
PROGRESS IN HEMATOLOGY Immunotherapy for hematological malignancies

Peptide vaccines for hematological malignancies: a missed
promise?

Monica Bocchia • Marzia Defina • Lara Aprile •

Anna Sicuranza

Received: 3 December 2013 / Accepted: 20 December 2013 / Published online: 8 January 2014

� The Japanese Society of Hematology 2014

Abstract Despite the crucial aid that newly developed

target therapies are providing to chemotherapy and stem

cell transplant, the cure for many hematological malig-

nancies is still an unmet need. Although available therapies

are able to induce an effective debulking of the tumor, most

of the time, an insidious minimal residual disease survives

current treatments and it is responsible for an immediate or

delayed relapse. Peptide-derived antitumor vaccines have

been developed with the idea that an artificially ‘‘educated’’

immune system may exert an active specific antitumor

response able to control and ultimately eradicate underly-

ing post-treatment residual disease. This review will sum-

marize current knowledge of peptide vaccines for

hematological malignancies, trying to analyze promises

and pitfalls of a safe and intelligent tool that after many

years from its first appearance has not yet established its

potential role as alternative immune mediated therapeutic

approach for hematopoietic tumors.
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Introduction

Despite recent advances in the treatment of hematological

malignancies such as the more effective combination

chemotherapy, the use of targeted therapy and the major

impact conferred by bone marrow transplantation, many

patients will relapse and die of their disease. One promis-

ing alternative approach for targeting hematological

malignancies involves the immune system; in fact, a

growing body of evidence suggests that cellular immune-

mediated mechanisms may aid in the killing of malignant

cells in patients with hematological diseases. The main

efficacy of cellular immunity in this setting has been sup-

ported by the finding that allogeneic transplantation is

curative for a subset of patients with leukemia, lymphoma

and multiple myeloma. The primary mechanism is the

‘‘graft-versus-leukemia effect’’ in which alloreactive

effector cells eliminate post-transplant residual disease [1–

3]. However, the lack of specificity of this immune

response results in the concurrent risk of ‘‘graft-versus-

host-disease’’. To reduce the damage to normal tissues, an

active immune approach should be based on a cancer

vaccine that educates host immunity to selectively target

malignant cells. Among all possible types of antitumor

vaccines, peptide vaccines are by far the easiest to develop:

usually they are tumor specific but not patients specific,

they are simple and cheap to produce even in large scale

and they are easy to administer to patients. Two major

obstacles in developing anticancer vaccine and particularly

peptide vaccines are (i) identifying appropriate antigens to

target and (ii) generating immune responses against tumor

antigens to which the immune system has been already

exposed and thus rendered ‘‘tolerant’’ or unresponsive.

Tumor-associated antigens

A rational development of cancer vaccines depends on the

molecular definition of tumor-associated antigens that can

be injected into cancer patients to induce a systemic

immune response that may result in the destruction of the

M. Bocchia (&) � M. Defina � L. Aprile � A. Sicuranza

Department of Hematology, University of Siena, Azienda

Ospedaliera Universitaria Senese, Viale Bracci 16, 53100 Siena,

Italy

e-mail: bocchia@unisi.it

123

Int J Hematol (2014) 99:107–116

DOI 10.1007/s12185-013-1497-3



cancer growing [4]. Since the identification of MAGE-1,

the first gene reported to encode a human tumor antigen

recognized by T cells [5], a large number of tumor antigens

have been described. Initial classification was based on

expression profiles, with tumor-specific antigens (TSAs)

being expressed only by cancer cells and tumor-associated

antigens (TAAs) representing the mutated counterpart of

proteins expressed by normal tissues. The currently

accepted classification includes only TAAs, which are

divided into shared and unique TAAs and further classified

into class I and class II HLA-restricted TAAs, according to

the HLA allele restriction [6].

Among shared TAAs, three groups can be identified:

(i) cancer testis (CT) antigens, (ii) differentiation antigens,

and (iii) overexpressed antigens. The first ones are

expressed in histologically different human tumors and,

among normal tissues, in spermatocytes/spermatogonia of

testis and occasionally in placenta. CT antigens, such as

MAGE-1, result from the reactivation of genes which are

normally silent in adult tissue, but are activated in different

tumor [7]. Differentiation antigens are expressed by the

normal tissue from which the tumor arose (i.e., Gp100,

PSA, CEA) and are considered ‘‘self-antigens’’. Overex-

pressed antigens have been detected in different types of

tumors as well as in many normal tissues and their over-

expression in tumor cells can reach the threshold for T cell

recognition, breaking the immunological tolerance.

Considering shared TAAs, most of the advances have

occurred in the field of solid malignancies, even if, the

presence of these TAAs in hematological disease has been

documented. In fact, van Baren et al. [8] have found that

genes encoding some CT antigens (MAGE, BAGE, LAGE

and GAGE) are expressed in a high proportion of patients

with advanced stage multiple myeloma, while PRAME

antigens is selectively expressed in 47 % of acute myeloid

leukemia patients [9].

In the field of overexpressed antigens, 3 candidates have

been described as markedly overexpressed in different

types of hematological malignancies: the proteinase-3 (PR-

3), Wilm’s tumor gene-encoded transcription factor-1

(WT-1) and mucin-1 (MUC-1). The PR-3, a primary neu-

trophilic protein, is overexpressed in leukemic progenitors

from patients with acute myeloid leukemia (AML) and

chronic myeloid leukemia (CML), but is minimally

expressed by normal marrow progenitors [10]. The WT-1

is a zinc finger transcription factor involved in leukemo-

genesis and is also overexpressed in different types of

leukemia [11], while the MUC-1, an immunogenic epi-

thelial mucin present in an underglycosylate form on solid

tumor, has also been found to be overexpressed in multiple

myeloma [12].

Unique TAAs are products of random somatic point

mutations induced by carcinogenesis and therefore

expressed uniquely by individual tumors and not by any

normal tissue, representing the only true tumor-specific

antigens. A relevant feature of this type of antigens is their

potential resistance to immunoselection if the mutated

protein is crucial to the oncogenic process and thus indis-

pensable for maintaining the neoplastic state. As a conse-

quence, unique TAAs should elicit an immune response

clinically more effective than that of shared antigens.

Unlike for the solid tumor in which the identification of

unique tumor antigens requires sequencing of the whole

genome of each individual tumor, the strategy is relatively

easy and feasible for hematological diseases. In fact, a

common finding in these malignancies, especially in leu-

kemia, is the presence of chromosomal translocations that

result in the generation of fusion genes encoding chimeric

proteins that are unique of the tumor cells. The first joining

region of these chimeric proteins to be evaluated as true

tumor-specific antigen has been BCR-ABL protein [13],

but many other fusion gene products such as PML-RARa,

AML1-ETO, DEK-CAN are appealing targets for immu-

notherapy [14].

Another hypothetical target is the idiotype in B cell

lymphoma and multiple myeloma that represents clonal

expansions of lymphoid cells with rearranged immuno-

globulin genes. The V-D-J recombination sequence results

in a unique hypervariable region characteristic of each

individual tumor. This sequence is known as idiotype (Id)

and represents a tumor-specific antigen that has been used

as a target for an active immunization with a patient-spe-

cific Id vaccine [15, 16]. Once a tumor antigen has been

identified, another critical issue is to choose the proper

peptide sequence and the ideal peptide length potentially

able to be processed and presented by antigen-presenting

cells (APCs) to effector T cells [17] (Fig. 1).

Strategies of vaccination

Immune tolerance of tumor antigens

The ability of cancer-derived peptide vaccine to elicit an

immune response to cancers has been well documented in

several clinical trials; however, effective antitumor

immune responses are hampered by the weak immunoge-

nicity of tumor antigens and their derived peptides. In fact,

the immune system of the patients with a cancer fails to

control tumor growth because it may have been rendered

‘‘tolerant or unresponsive’’ to the tumor. Several strategies

have been adopted to overcome these limitations and to

increase the immunogenicity of tumor antigens-derived

peptides, including the introduction of inflammatory cyto-

kines in the vaccination protocols, such as alpha interferon

(IFN-a) [18] and interleukin-2 (IL-2) [19], or through the
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generation of peptide variants of TAAs, including het-

eroclitic peptides and altered-peptide ligands [20], but the

overall results of these clinical trials are controversial.

Significant improvement in the immunogenicity of peptide

vaccines has been achieved using long peptide versus short

peptides; in fact, the last ones may bind directly to MHC

molecules on cells that are not professional APCs, thereby

potentially inducing tolerance or anergy [21]. In contrast,

recent works with long (30-mer) peptides that encompass

short minimal epitopes suggest that these longer peptides

may be more effective immunogens than the minimal

peptides because they are too long to be presented directly

on MHC, so they must be internalized by professional

APCs and processed for presentation [22]. In addition,

unlike short peptides, long peptides induce memory CD8?

T cell responses that are boosted dramatically on repeated

vaccination in mice, and induce substantially improved

tumor control compared to vaccinations with short peptides

[23]. The employment of these long peptides promises to

induce a broad a more durable adaptive immune responses

against multiple antigens. Another way to explain the

immune tolerance to cancer is the limited cytotoxic T

lymphocyte (CTL) expansion due to activation of regula-

tory T lymphocytes [24]. In fact, T-reg cells have been

found to be increased in peripheral blood and tumors in a

variety of human cancers [25], resulting in poorer prog-

nosis and reduced survival [26]. The presence of circulat-

ing T-reg cells may, indeed, represent a major obstacle to

the success of cancer vaccines; therefore, an alternative

strategy to improve the efficacy of tumor vaccines could be

their combination with therapeutic intervention aimed at

eliminating or controlling CD4?CD25? regulatory T

cells. On this regard, many approaches have been explored

in preclinical and clinical studies; the first one is the use, as

pre-treatment, of cytostatic drugs (i.e., cyclophosphamide)

with the intent to improve the immune response to cancer

vaccines in humans [27]. Other strategies of T-reg cells

control are the use of a recombinant IL-2 diphtheria toxin

conjugate [28] or the use of an anti-CD25 monoclonal

antibody [29].

Immunological adjuvants

Due to their weak immunogenicity, the tumor-specific

peptide vaccines are usually associated with immunologi-

cal adjuvants that have many critical functions including

activation of innate immunity, optimization of antigen

presentation, recruitment of APCs to the vaccine site and

creating a cytokine environment that supports the immu-

nologic outcome [30].

In the field of hematological malignancies, the most

common immunological adjuvant used as active immune

stimulating agent is the granulocyte–macrophage colony-

stimulating factor (GM-CSF). This cytokine was adminis-

tered either as product of gene-transduced tumor cells or as

recombinant protein together with the vaccine (mainly a

peptide vaccine) given subcutaneously or intradermally.

The results of these trials were heterogeneous in terms of

induction of vaccine-specific immune response and of

clinical response. Though in some of these studies GM-

CSF appeared to help in generating an immune response, in

others no effect or even a suppressive effect was reported

[31, 32]. On this regard, a recent review has been published

in which the authors concluded that GM-CSF may increase

the vaccine-induced immune response when administered

repeatedly at relatively low doses (range 40–80 lg for

Fig. 1 Processing and

presentation of peptides and

ultimately of peptide vaccines to

T cellular immune system.

(modified from NCI Cancer

Bulletin. 2010;7:9)
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1–5 days), whereas an opposite effect was often reported at

dosages of 100–500 lg [33]. The potential mechanism of

the GM-CSF-mediated immune suppression could reside in

the expansion of myeloid suppressor cells by endogenous

tumor-derived or exogenous GM-CSF.

Peptide vaccines in acute myeloid leukemia

and myelodysplastic syndrome

Up to date, differently from other hematological diseases,

in AML and MDS fewer progresses have been obtained in

terms of new drugs and novel therapeutic approaches with

hematopoietic stem cells transplantation (HSCT) being the

most reliable curative strategy. Unfortunately, many

patients are not candidates for this option, and however,

relapse rate is still high as well as transplant-related mor-

tality. In AML, the key issue is minimal residual disease

persisting after conventional chemotherapy and even after

allogeneic SCT, and innovative therapeutic approaches to

attempt to eradicate residual leukemic cells are required. In

this context, one promising option could be an active

specific immune strategy with leukemia-derived peptide

vaccines. A similar immunotherapeutic approach is more

challenging in MDS as the immune system plays an

important role both in early disease development and

during progression to advanced stages. In fact, the presence

of autoimmune disease-like features is widely recognized

in the physiopathology of early MDS, whereas advanced

MDS is characterized by immune evasion [34].

Based on these premises, different studies have identi-

fied several leukemia-associated antigens (LAAs) and tes-

ted different peptide vaccination strategies with the intent

to induce in vivo anti-leukemic response in AML and MDS

patients. Main characteristics and clinical results of the

most recent peptide vaccination studies are summarized in

Table 1 [35–42].

One of the most suitable potentially immunogenic tar-

gets, overexpressed in AML and MDS, is WT1 protein [43,

44]. Preliminary results of a phase I study on AML, MDS,

lung and breast cancer patients published by Oka et al. in

2004 [37] showing the ability of WT1 peptide vaccine to

induce an immunological response, were more recently

confirmed by Keilholz’s group [38] and by Memorial Sloan

Kettering Cancer Center [39] in AML and MDS patients.

On the basis of previous results, a phase II study with

increased frequency of vaccination (twice a week) com-

bining PR1- and WT1-derived peptides was planned by

Rezvani et al. [42] with the intent to enhance the degree

and duration of immune response. The 6 patients enrolled

showed either a PR1- or WT1-specific T cell response, but

repeated vaccinations did not lead to a significant reduction

of WT1 expression level and consequently of residual

Table 1 Peptide vaccine clinical trials in AML, MDS and other malignancies

Study No of patients Antigen HLA

type

Adjiuv. Response

Oka et al.

[37]

26 patients (AML,

MDS, breast and lung

cancer)

WT1 HLA-A2 ISA-51 20 patients showed clinical responses such as reduction in leukemic

blast cells or tumor sizes and/or tumor markers

Qazilbash

et al.

[35]

66 patients (AML,

CML, MDS)

PR1 HLA-A2 ISA-51

GM-CSF

53 patients with measurable disease; 25/53 patients with PR1

specific immune response. Clinical responses in 9/25 immune

responders vs 3/28 immune non-responders

Rezvani

et al.

[41]

8 patients (AML, MDS,

CML)

WT1 PR1 HLA-A2 ISA-51

GM-CSF

PR1 or WT1?CD8? T cells associated with a decrease in WT1

mRNA expression as a marker of minimal residual disease. Loss of

response associated with reappearance of WT1 transcripts

Keilhouz

et al.

[38]

17 AML patients, 2

MDS patients

WT1 HLA-A2 GM-CSF

KLH

10 AML patients in SD; 4 patients had clinical benefit after initial

progression (1CR, 2 SD). Reduction of WT1 transcript in 35 % of

patients

Greiner

et al.

[36]

9 patients (AML, MDS,

MM)

RHAMM-

R3

HLA-A2 ISA-51 4 patients with positive immunological responses, 3 patients with

positive clinical effects

Maslak

et al.

[39]

10 AML patients WT1 HLA-

A2/DR

GM-CSF 9 Evaluable patients; WT1 specific T cell response but reduced

follow-up

Sugiyama

et al.

[40]

12 AML patients WT1 HLA-A2 ISA-51 4 patients stable CR; 8 patients reduction molecular minimal residual

disease

Rezvani

et al.

[42]

8 patients (phase II

study)

WT1 PR1 HLA-A2 ISA-51

GM-CSF

Repeated delivery of peptides with Montanide-adjuvant and GM-

CSF leads to rapid loss of high-avidity peptide-specific CD8(?) T

cells

CR complete response, SD stable disease
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leukemic disease. As stated by the authors, a possible cause

of transient clinical responses observed in these studies

could be the lack of activation of CD4? T pathway using

HLA class I peptide vaccines that stimulate only a CD8? T

response. Indeed, CD4? T helpers are not necessary for the

primary expansion and differentiation of CD8? T cyto-

toxic effectors, but they are necessary for the secondary

expansion of the CD8? T cytotoxic effectors [41, 42].

However, in all patients responding after WT1 peptide-

derived vaccination, Ochsenreither’s group characterized a

predominant VbT cell receptor (TCR) clone, presumably a

mediator of the clinical response [45]. For acute promye-

locytic leukemia, despite PML-RARa fusion protein is a

proper leukemia-specific antigen, just few DNA vaccine

studies in animal models were performed [46].

In conclusion, the clinical results of peptide vaccine

trials in AML and MDS are promising but still not satis-

factory as in few cases a reduction of antigen target

expression or the improvement of blasts counts of periph-

eral blood or bone marrow was observed, while more often

antitumor peptide vaccinations were followed by the

detection of an immunological response to the peptide

without a clinical improvement.

Peptide vaccines in chronic myeloid leukemia

Chronic myelogenous leukemia (CML) is considered par-

ticularly suitable for an immunotherapeutic approach.

Despite the success of tyrosine kinase inhibitors (TKIs), the

persistence of CD34? leukemia precursors during TKIs

[47] and the need of a life-time treatment, renovated the

interest in a potential immune-mediated control of this

disease. The presence of a unique BCR-ABL fusion pro-

tein, due to the reciprocal t (9; 22) translocation is con-

sidered an ideal target for an immunological attack to

leukemic cells. The capacity of BCR-ABL breakpoint-

derived peptides to bind to HLA molecules and to elicit a

peptide-specific T cell response [13, 48] supported the

development of a peptide vaccine strategy and the evidence

that CML leukemic cells present breakpoint peptides on the

cell surface within the HLA molecules reinforced the idea

that peptide vaccinations may win mechanisms of immu-

nological tolerance which allow the growth and survival of

leukemic clone [49]. The more important BCR-ABL pep-

tide vaccine studies, developed during the years, are sum-

marized in Table 2 [50–55]. Within these studies, an

interesting approach to increase peptide immunogenicity

was made by Scheinberg et al. using modified synthetic

BCR-ABL-derived breakpoint peptides (so-called het-

eroclitic peptides) able to bind with higher affinity to HLA

class I molecules and TCR yet maintaining the specificity

of the antitumor immune response [54]. Even if a peptide-

specific immune response induced by vaccinations was

demonstrated in most of these studies, as well as a reduc-

tion in BCR-ABL transcript, a clear clinical benefit for

vaccinated CML patients was not demonstrated. To try to

answer to this question, we conducted a multicenter CML

peptide vaccine using 5 b3a2-derived breakpoint peptides

in combination with GM-CSF in 68 CML patients with

persistent molecular disease after long lasting imatinib

treatment. An interim analysis of the study showed that

peptide vaccinations were able to reduce residual BCR-

ABL transcript in about 50 % of patients [56]. We are

completing the study core of 4 years (inclusive of 3 years

of maintenance of vaccine treatment every 6 months) for

all patients, and data will be soon ready for final publica-

tion. Actual patients’ follow-up reached a median of

9 years from starting imatinib, and about 80 % of patients

are still on treatment despite the presence of fluctuating

BCR-ABL transcript (about 12 % of patients lost sporad-

ically MMR without shifting to another TKI); on the

contrary, 15 % of patients showed a persistent increase of

molecular disease and switched to second generation TKIs.

If we consider that in the IRIS 8 years update report only

55 % of patients are still on imatinib [57], our data may

suggest that CML peptide vaccine could favor a stable

response to imatinib allowing patients to ‘‘tolerate’’ higher

level of BCR-ABL transcript without the need to switch to

alternative TKIs. Other tumor-associated antigens, not

CML specifics, such as PR3 and WT1, were studied for the

presence of immunogenic peptides. Rezvani et al. pub-

lished the results of combined vaccination with HLA-A2-

specific peptides derived from WT1 and Proteinase3 in 8

patients with myeloid malignancies. In all of them, an

immune response was recorded and 3 out of 8 patients

showed decreased or complete eradication of WT1 mRNA

[41].

More recently, Brossart’s team has brought an important

twist in the tale and has dramatically changed the pre-

vailing concept [58]. They demonstrated that the presence

of p210 in CML cells is critic for the expression of the

antigens, although it is not the major immunogenic antigen

of CML cells. Based on these premises, different approa-

ches to elicit an effective immune response against CML

cells may be on the way [59].

Peptide vaccines in multiple myeloma

In spite of recent discoveries, multiple myeloma (MM)

remains an incurable disease in the vast majority of

patients. The relapse is the principal cause of treatment

failure, due to the persistence of clonogenic plasma cells in

the bone marrow after current available therapy. In MM,

the therapeutic benefit of allo-SCT mediated by the

immune effect of donor-derived T cells, has supported the

development of alternative immunotherapeutic approach
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[60]. After the identification of low frequency Id-specific T

cells in about 90 % of patients with MM or MGUS [61],

several vaccination trials employing Id-derived protein (but

no Id-derived peptides) were performed often inducing a

satisfactory Id-specific immune response, but a limited

clinical effect (Table 3) [62–64]. Recently, to enhance the

therapeutic index of allo-SCT, Foglietta et al. immunized

10 HLA-matched sibling donors before stem cell collection

with recipient-derived clonal myeloma Id, as a tumor

antigen, conjugated with KLH. After treatment, 8 myeloma

recipients had persistent Id-specific immune responses and

5 had improvement in disease status demonstrating that

Table 2 Peptide vaccine clinical trials in CML

Study No of patients Antigen HLA type Adjiuv. Response

Pinilla-

Ibarz

et al. [50]

12 patients treated with

INFa, chronic phase

BCR-ABL Any QS-21 In 3 of the 6 patients treated at the 2 highest dose levels of

vaccine, peptide-specific, T cell proliferative responses

(n = 3) and/or DTH responses (n = 2) were observed.

Cytotoxic T lymphocytes have not been identified

Cathcart

et al. [51]

14 patients treated with

imatinib, INFa (phase

II trial)

BCR-ABL Any QS-21 11 patients showed IFN-y release by ELISPOT at one or more

time points. A peptide-specific CD8(?)IFN-y ELISPOT was

found in 4 patients; 3 patients with PCR negative after

vaccination;5 patients on INF-a treatment in CCyR

Bocchia

et al. [52]

16 patients treated with

imatinib, INFa
BCR-ABL HLA- A3/

A11/B8/

DR11/DR1/

D

QS-21

GM-

CSF

R4

All patients’ cytogenetic responses improved after 6

vaccinations, with 5 reaching CCyR. 3 of 5 patients had

undetectable amounts of b3a2 transcript. 6 patients on INF-a
treatment with a median of 17 months’ stable residual

disease were also vaccinated. All but one had improved

cytogenetic responses, and 2 reached CCyR

Rojas et al.

[53]

19 patients treated with

imatinib, chronic

phase

BCR-ABL HLA-A3/B8 PADRE 14 patients with T cell responses to BCR-ABL peptides. No

molecular benefit in the 5 patients not in MCyR at baseline.

13 patients in MCyR at baseline, developed at least 1 log fall

in BCR-ABL transcripts

Maslak

et al. [54]

13 patients in CCR

treated with imatinib

BCR-ABL Any GM-

CSF

6 patients HLA-A0201 (three each with each breakpoint) and

one patient HLA-A0205 with b3a2, responded to the A0201

analog peptide after 5 vaccinations. 4 patients HLA-A0201

responded to a native peptide sequence after stimulation

in vitro with heteroclitic peptide or to native peptide as a

stimulus.

Jain et al.

[55]

10 patients treated with

imatinib

BCR-ABL Any ISA 51

GM-

CSF

3 patients achieved 1-log reduction in BCR-ABL transcript

level, 3 patients with major molecular response

CCyR complete cytogenetic response, MCyR major cytogenetic response

Table 3 Vaccine clinical trials in MM

Study No of patients Antigen HLA

type

Adjiuv. Response

Osterborg

et al. [62]

5 patients Id Any GM-CSF All patients developed an Id-specific T cell immunity, defined as

blood T cells predominantly secreting INF-c and IL-2. A

transient rise of B cells producing IgM anti-idiotypic

antibodies in all patients

Rassmussen

et al. [63]

6 patients Id Any GM-CSF

IL-12

4 patients with reduction of blood tumor mass, with one patient

achieving a complete molecular remission in blood; 3 of these

4 patients with Id-specific T-cell response

Coscia et al.

[64]

15 patients in first

remission after high-

dose chemotherapy

Id Any KLH

GM-CSF

The vaccine induced immune responses that lasted almost

2 years after the end of treatment. Id-specific delayed type

hypersensitivity skin tests were positive in 85 % of tested

patients

Kuball et al.

[67]

5 MM patients, 4 AML

patients

WT1, PR3,

MUC1,

PADRE

HLA-

A2/

DR

ISA-51

CpG7909

No clinical response; only a PADRE-specific CD4? T helper

cells was observed after vaccination but these appeared unable

to produce IL2, and CD4? T cells with a regulatory

phenotype increased
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tumor antigen-specific humoral and cellular immunity

could be safely induced in allo-SCT donors and transferred

to recipients [65].

Id protein is not the only myeloma-specific antigen that

can be targeted by the immune system, a variety of tumor-

associated antigens have been identified in myeloma cells.

Among the most studied, there are NY-ESO-1 (cancer

testis antigen) [66], RHAMM-R3 (receptor for hyaluronic

acid-mediated motility) [36], WT1 and MUC1 (see

Table 3) [69] and DKK1 (Dickkopf-1 a Wnt/Bcatenin

signaling inhibitor protein) [68]. NY-ESO-1 specific CTLs

generated from MM patients were shown to kill primary

myeloma cells, and a clinical trial evaluating the efficacy of

a vaccination strategy targeting NY-ESO-1 in association

with GM-CSF is underway. Recent studies have shown that

DKK1 is highly expressed in almost all MM patients and

absent in normal tissues except placenta and mesenchymal

stem cells and it could be a peculiar target in a vaccine

strategy. However, no clinical studies employing DKK1-

derived peptides have been performed so far. Recently, in

syngenic hematopoietic stem cell transplant setting in

which donor immune responses should exclusively target

unique tumor epitopes, 6 new myeloma-specific antigens

were discovered, although their immunological and clinical

value has not been assessed yet [69]. Kang et al. have

identified two novel HLA-A2 restricted antigens derived by

HLA-DOB exclusively expressed in B lineage cells and in

thymic medullary epithelium, which were naturally pro-

cessed and presented on MM cells. Future studies will be

required to investigate a clinical utility of this epitope [70].

Peptide vaccines in chronic lymphocytic leukemia

Chronic lymphocytic leukemia (CLL) should represent an

ideal model to induce immune-mediated responses,

because the disease originates by antigen-presenting cells

(APC) and it expresses specific tumor antigens. Yet it is

difficult to elicit an immune response against CLL cells,

because of the absence of co-stimulatory molecules on

APCs and the high expression of immunosuppressive fac-

tors. A vaccine strategy should try to overcome this prob-

lem, making APCs more efficient in presenting antigens

and in inducing an antitumor response. Even in CLL

patients, peptide vaccinations with HLA-A2 specific

RHAMM-R3 peptide were carried out, as in other diseases.

A total of 6 HLA-A2 patients were immunized every

2 weeks with the addition of GM-CSF and in 4 patients

hematological improvements such as B lymphocytes

reduction in peripheral blood were observed. Five out of 6

patients showed RHAMM-R3 specific CD8? T cells

together with substantial changes in T cell subset and in

cytokines secretion induced by vaccinations [71]. To

escape the immunological defect of CLL immune system,

an effective vaccine strategy should probably include the

use of dendritic cells and APCs as cellular vehicle of

antigens, but this is not a topic discussed in this review.

Peptide vaccines in non-hodgkin lymphoma

Several clinical investigations in lymphoma immunother-

apy were performed over the years. However, the most

appealing vaccines developed for non-hodgkin lymphoma,

and in general for all lymphoproliferative disorders,

employed tumor-derived Id protein, and not Id-derived

peptides, as tumor-specific antigen. Id has been associated

to immunological adjuvants like KLH or GM-CSF, to

increase its immunogenic capacity [72]. Interesting studies

in the recent years, are three randomized clinical trials that

compared chemotherapy followed by Id vaccination to

chemotherapy alone. A total of nearly 800 patients with

follicular lymphoma, either previously untreated or with

relapsed disease were enrolled [73–75]. Rituximab was

part of the induction regimen in 2 of the trials, but not in

the third; it has been shown that previous rituximab treat-

ment with resulting B cell ablation does not affect the

ability of an anti-Id vaccine to elicit cellular responses.

Although these studies are different in terms of therapeutic

schedule, subset of patients and vaccine production tech-

nique, they have shown an improvement of PFS (progres-

sion free survival) or DFS (disease free survival) in the

group of patients mounting an anti Id-specific immune

response. However, after several years, clinical results

about tumor-specific protein vaccine strategy in the context

of NHL appear still unsatisfactory compared to the great

outcome of monoclonal antibodies.

Discussion

Albeit the rationale behind the development of antitumor

peptide vaccines is solid and hundreds of preclinical

studies have validated their role as potential mediators of

an antitumor response in vivo, clinical results have been

disappointing in the majority of trials. One critical issue

may be the clinical setting in which antitumor peptide

vaccines are applied. Tumor debulking through conven-

tional treatment (i.e., chemotherapy, radiotherapy, surgery)

is a necessary step before vaccination because advanced

tumor load is associated with redundant immunosuppres-

sion. Thus, the reduction of tumor burden may greatly

diminish the immunosuppressive mechanisms sometimes

associated with tumor growth to allow more vigorous

expansion of antitumor effectors. Considering this aspect,

hematological malignancies offer particular characteristics

that should make them an ideal target of vaccine-based

therapeutic interventions. In fact, in the vast majority of
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patients, chemotherapy produces an effective tumor deb-

ulking and a minimal residual disease state in the context

of which immune therapy may be inserted.

After determining the optimal setting of application of

an antitumor vaccine, the subsequent aspect to take into

consideration, is the clinical response and its evaluation.

The ultimate goal of any treatment is to cure a disease.

When such achievement is not promptly accomplished,

surrogate end points are used that may provide a concep-

tual bridge between the intervention and its target. In the

field of immune therapy, this concept is extremely appro-

priate, because cancer vaccines constitute a unique thera-

peutic modality in that they initiate a dynamic process

involving the host’s immune response. Consequently, a

repeated dose of peptide vaccinations over months may be

required before patient’s clinical benefit is observed and

there most likely will be a ‘‘dynamic balance’’ between the

induction and maintenance of host immune response ele-

ments to the vaccinations vs host/tumor factors that have

the potential to diminish those responses. Thus, ‘‘patient

response’’ in the sense of disease stabilization and pro-

longed survival may be more appropriate to monitor than

strictly ‘‘tumor response’’. This can be obtained, for

example, in the form of enhanced patient benefit to sub-

sequent therapies following vaccine therapy.

Another aspect that is crucial but yet controversial is the

immunological response to the peptide vaccine that is often

considered a surrogate of a clinical response. Based on the

results of several clinical studies, statistical correlations do not

always exist between antigen-specific immune responses to

vaccine and patient benefit. These findings may be con-

founded by several phenomena: (i) the majority of studies

have examined antigen-specific CD4? or CD8? T cells only

in blood, which may not always correlate with their presence

in the bone marrow or in the other tumor sites; (ii) only a few

studies have monitored the avidity of antigen-specific T cells

against tumor [76]; (iii) rarely is evaluated the presence of T

cells directed against other tumor-associated antigens as a

result of the initial tumor-cell disruption by peptide vaccine-

induced T cells [77]. In conclusion, the era of antitumor

vaccine (and particularly tumor-derived peptide vaccines) is

not surely at the end, but it will be challenging for tumor

immunologists to find a role for this still fascinating approach,

while more and more new target molecules will be available

to treat hematologic malignancies.
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