3].  

IDIOTYPE-BASED, PASSIVE IMMUNOTHERAPY 

The first to report successful production and usage 

of custom-made, patient-, tumor- and idiotype-specific 

murine mAbs for the treatment of human B-cell 

lymphoma were Ron Levy and co-workers in 1982 [4]. 

In this pilot study, eleven patients were treated with 

such revolutionary products and a number of objective 

clinical remissions were reported, although some 

aspects remained to be optimized [5]. Similar results 

were later reported in even fewer patients by scientists 

at the University of Nijmegen [6]. However, in 

subsequent years both groups had to face the 

insurmountable problems associated with this exciting, 

fully-personalized strategy. In particular, passive anti-

 

Figure 1: Schematic representation of the main structural and functional features of a typical immunoglobulin. 

 

 

Figure 2: Potential anti-tumor pathways triggered by passive immunotherapy based on anti-idiotype antibodies. 
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idiotype immunotherapy was incapable to eradicate the 

tumor clone in humans [7] and to prevent phenotypic 

and functional changes at tumor recurrence [8]. In 

other words, the extremely high specificity of murine 

anti-idiotype mAbs [9], that is the very reason of their 

potential success, might become a liability in case of 

lymphoma relapse with a modified idiotype. All in all, 

the emergence of idiotype-negative tumor-cell variants 

as well as that of idiotype variants escaping the 

customized anti-idiotype mAbs used previously, 

together with the unsustainable logistical problems 

associated with their productions, ultimately doomed 

the plan of using anti-idiotype mAbs as passive 

immunotherapy for B-cell malignancies on a large scale 

[3]. What was left of it, however, paved the way for the 

next step in idiotype research: to switch from passive to 

active immunotherapy in order to target B-cell 

lymphoma’s idiotypes by means of a polyclonal, rather 

than monoclonal immune attack.  

IDIOTYPE VACCINES FOR B-CELL MALIGNANCIES 

Hybridoma-Derived, Soluble Protein Idiotype 
Vaccines 

As it is true for passive immunotherapy based on 

anti-idiotype mAbs, it takes a complex effort to 

overcome the problems associated with providing a 

separate immunotherapeutic formulation to each 

patient [3]. However, a vaccine whose core is the 

whole idiotype itself has the potential to induce a 

polyclonal - therefore targeting several idiotopes -, 

humoral and/or cellular immune response capable of 

effectively eliminating the risk associated with the use 

of a mAb directed to a single idiotope. Once 

vaccination has elicited that polyclonal immune 

response, chances that idiotype mutations may over 

time abrogate most or all original idiotopes are virtually 

null [3]. 

Over the last two decades, three major scientific 

contributions have shown clear evidence of biological 

efficacy, clinical efficacy and clinical benefit [10] of 

idiotypic vaccination in a particular B-cell lymphoma 

subtype, that is follicular lymphoma [11]. It may be 

worth to note that all these proofs-of-principle have 

been obtained using the same overall vaccine 

formulation, whose core consists of the patient- and 

tumors-specific idiotype conjugated with an 

immunogenic carrier, keyhole limpet hemocyanin 

(KLH). First, at Stanford University Kwak and 

coworkers proved the biological efficacy of this peculiar 

type of active immunotherapy by demonstrating that 

most patients receiving their customized idiotype 

vaccine were able to mount an idiotype-specific 

 

Figure 3: Potential anti-tumor pathways triggered by active immunotherapy based on anti-idiotype vaccines. 
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immune response, mostly of the humoral kind [12]. 

These results were subsequently expanded at the 

same institution [13-15]. In addition, pulsing autologous 

DCs with the soluble, tumor-specific idiotype protein 

[16] allowed similar conclusions to be drawn, but did 

not demonstrate improved biological and clinical results 

as to warrant further development [17]. The second 

major breakthrough originated from a clinical trial 

conducted at the National Cancer Institute and based 

on an idiotype vaccine formulation including for the first 

time granulocyte macrophage colony-stimulating factor 

(GM-CSF) as an immunologic adjuvant [18]. The 

results of this study clearly showed the clinical efficacy 

of idiotypic vaccination, since in most patients with 

detectable minimal residual disease after 

chemotherapy completion the demonstration of a 

vaccine-induced, idiotype-specific humoral and/or 

cellular response was associated with persistent 

clearance of the minimal residual disease itself [19]. 

Similar results were later reproduced by another group 

in Spain [20]. Finally, six years ago the first evidence of 

clinical benefit associated with the use of idiotypic 

vaccination was provided through a clinical trial 

conducted at the University of Navarra Hospital. In 

particular, all patients with follicular lymphoma in 

second complete response after standard 

chemotherapy without rituximab who developed a 

vaccine-induced, idiotype-specific humoral and/or 

cellular immune response experienced a second 

complete response statistically significantly longer than 

their respective first complete response previously 

obtained through chemotherapy with or without 

rituximab [21]. Vice versa, all patients in the same 

situation but who failed to develop such an immune 

response experienced the typically shorter second 

complete response as compared to the corresponding 

first [21]. The same group also showed that idiotypic 

vaccination can be safely administered over several 

years without interruption and with systematically 

negligible toxicity [22].  

After clearing all major proof-of-principle hurdles, 

idiotypic vaccination reached the stage of large-scale, 

randomized clinical trials in order to possibly obtain 

regulatory approval and become available to the 

general B-cell lymphoma patient population. 

Unfortunately, all three such clinical studies failed to 

achieve that ultimate goal. Both in hindsight [10] and 

before their respective data were unblended [23], it was 

relatively easy to note that each clinical trial either 

featured crucial study design pitfalls or experienced 

serious enrollment problems. Be as it may, beside the 

failure in winning vaccine approval itself, the worst 

outcome consisted in the fact that it was not possible to 

fully evaluate the potential of each trial’s vaccine per 

se. In other words, any or all of the three types of 

idiotype vaccines used in these studies may have been 

effective products, and yet the trial design or some 

other circumstances may have prevented them to 

prove such a possibility [24, 25].  

The sole idiotype vaccine randomized clinical trial 

based on hybridoma-derived idiotypes [10] was 

launched over ten years ago and lasted nearly a 

decade [26]. Nevertheless, it only managed to 

complete a third of its required accrual. Overall, the 

study showed barely statistical significance in terms of 

relapse-free survival favoring vaccinated over control 

patients. Moreover, it also retrospectively showed that 

patients with an IgM-borne idiotype clearly benefitted 

from vaccination, while those with an Ig-borne idiotype 

did not [27]. As for the general conclusion of the study, 

that is that idiotypic vaccination is better than placebo 

to prevent follicular lymphoma relapse, the main 

problem is that the minimal statistical significance has 

been obtained in a severely-reduced patient casuistry. 

Therefore, we do not know whether a complete patient 

accrual would have confirmed, enhanced or erased 

such feeble and yet positive result. Concerning the 

intriguing finding suggesting that the idiotype-bearing 

Ig’s isotype might influence the idiotypic vaccination 

clinical outcome, it is worth to make a couple of 

considerations. First, hybridoma-derived idiotypes are 

mounted on the same Ig scaffold as that of the original 

tumor Ig, while in the case of recombinant idiotype 

vaccines, the scaffold is the same for all patients and is 

not meant to reproduce that of each patient’s tumor Ig. 

Second, after learning of this finding, both we and 

others retrospectively reviewed our entire casuistries of 

patients ever vaccinated with hybridoma-derived 

idiotype vaccines and were unable to appreciate any 

immunological and clinical outcome difference between 

cases featuring an IgM- or an IgG-borne idiotype. 

Indeed, this aspect as well as that concerning whether 

a humoral or a cellular immune response may be more 

worth pursuing through idiotypic vaccination to achieve 

clinical benefit remain hot topics to be addressed in the 

future.  

Recombinant, Soluble Protein Idiotype Vaccines 

Given the potential logistical and technical 

shortcomings of hybridoma-derived idiotype vaccine 

production [28], other groups have attempted to better 

streamline it by means of recombinant technology [29]. 
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For instance, at Stanford University a personalized 

vaccine based on idiotypes elaborated by transfected 

mammalian cells has been used in follicular lymphoma 

patients both in a phase I/II and a randomized clinical 

trial. The former study showed the safety of the 

approach, its ability to elicit idiotype-specific immune 

responses and an encouraging median progression-

free survival of 38 months [30]. The latter study, 

concluded in 2007, has not yet been published, though 

some of its findings have been discussed in a different, 

peer-reviewed work which in turn described the clinical 

results of the last randomized clinical trial on 

recombinant idiotypic vaccination ever launched [31]. In 

this case, however, the recombinant idiotype was 

produced by insect rather than mammalian cells [32]. 

All in all, both of these two randomized clinical trials 

completed their accrual but failed to show statistically 

significant different clinical outcome between patients 

receiving the bona fide vaccine and those to whom a 

control product was administered. As mentioned 

above, however, a number of substantial pitfalls in 

each trial’s study design may have contributed to or 

even fully caused their failure [10, 23].  

Finally, it is worth mentioning other methodological 

approaches designed to possibly improve and/or 

simplify the production of recombinant idiotypes. Since 

the overall list would probably exceed the scope of this 

overview, we will limit it to the experimental products 

that have reached at least the stage of early clinical 

trials. In this respect, a conspicuous amount of work 

has to be credited to the group at the University of 

Freiburg [33, 34]. Briefly, recombinant idiotype 

vaccines produced in bacteria and based on the tumor-

specific Ig’s Fab have been able to elicit idiotype-

specific immune responses in lymphoma patients, and 

these results have been often associated with an 

excellent progression-free survival and even with some 

long-lasting remissions [35]. Our own experience with 

recombinant idiotype vaccine started only few years 

ago in a collaborative effort to exploit plant-based 

technology to rapidly and cost-effectively produce 

customized idiotypes for lymphoma patients. The 

preliminary results are encouraging [36] and a phase-I 

clinical trial is currently ongoing in the United States. 

DNA-Based Idiotype Vaccines 

Over the last five years, no tangible progress has 

been made in the attempt to bring to clinical trial fruition 

an alternative strategy to immunize lymphoma patients 

against their tumor-specific idiotype, that of DNA-based 

idiotypic vaccination. In the previous decade, a 

conspicuous amount of work had been carried out in 

this respect, particularly by scientists at the University 

of Southampton [37, 38] and at Stanford University 

[29]. The idea of injecting in form of DNA sequence 

both idiotype and adjuvant and have the host cells 

producing both proteins in vivo is extremely intriguing 

and would avoid most of the time-consuming and 

laborious processes associated with the production of 

customized, soluble protein idiotype vaccines. 

However, it is possible that the recent failures of large-

scale, randomized clinical trials to deliver regulatory 

approval for soluble protein idiotype vaccines, with the 

large amount of funds lost in each of them, may have 

somewhat increased the tendency to risk aversion 

even with respect to DNA-based idiotype vaccines. 

Idiotype Vaccines for Multiple Myeloma 

Over the last five years, a number of groups have 

tried to revive the interest in idiotypic vaccination for the 

treatment of multiple myeloma. As reviewed before [3], 

it is not clear why the results obtained by this approach 

in myeloma patients have been so dramatically inferior 

to those achieved in B-cell lymphoma. It certainly does 

not depend on the competition with alternative 

treatments, as this phenomenon is equally fierce in 

both settings. From a different perspective, myeloma is 

a generally more aggressive disease than indolent 

lymphoma, but it is also a pathological condition in 

which the patient- and tumor-specific idiotype may be 

obtained far more easily and rapidly than in any 

lymphoma [39]. It has been speculated that this very 

last feature, which depends on the fact that large 

amounts of idiotype may be actually freely circulating in 

the blood and secreted in the urine of myeloma 

patients, may make the patient’s immune system less 

likely to be stimulated by and harnessed against this 

dominant self-protein [2].  

Be as it may, it has to be observed that the 

combined modality treatment sequentially including 

autologous stem cell transplant and idiotypic 

vaccination [3] seems to have been abandoned. 

Instead, we have tried, unsuccessfully, to ascertain 

whether donor idiotype immunization prior to reduced-

intensity conditioning, allogeneic stem cell transplant, 

followed by post-transplant idiotypic vaccination of the 

recipient could exert some clinical benefit. In particular, 

we noted that nowadays most if not all patients 

undergoing allotransplant do so later in the course of 

their disease compared to previous years. As such, 

they tend to reach transplant stage being heavily 
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pretreated, severely ill and/or prone to suffer important 

transplant complications. Moreover, owing to regulatory 

limitations, in our trial we were not allowed to use GM-

CSF in the donor vaccine formulation, which was 

therefore limited to the remaining two ingredients of the 

traditional idiotype vaccine, that is sibling patient’s 

idiotype and KLH. All in all, both accrual and results 

were demoralizing and the trial was brought to an early 

conclusion [40].  

Outside the transplant setting, one of the most 

active groups in the field of multiple myeloma idiotypic 

vaccination, that of Karolinska Institute, has clinically 

tested an idiotype vaccine whose formulation excludes 

KLH, retains GM-CSF and adds interleukin-12. The 

results appear to be encouraging and warranting 

research in larger scale trials, as their findings indicate 

a possible correlation between induction of idiotype-

specific T cells and reduction of circulating, clonal 

myeloma cells in most patients [41]. 

Finally, a recent contribution has somewhat 

renewed the interest on a relatively well known manner 

to deliver idiotype vaccines to patients: idiotype-pulsed 

dendritic cells (DCs). In particular, Yi et al. immunized 

multiple myeloma patients with intranodal injections of 

CD40 ligand-matured, idiotype-pulsed DCs, eliciting 

specific T-cell responses in most cases, observing 

negligible toxicity and maintaining stable disease in half 

of the patients over half a decade [42]. It remains to be 

seen whether, based on these results and taking into 

account the laborious procedure of performing 

intranodal injection, this novel version of an old 

immunotherapeutic strategy will be expanded into large 

clinical trials. 

ANTI-IDIOTYPE ANTIBODIES AS AN 
IMMUNOTHERAPY FOR SOLID TUMORS 

Clinical Works 

The general antigen mimicry principles on which 

bona fide idiotypes can be used to harness the power 

of a patient’s immune system against a non-lymphoid 

tumor antigen have been extensively reviewed by 

others [43]. Similarly, several attempts to bring this type 

of immunotherapy to the fruition of cancer patients 

affected by melanoma, colorectal, ovarian and breast 

cancer have been also reviewed by us [3]. All in all, 

these principles make possible to target tumor antigens 

that have no functional association with any 

immunoglobulin as a whole or with its idiotype in 

isolation. 

Over the last five years, however, despite dozens of 

basic and preclinical reports concerning the potential 

usefulness of anti-idiotype immunotherapy in oncology, 

the number of trials whose results have been actually 

reported has disappointingly shrunk to just one. All the 

more reason, it is worth mentioning the commendable 

effort by Soriano and coworkers to treat breast cancer 

patients by means of this therapeutic approach [44]. 

This group investigated feasibility, safety and potential 

efficacy of a metronomic combination of low-dose 

chemotherapy and therapeutic vaccination for the 

treatment of patients with metastatic breast cancer who 

have become resistant to conventional chemotherapy. 

In a formal clinical trial, twenty one patients with 

disease progression were treated with metronomic 

chemotherapy, consisting in 50 mg of 

cyclophosphamide orally daily and 2.5 mg of 

methotrexate orally bi-daily, combined with five bi-

weekly subcutaneous injections of 1 mg of aluminum 

hydroxide-precipitated 1E10 anti-idiotype mAb. 

Following the ten overall immunizations, vaccine 

boosts were also administered once a month. From a 

clinical standpoint, five patients achieved an objective 

response, eight showed stable disease and eight did 

not respond to the combined modality treatment. 

Median time to progression was about ten months, 

while the median overall survival time was about 

thirteen months. Overall, the median duration of any 

response, that is combining complete and partial 

response with stable disease cases, exceeded 

eighteen months, with more than three quarter patients 

maintaining the best clinical result longer than a year. 

Major side effects were never observed. Given the 

potential impact on the survival of poor prognosis 

patients with metastatic breast cancer, the simple 

administration and the mild toxicity profile, this 

combined modality treatment may warrant further 

clinical investigation. However, the only way to 

ascertain the actual contribution of idiotype vaccination 

to the clinical results, it would be necessary to 

randomize patients into two treatment arms, one based 

on the combined modality treatment, the other based 

only on the same low-dose, metronomic chemotherapy.  

CONCLUSIONS 

Anti-idiotype mAbs used as a passive form of 

immunotherapy for B-cell malignancies have shown to 

be safe and quite effective, but have not been 

developed into a widespread multicenter application 

owing to the difficulties in production and to the 

narrowness of their specificity. Vice versa, patient- and 

tumor-specific idiotype vaccines, though equally 
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complicated to produce, whenever effective assure the 

induction of a polyclonal, more comprehensive, 

idiotype- and tumor-specific, both humoral and cellular 

immune response. Most of such a polyclonal immune 

response is likely to remain effective against any 

idiotope persisting even in case parts of the idiotype 

may later undergo replacing mutations, while the 

effectiveness of a mAb could be entirely abrogated, 

should its targeted idiotope be lost through those 

mutations. Moreover, the administration of such 

vaccines is associated with negligible toxicity in all 

cases and with clinical activity in practically all patients 

who respond to it from an immunologic standpoint. Of 

course, research in this field will still need to be led by 

the interest in lymphoma immunotherapy. However, if 

major breakthroughs will be delivered in some of these 

B-cell malignancies, there is little doubt that anti-

idiotype treatment of some solid tumors through TAA 

idiotype mimicry will resume being explored with more 

enthusiasm. 

While the last decade featured the surge and fall of 

a number of hyped, large-scale, randomized clinical 

trials on lymphoma idiotypic vaccination which were 

often set up too hastily, focusing more on competition 

that on sound clinical trial designs, in a round-the-clock 

competition among themselves, it is likely that the next 

decade will see an excessively cautious approach 

towards this therapeutic strategy dominating the scene. 

The several hundred million dollars wasted in the 

former timeframe are indeed likely to heavily weigh 

against other such investments to be poured lightly into 

the latter. Yet, idiotypic vaccination remains as 

promising now as it was ten years ago, before poorly-

designed or poorly-conducted phase-III clinical trials 

had a chance to actually backfire. 

Indeed, three overall failures in as many 

randomized clinical trials, together with positive results 

from large-scale studies on alternative therapeutic 

solutions openly competing with idiotypic vaccination 

have inevitably contributed to create an environment 

that is certainly unfavorable towards idiotype vaccines. 

This situation evidently draws a sharp contrast with 

what the trend was only ten years ago, when nearly 

any oncologist either hoped or sincerely believed that, 

by now, cancer vaccines would be part of the gold 

standard therapeutic strategies for many malignancies. 

Whether this fall in conceptual acceptance of idiotypic 

vaccination may lead to a recovery of the whole 

strategy or just to its demise will mainly depend on the 

development of novel, even more powerful - and still 

non-toxic - vaccine formulations, in which together with 

an easy methodology to in vitro recover the tumor 

idiotype, better adjuvants may have a chance to 

enhance idiotype immunogenicity. 

ACKNOWLEGEMENTS 

This work has been supported by the UTE FIMA 

project, Pamplona, Spain. 

REFERENCES 

[1] Bendandi M. Role of anti-idiotype vaccines in the modern 

treatment of human follicular lymphoma. Expert Rev 
Anticancer Ther 2001; 1(1): 65-72.  
http://dx.doi.org/10.1586/14737140.1.1.65 

[2] Bendandi M. The role of idiotype vaccines in the treatment of 

human B-cell malignancies. Expert Rev Vaccines 2004; 3(2): 
163-170.  
http://dx.doi.org/10.1586/14760584.3.2.163 

[3] de Cerio AL, Zabalegui N, Rodriguez-Calvillo M, Inoges S, 
Bendandi M. Anti-idiotype antibodies in cancer treatment. 

Oncogene 2007; 26(25): 3594-602.  
http://dx.doi.org/10.1038/sj.onc.1210371 

[4] Miller RA, Maloney DG, Warnke R, Levy R. Treatment of B-
cell lymphoma with monoclonal anti-idiotype antibody. N Engl 

J Med 1982; 306(9): 517-22.  
http://dx.doi.org/10.1056/NEJM198203043060906 

[5] Meeker T, Lowder J, Cleary ML, et al. Emergence of idiotype 
variants during treatment of B-cell lymphoma with anti-
idiotype antibodies. N Engl J Med 1985; 312(26): 1658-65.  
http://dx.doi.org/10.1056/NEJM198506273122602 

[6] Allebes WA, Knops R, Bontrop RE, et al. Phenotypic and 
functional changes of tumour cells from patients treated with 
monoclonal anti-idiotypic antibodies. Scand J Immunol 1990; 

32(5): 441-49.  
http://dx.doi.org/10.1111/j.1365-3083.1990.tb03184.x 

[7] Davis TA, Maloney DG, Czerwinski DK, Liles TM, Levy R. 
Anti-idiotype antibodies can induce long-term complete 
remissions in non-Hodgkin's lymphoma without eradicating 
the malignant clone. Blood 1998; 92(4): 1184-90.  

[8] Allebes W, Knops R, Herold M, Huber C, Haanen C, Capel 

P. Immunotherapy with monoclonal anti-idiotypic antibodies: 
tumour reduction and lymphokine production. Leuk Res 
1991; 15(4): 215-22.  
http://dx.doi.org/10.1016/0145-2126(91)90123-B 

[9] Maloney DG, Brown S, Czerwinski DK, et al. Monoclonal 
anti-idiotype antibody therapy of B-cell lymphoma: the 
addition of a short course of chemotherapy does not interfere 

with the antitumor effect nor prevent the emergence of 
idiotype-negative variant cells. Blood 1992; 80(6): 1502-10.  

[10] Bendandi M. Idiotype vaccines for lymphoma: proof-of-
principles and clinical trial failures. Nat Rev Cancer 2009; 
9(9): 675-81.  
http://dx.doi.org/10.1038/nrc2717 

[11] Bendandi M. Aiming at a curative strategy for follicular 
lymphoma. CA Cancer J Clin 2008; 58(5): 305-17.  
http://dx.doi.org/10.3322/CA.2008.0011 

[12] Kwak LW, Campbell MJ, Czerwinski DK, Hart S, Miller RA, 
Levy R. Induction of immune responses in patients with B-

cell lymphoma against the surface-immunoglobulin idiotype 
expressed by their tumors. N Engl J Med 1992; 327(17): 
1209-15.  
http://dx.doi.org/10.1056/NEJM199210223271705 

[13] Hsu FJ, Caspar CB, Czerwinski D, et al. Tumor-specific 
idiotype vaccines in the treatment of patients with B-cell 
lymphoma--long-term results of a clinical trial. Blood 1997; 
89(9): 3129-35.  



160     Journal of Cancer Research Updates, 2012 Vol. 1, No. 2 Soldevilla et al. 

[14] Weng WK, Czerwinski D, Timmerman J, Hsu FJ, Levy R. 

Clinical outcome of lymphoma patients after idiotype 
vaccination is correlated with humoral immune response and 
immunoglobulin G Fc receptor genotype. J Clin Oncol 2004; 

22(23): 4717-24.  
http://dx.doi.org/10.1200/JCO.2004.06.003 

[15] Weng WK, Czerwinski D, Levy R. Humoral immune response 
and immunoglobulin G Fc receptor genotype are associated 
with better clinical outcome following idiotype vaccination in 

follicular lymphoma patients regardless of their response to 
induction chemotherapy. Blood 2007; 109(3): 951-53.  
http://dx.doi.org/10.1182/blood-2006-03-013136 

[16] Hsu FJ, Benike C, Fagnoni F, et al. Vaccination of patients 

with B-cell lymphoma using autologous antigen-pulsed 
dendritic cells. Nat Med 1996; 2(1): 52-58.  
http://dx.doi.org/10.1038/nm0196-52 

[17] Timmerman JM. Vaccine therapies for non-Hodgkin's 
lymphoma. Curr Treat Options Oncol 2002; 3(4): 307-15.  
http://dx.doi.org/10.1007/s11864-002-0030-3 

[18] Kwak LW, Young HA, Pennington RW, Weeks SD. 
Vaccination with syngeneic, lymphoma-derived 
immunoglobulin idiotype combined with granulocyte/ 

macrophage colony-stimulating factor primes mice for a 
protective T-cell response. Proc Natl Acad Sci USA 1996; 
93(20): 10972-77.  
http://dx.doi.org/10.1073/pnas.93.20.10972 

[19] Bendandi M, Gocke CD, Kobrin CB, et al. Complete 

molecular remissions induced by patient-specific vaccination 
plus granulocyte-monocyte colony-stimulating factor against 
lymphoma. Nat Med 1999; 5(10): 1171-77.  
http://dx.doi.org/10.1038/13928 

[20] Barrios Y, Cabrera R, Yanez R, et al. Anti-idiotypic 

vaccination in the treatment of low-grade B-cell lymphoma. 
Haematologica 2002; 87(4): 400-407.  

[21] Inoges S, Rodriguez-Calvillo M, Zabalegui N, et al. Clinical 
benefit associated with idiotypic vaccination in patients with 

follicular lymphoma. J Natl Cancer Inst 2006; 98(18): 1292-
301.  
http://dx.doi.org/10.1093/jnci/djj358 

[22] Inoges S, Lopez-Diaz de Cerio A, Zabalegui N, et al. 
Prolonged idiotypic vaccination against follicular lymphoma. 

Leuk Lymphoma 2009; 50(1): 47-53.  
http://dx.doi.org/10.1080/10428190802601122 

[23] Bendandi M. Clinical benefit of idiotype vaccines: too many 
trials for a clever demonstration? Rev Recent Clin Trials 

2006; 1(1): 67-74.  
http://dx.doi.org/10.2174/157488706775246120 

[24] Inoges S, de Cerio AL, Villanueva H, Soria E, Pastor F, 
Bendandi M. Idiotype vaccines for lymphoma therapy. Expert 
Rev Vaccines 2011; 10(6): 801-809.  
http://dx.doi.org/10.1586/erv.11.44 

[25] Inoges S, de Cerio AL, Soria E, Villanueva H, Pastor F, 
Bendandi M. Idiotype vaccines for human B-cell 
malignancies. Curr Pharm Des 2010; 16(3): 300-307.  
http://dx.doi.org/10.2174/138161210790170111 

[26] Villanueva H, de Cerio AL, Inoges S, Pastor F, Soldevilla 

MM, Bendandi M. BiovaxID(R): a customized idiotype 
vaccine for the treatment of B-cell lymphoma. Expert Rev 
Vaccines 2011; 10(12): 1661-69.  
http://dx.doi.org/10.1586/erv.11.132 

[27] Schuster SJ, Neelapu SS, Gause BL, et al. Vaccination with 
patient-specific tumor-derived antigen in first remission 
improves disease-free survival in follicular lymphoma. J Clin 

Oncol 2011; 29(20): 2787-94.  
http://dx.doi.org/10.1200/JCO.2010.33.3005 

[28] Inoges S, Rodriguez-Calvillo M, Lopez-Diaz de Cerio A, et al. 
Feasibility of idiotype vaccination in relapsed B-cell 
malignancies. Haematologica 2003; 88(12): 1438-40.  

[29] Timmerman JM, Czerwinski DK, Davis TA, et al. Idiotype-

pulsed dendritic cell vaccination for B-cell lymphoma: clinical 
and immune responses in 35 patients. Blood 2002; 99(5): 
1517-26.  
http://dx.doi.org/10.1182/blood.V99.5.1517 

[30] Timmerman JM, Vose JM, Czerwinski DK, et al. Tumor-

specific recombinant idiotype immunisation after 
chemotherapy as initial treatment for follicular non-Hodgkin 
lymphoma. Leuk Lymphoma 2009; 50(1): 37-46.  
http://dx.doi.org/10.1080/10428190802563355 

[31] Freedman A, Neelapu SS, Nichols C, et al. Placebo-
controlled phase III trial of patient-specific immunotherapy 
with mitumprotimut-T and granulocyte-macrophage colony-

stimulating factor after rituximab in patients with follicular 
lymphoma. J Clin Oncol 2009; 27(18): 3036-43.  
http://dx.doi.org/10.1200/JCO.2008.19.8903 

[32] Hurvitz SA, Timmerman JM. Recombinant, tumour-derived 
idiotype vaccination for indolent B cell non-Hodgkin's 

lymphomas: a focus on FavId. Expert Opin Biol Ther 2005; 
5(6): 841-52.  
http://dx.doi.org/10.1517/14712598.5.6.841 

[33] Bertinetti C, Simon F, Zirlik K, et al. Cloning of idiotype 

immunoglobulin genes in B cell lymphomas by anchored 
PCR and production of individual recombinant idiotype 
vaccines in Escherichia coli. Eur J Haematol 2006; 77(5): 

395-402.  
http://dx.doi.org/10.1111/j.1600-0609.2006.00740.x 

[34] Bertinetti C, Zirlik K, Heining-Mikesch K, et al. Phase I trial of 
a novel intradermal idiotype vaccine in patients with 
advanced B-cell lymphoma: specific immune responses 

despite profound immunosuppression. Cancer Res 2006; 
66(8): 4496-502.  
http://dx.doi.org/10.1158/0008-5472.CAN-05-4233 

[35] Navarrete MA, Heining-Mikesch K, Schuler F, et al. Upfront 
immunization with autologous recombinant idiotype Fab 

fragment without prior cytoreduction in indolent B-cell 
lymphoma. Blood 2011; 117(5): 1483-91.  
http://dx.doi.org/10.1182/blood-2010-06-292342 

[36] Bendandi M, Marillonnet S, Kandzia R, et al. Rapid, high-

yield production in plants of individualized idiotype vaccines 
for non-Hodgkin's lymphoma. Ann Oncol 2010; 21(12): 2420-
27.  
http://dx.doi.org/10.1093/annonc/mdq256 

[37] Stevenson FK, Zhu D, King CA, Ashworth LJ, Kumar S, 

Hawkins RE. Idiotypic DNA vaccines against B-cell 
lymphoma. Immunol Rev 1995; 145: 211-28.  
http://dx.doi.org/10.1111/j.1600-065X.1995.tb00083.x 

[38] Stevenson FK, Zhu D, King CA, et al. A genetic approach to 

idiotypic vaccination for B cell lymphoma. Ann NY Acad Sci 
1995; 772: 212-26.  
http://dx.doi.org/10.1111/j.1749-6632.1995.tb44747.x 

[39] Bendandi M, Rodriguez-Calvillo M, Inoges S, et al. 
Combined vaccination with idiotype-pulsed allogeneic 

dendritic cells and soluble protein idiotype for multiple 
myeloma patients relapsing after reduced-intensity 
conditioning allogeneic stem cell transplantation. Leuk 

Lymphoma 2006; 47(1): 29-37.  
http://dx.doi.org/10.1080/10428190500272473 

[40] Inoges S, Lopez-Diaz de Cerio A, Sampol A, et al. Stem cell 
transplant and idiotypic vaccination for B-cell malignancies. 

Curr Top Med Chem 2011; 11(13): 1653-60.  
http://dx.doi.org/10.2174/156802611796117676 

[41] Abdalla AO, Kokhaei P, Hansson L, Mellstedt H, Osterborg 
A. Idiotype vaccination in patients with myeloma reduced 
circulating myeloma cells (CMC). Ann Oncol 2008; 19(6): 

1172-79.  
http://dx.doi.org/10.1093/annonc/mdn017 

[42] Yi Q, Szmania S, Freeman J, et al. Optimizing dendritic cell-
based immunotherapy in multiple myeloma: intranodal  



Anti-Idiotype Antibodies in Cancer Treatment Journal of Cancer Research Updates, 2012 Vol. 1, No. 2      161 

injections of idiotype-pulsed CD40 ligand-matured vaccines 

led to induction of type-1 and cytotoxic T-cell immune 
responses in patients. Br J Haematol 2010; 150(5): 554-64.  
http://dx.doi.org/10.1111/j.1365-2141.2010.08286.x 

[43] Mohanty K, Saha A, Pal S, et al. Anti-tumor immunity 
induced by an anti-idiotype antibody mimicking human Her-

2/neu. Breast Cancer Res Treat 2007; 104(1): 1-11.  
http://dx.doi.org/10.1007/s10549-006-9391-9 

[44] Soriano JL, Batista N, Santiesteban E, et al. Metronomic 

Cyclophosphamide and Methotrexate Chemotherapy 
Combined with 1E10 Anti-Idiotype Vaccine in Metastatic 
Breast Cancer. Int J Breast Cancer 2011; 2011: 710292.  

 

 

 

Received on 25-09-2012 Accepted on 26-10-2012 Published on 31-12-2012 

 

DOI: http://dx.doi.org/10.6000/1929-2279.2012.01.02.1 


