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Abstract: Cancer is an uncontrolled growth of cells that invade surrounding tissue replacing native cells resulting in 

disease and finally death. Mutation in genes that encode cell cycle proteins causes cancer. Development of cancer 

vaccine is the need of the century. Research in molecular biology and immunology has resulted in the development of a 

range of recombinant vaccines viz., antigen, tumor cell, anti-idiotype antibody-based, dendritic cell-, DNA-, and viral-

vector based- vaccines.  Success of cancer vaccine appears to be limited. Targeted vaccines become ineffective as the 

target mutates. Genetically engineered vaccines may prove to be ineffective as neutralizing antibodies may be produced. 

Adjuvants used for poorly immunogenic vaccines may prove to be toxic. Thus, the development of effective cancer 

vaccines require continued efforts, thoughtful clinical trials, and scientific progress which might induce long-term 

specific anticancer response with immune memory cells, and could contribute to effective and lasting elimination of 

malignant cells. 
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INTERODUCTION 

 Cancer is a fatal disease caused by environmental 

factors that mutate genes encoding critical cell-

regulatory proteins. The resultant aberrant cell 

behaviour leads to expansive masses of abnormal cells 

that destroy surrounding normal tissue and spread to 

vital organs resulting in disseminated disease, 

commonly a harbinger of imminent patient death. [1] 

 

 In spite of significant progress in recent years 

towards the development of new targeted therapies, 

cancer remains a largely unmet medical need and the 

leading cause of death in industrialized countries [2]. 

 

 Cancer prominence in the western world rose from 

the nineteenth century to become “a disease of 

civilization.‟‟[3].Cancer death rate in America, after 

climbing unrelentingly for a century, peaked in 1990. 

Since then it has dropped by 12 percent back to its level 

in 1960. Cancer still claimed 564 thousand American 

lives in 2004, which constituted 24 percent of deaths 

from all causes [4]. 

 

 The picture is a little different in the developing 

countries, where cancer death rate is lower but rising. 

Worldwide in 2000, cancer caused 6.7 million deaths. 

The World Health Organization estimated that if 

unchecked, annual global cancer deaths could rise to 15 

million by 2020 [5]. Currently there are several 

techniques that are being used to treat cancer like 

Angiogenesis Blockers, Bone Marrow Transplants, 

Chemo Therapy, Cryosurgery, Gene Therapy, Laser 

Therapy, Photodynamic Therapy, Radio Therapy & 

Stem Cell Therapy [6]. 

 

Types of cancer 

 According to conventional allopathic medicine there 

are over 150 types of cancers that can be categorized as 

carcinomas, sarcomas, leukemias, lymphomas, and 

myelomas [7,8]. 

  

 Scientists are developing several experimental cancer 

vaccines that could lead to the eradication of cancer this 

century.  

The term cancer vaccine refers to a vaccine that 

prevents infections with cancer causing viruses, treats 

existing cancer or prevents the development of cancer 

in certain high risk individuals [9].  

 

 Vaccine development is one of the most promising 

and exciting fields in cancer research; numerous 

approaches are being studied to developed effective 

cancer vaccines. The aim of this form of therapy is to 

teach the immune system to recognize antigens that 

escaped the immunologic surveillance and are 

„tolerated‟ by it, therefore able to survive and, in time, 

disseminate [10]. 

 

There are two broad types of cancer vaccines: 

 Preventive (or prophylactic) vaccines: which are 

intended to prevent cancer from developing in healthy 

people; and 

 Treatment (or therapeutic) vaccines: which are 

intended to treat an existing cancer by strengthening the 

body‟s natural  defenses against the cancer [11]. 

 

There are two major categories that cancer vaccines fit 

into: 
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Specific Cancer Vaccines – Treat specific 

type of cancers. Different vaccines are needed 

to treat different types of cancers. 

Universal Cancer Vaccines –Fight cancer 

cells regardless of cancer type [12]. 

 

DIFFERENT KINDS OF CANCER VACCINES  

 

Antigen vaccines 

 Antigen vaccines use tumor specific antigens to 

stimulate the immune system. The antigens are usually 

proteins or peptides. By injecting these antigens into the 

cancerous area of the patient, the immune system 

produces an increased amount of antibodies or 

cytotoxic T lymphocytes/ killer T cells. Antigen 

vaccines boost the immune system by using only one 

antigen (or a few) [13]. Tumor immunotherapy can 

generally be classified as (a) passive (or adaptive), 

consisting of administration of cells or antibodies ex 

vivo, and (b) active, represented by vaccines, aimed at 

eliciting a specific immune response against tumor-

specific antigens (TSAs) and tumor-associated antigens 

(TAAs). Both have their specificities as well as 

limitations [14, 15].  

  

 In cancer, most antigens are derived from mutated or 

modified self-proteins against which   there is often a 

certain level of immune tolerance. To elicit anti-tumor 

immunity without autoimmunity the vaccines have to 

overcome this tolerance & design of such appropriate 

vaccine is a great challenge [16]. 

 

Tumor Cell Vaccines 

 Whole-cell tumor vaccines have been investigated for 

more than 20 years for their efficacy in both preclinical 

models and in clinical trials in humans. There are clear 

advantages of whole-cell/polyepitope vaccination over 

those types of immunotherapy that target specific 

epitopes. Multiple and unknown antigens may be 

targeted to both the innate and adaptive immune 

system, and this may be further augmented by genetic 

modification of the vaccine cells to provide cytokines 

and co-stimulation [17]. 

 

  Whole tumor cells are a good source of TAAs and 

can induce simultaneous CTLs and CD4 (+) T helper 

cell activation. Current approaches prepare whole tumor 

cell vaccines, including traditional methods of freeze-

thaw lysates, tumor cells treated with ultraviolet 

irradiation, and RNA electroporation, along with more 

recent methods to increase tumor cell immunogenicity 

with HOCl oxidation or infection with replication-

incompetent herpes simplex virus [18]. 

 

Tumor cell vaccines may be: 

 Allogeneic: vaccines made from 

melanoma tumor cells taken from 

individuals other than the patient. 

 Autologous: vaccines  made from 

melanoma antigens taken from a 

patient's own cancer cells 

 

 A variety of cancer cells and cell fragments 

are used in tumor cell vaccines: 

 Whole tumor cells. 

 Tumor lysates: fragments of 

destroyed tumor cells. 

 Tumor oncolysates: an extract made 

from cancer cells infected with a 

strain of virus destructive to the 

cancer cells. 

 Apoptotic bodies: fragments of cells 

that have died a natural death. 

 Transduced tumor cells: cancer cells 

that have been altered through genetic 

engineering to include genetic 

material from cytokines, proteins that 

stimulate the activity of immune cells, 

including cytotoxic T cells [19]. 

 A major disadvantage of whole-cell tumor vaccines 

is that tumor cells, as such, are generally not 

immunogenic. Other approaches such as the use of 

purified fractions of allogeneic tumor cell lines as 

antigens that are shed by the tumor cells into the culture 

media have been used to improve immunogenicity [20]. 

 

 An adjuvant is an ingredient added to a vaccine to 

improve the immune response it produces. Currently, 

the only adjuvant licensed for human use in the United 

States is an “alum” adjuvant, which is composed of 

aluminum salts [21]. In addition to alum, oil-in-water 

emulsions & monophosphoryl lipid  (MF59®) + alum, 

known as AS04 are the two other adjuvants used in 

approved vaccines [22].The design of cancer vaccine 

adjuvants has evolved with the understanding that the 

synergy of conserved pathogen associated molecular 

patterns (PAMPs) with specific pattern recognition 

receptors (PRRs) and downstream signalling leading to 

activation of NF-kB and IRF- 3 and expression of pro-

inflammatory cytokines forms the basis of innate 

immunity [23]. Many cytokines that are produced in 

response to activation of innate immunity continue to be 

used individually as recombinant proteins, fusion 

partners with selected TAAs and co-expressed with 

TAAs in gene based cancer vaccines [24]. Perhaps the 

most significant development of cancer vaccine 

adjuvants has been the addition of various TLR (Toll 

like receptors) agonists to vaccine formulations, 

including TLR-3, TLR-4, TLR-5 TLR-7 TLR-7/8, and 

TLR-9 [25-27]. Either individually or in concert, these 

TLR agonists have been shown to significantly enhance 

vaccine potency. The TLR-targeted adjuvants are 

typically formulated as microparticles/ nanoparticles or 

liposomes, along with selected antigens [28]. 

 

 Preclinical findings and clinical applications of 

TRICOM based vaccines as cancer immunotherapy 
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were reviewed. It was found that TRIad of 

COstimulatory Molecules (TRICOM; B7-1, ICAM-1 

and LFA-3) enhanced T-cell responses to TAAs to 

levels far greater than any one or two of the 

costimulatory molecules in combination [29]. 

 

Anti-Idiotype antibody-based Vaccines 

 Immunoglobulin (Ig) molecules contain highly 

specific, unique peptide sequences in their variable 

regions at the antigen-combining sites in the 

complementary-determining regions. These form the 

unique antigen recognition site of the Ig protein and 

contain determinants that themselves can be recognized 

as antigens, or idiotypes [30]. 

 

 The idiotype of each V region of a single 

immunoglobulin molecule may comprise of as many as 

15–20 idiotopes, which can be distinguished by 

monoclonal anti-idiotypic antibodies or defined by a 

specific and unique amino acid sequence. Both the 

binding specificity and the idiotype of an antibody are 

determined mainly through recombination events  that 

occur after exposure to a specific antigen. These 

idiotypes are more likely to be sequence- dependent, 

and linear antigenic determinants. The hypervariable 

regions (CDRs) are thought to be the primary 

immunogenic sites within the variable region, but any 

part of the variable region of immunoglobulin may 

contribute to the structure of an idiotype. In a number of 

systems, the CDR3 region has been shown to be the 

highest contributor; however, contributions by CDR1 

and CDR2 are not uncommon [31]. 

 

 Chemotherapy followed by idiotype vaccination with 

or without GM-CSF seems to be an effective regimen to 

immunize against lymphoma; several investigators are 

trying to improve this approach. One process under 

evaluation is the use of DCs pulsed with idiotype 

protein. Results of the first clinical trial in patients with 

relapse follicular lymphoma have been encouraging, 

with evidence of both cellular immune responses and 

clinical responses in approximately 30% of patients 

[32]. 

 

Dendritic Cell Vaccines 

 Dendritic cells (DCs) are considered the most potent 

APC of the immune system, and are unique in their 

ability to stimulate naïve T cells. DCs are adapted to 

capture proteins, proteolytically digest them, and 

present the resulting peptides on their cell membranes 

bound to MHC antigens [33]. 

 

 Investigators are using tumor antigens alone or in 

combination with dendritic cells in various forms to 

constitute vaccines. Therapies are being delivered to 

many patients with different types of cancer in order to 

combat bulky disease, eliminate micro-metastatic 

disease, and provide a memory mechanism to fight 

tumor recurrence [34].  Several DC-based cancer 

vaccines have been developed to date including DC 

loaded with, tumor peptides or whole proteins [35],with 

tumor-derived mRNA or DNA [36], DC transduced 

with viral vectors such as retroviruses [37], lentiviruses 

[38] , adenoviruses [39], fowl pox [40] and alphaviruses 

[41] containing the tumor antigen or gene of interest, 

whole necrotic or apoptotic tumor cells [42], tumor cell 

lysates [43] and DC-fused with tumor cells [44, 45]. 

Although the potential of DC-based vaccines to induce 

an antigen-specific response have been shown in many 

clinical trials and preclinical animal models [46], 

choosing the best DC population from several DC cell 

subsets with distinct properties and functions has been a 

challenge. Each subset of DC has a unique capability of 

activating either  Th1, Th2 or Th17 cells [47]. Once a 

particular DC subset has been isolated or generated, it 

must undergo a maturation process to enhance its ability 

to activate T cells. Recent studies have proved that as 

compared to immature DC, mature DC induce a 

superior immune response and correlate with a better 

clinical outcome [48-50]. 

 

 Studies have also shown that co-administration of 

toll-like receptor 9 agonists, CpG 

oligodeoxynucleotides, can promote DC vaccines to 

break immune tolerance to tumor antigens. The 

therapeutic efficacy of in vivo DC activation has been 

investigated by directly administering glioma cell lysate 

with CpG oligodeoxynucleotides (CpG/lysate) in 

glioma-bearing mice. Results suggest direct vaccination 

with CpG/lysate provides an alternative and effective 

approach to induce host antitumor immunity and 

warrants clinical investigation in the immunotherapy of 

cancer [51]. 

It seems that an advantageous treatment option may 

be cellular immunotherapy with dendritic-cell vaccines 

which might induce long-term specific anticancer 

response with immune memory cells, which could 

contribute to effective and lasting elimination of 

malignant cells [52]. Many animal studies have 

demonstrated that the DCs/tumor fusion vaccine not 

only provided protection against challenge with tumor 

cells, but also regressed established tumors, including 

melanoma [53-56], colorectal [57-62], breast [63-64], 

esophageal [65], pancreatic [66], hepatocellular [67–

70], lung [71], laryngeal [72], renal cell carcinoma [73], 

sarcoma [74], myeloma [75], mastocytoma [76], and 

neuroblastoma [77]. 

 

DNA Vaccines 

 DNA vaccines are bacterial plasmids constructed to 

express an encoded protein following in vivo 

administration and subsequent cell transfection. DNA 

vaccines have many advantages for tumor antigens. 

First, to some extent, encoded antigens can enter the 

processing and presentation pathways of the immune 

system and induce adaptive (antibodies, helper T cells, 

and cytotoxic lymphocyte) and innate immune 

responses in a manner similar to natural infection. 

Second, non-specific innate immunity stimulation, 
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which can act against tumor growth, is provided by the 

bacterial DNA backbone [78-82].  

 

 The reasons for the failure of DNA vaccines to 

induce potent immune responses in humans have not 

been elucidated. With further optimization DNA 

vaccine strategies can be improved, with significant 

effects on the outcome of immunization. Efforts to 

improve DNA vaccines have resulted in their enhanced 

efficacy in animals. However, the uptake of DNA 

plasmids by cells upon injection is very inefficient. 

Nowadays, two basic strategies have been applied for 

increasing DNA vaccine potency: 

 

 I. Physical approaches 

  1. Tattooing 

  2. Gene gun 

  3. Ultrasound 

  4. Electroporation 

  5. Laser 

 

 II. Viral and non-viral delivery systems  

  1. Biological gene delivery systems (viral vectors) 

  2. Non-biological gene delivery systems (non-viral 

vectors) such as: 

   2.1. Cationic lipids/liposomes 

   2.2. Polysaccharides and cationic polymers 

   2.3. Micro-/Nano-particles 

   2.4. Cationic peptides/Cell-penetrating peptides 

(CPP) 

 

 Both approaches are effective in animal models, but 

have yet to be evaluated fully in human clinical trials 

[83-85]. 

 The only drawback of DNA vaccines, especially if 

using oncogenic DNA, is the potential of the DNA to 

integrate into the genome of the cell that takes it up, 

thus promoting malignancy. Using RNA instead, a 

more recent approach, can avoid the integration 

problem [86]. 

 

Viral-vector based vaccines 

 Vectors based on recombinant viruses have shown 

great promise and play an important role in the 

development of new vaccines. Many viruses have been 

investigated for their ability to express proteins from 

foreign pathogens and induce specific immunological 

responses against these antigens in vivo. Generally, 

gene-based vaccines can stimulate potent humoral and 

cellular immune responses and viral vectors might be an 

effective strategy for both the delivery of antigen-

encoding genes and the facilitation and enhancement of 

antigen presentation [87]. Vectors are self-adjuvanted 

and offer the ability to express multiple TAAs along 

with an array of immune co-factors, arguably, they have 

yet to demonstrate convincing efficacy in pivotal 

clinical trials. However, in recent years, more 

coordinated studies have revealed mechanisms to 

optimize current vectors and have lead to the 

development of new advantageous vector systems. The 

major disadvantage of some vectors is that host-induced 

antibodies can neutralize the vector and limit its 

efficacy with repeated use [88, 89]. 

 

 The first viral vector used was Vaccinia, a poxvirus, 

over 20 years ago [90]. Several other vectors have been 

developed based on the poxviruses, such as the 

modified Vaccinia virus Ankara (MVA) [91], and avian 

poxviruses, such as fowlpox [92] and canarypox [93-

95]. Naked DNA and RNA can be made more 

immunogenic by incorporating them into viral vectors. 

 

 These vectors facilitate the production of high levels 

of proteins inside the cells that are transduced. Also, the 

vector itself can provide an adjuvant effect, enhancing 

the immune response against the transgenic protein. 

Although a single vector should not be seen as a 

universal vaccine carrier appropriate for use in vaccine 

development against every disease, the characteristics 

of each virus vector-based vaccine can be exploited for 

use in specific cases. Moreover, the feasibility of 

administering viral vector-derived vaccines in 

combination modalities with other vaccines gives these 

vaccines an additional advantage [92]. In vivo 

experiments have shown that mice immunized with the 

combined approach of Ad5-PSA and CpG had 

enhanced protection against the subsequent tumor 

challenge as compared to mice immunized with vaccine 

alone [96]. 

 

 HPV-related cancers, low-grade neoplasia, genital 

warts, and RRP constitute a substantial public health 

burden. A prophylactic quadrivalent HPV 6/11/16/18 

vaccine is highly effective in reducing the risk of HPV 

6-, 11-, 16-, and 18-associated anogenital diseases. 

There are ongoing studies to evaluate vaccine efficacy 

in men and adult women. Immunization with this 

vaccine holds promise for reducing the overall burden 

of clinical HPV disease [97]. 

 

Limitations of Cancer Vaccines 

 Today, most cancer vaccines are targeted. The 

limitations of targeted vaccines are very similar to the 

limitations of other targeted therapies like mAbs; i.e. 

not all patients' antigens are the same and tumor cells 

and their antigens mutate. In other words, when the 

targets change, the targeted vaccine becomes 

ineffective. Moreover, cancer cells used for the 

development of vaccines contain a high proportion of 

targets which are not cancer cell-specific, and an 

enrichment of cell surface material is needed to improve 

the effectiveness of cancer vaccines. Response of  

"targeted therapies" appear to be around 20 to 30 

percent [98, 99]. 

 

 Autologous vaccine therapy being very costly may 

also cause auto-reactivity and the subsequent 

development of an autoimmune disease. Patients treated 

with genetically engineered vaccines may produce 

neutralizing antibodies, which could cause subsequent 
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therapies with the same product to become ineffective. 

The use of adjuvants in poorly immunogenic vaccines 

may increase immunogenicity of the vaccine, but may 

also cause increased toxicity [98]. 

 

 While cancer vaccination itself is a promising novel 

approach, its combination with additional therapies 

could produce much more synergistic effects [100]. 

 

Table for cancer vaccine [101-103] 

 

Company Product Description Indication 
Trial 

phase 

 
Whole-cell-based autologous cells (personalized) 

Avax 

Technologies 

 

M-Vax 

Autologous cell vaccine in 

which patient tumor cells are 

treated with the hapten 

dinitrophenyl 

Metastatic melanoma 

with at least one 

tumor to create 

vaccine 

Phase 3 

Dendreon Provenge 

Autologous dendritic cells 

exposed ex vivo to fusion 

protein combining prostate 

alkaline phosphatase and 

GM-CSF 

Asymptomatic, 

metastatic hormone-

refractory prostate 

cancer 

Phase 3 

Geron GRNVAC1 

Autologous dendritic cells 

transfected with mRNA for 

human telomerase and a 

portion of lysosome- 

associated membrane protein 

(enhances antigen 

presentation) 

AML in remission Phase 2 

IDM Pharma Bexidem 
Autologous interferon- -

activated macrophages  

Superficial bladder 

cancer 

Phase 

2/3 

  Uvidem 

Autologous dendritic cell 

vaccine loaded ex vivo with 

tumor antigens derived from 

resected tumor 

Melanoma with M1a 

or M1b stage disease 

and/or in-transit 

lesions; stage III and 

IV melanoma 

Phase 2 

  Collidem   Colorectal cancer 
Phase 

½ 

Introgen 

Therapeutic 
INGN 225 

Dendritic cells treated with 

an adenovector carrying the 

human p53 gene 

Advanced metastatic 

SCLC 

Breast 

Phase 2 

MolMe M3TK 

T cells bioengineered to 

express MAGE 3 tumor 

antigen 

Metastatic melanoma 
Phase 

2  

Northwest 

Biotherapeutics 
DC-Vax Prostate 

Dendritic cells loaded with 

recombinant prostate-

specific membrane antigen 

(PSMA) 

Hormone-dependent, 

nonmetastatic 

prostate cancer 

Phase 3 

  DC-Vax Brain 
Dendritic cells loaded with 

tumor extract 

Newly diagnosed 

glioblastoma 

multiforma requiring 

surgery, radiation 

and chemotherapy 

Phase 2 

Prima Biomed CVac Dendritic cells primed with a Late-stage ovarian Phase 2 
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Company Product Description Indication 
Trial 

phase 

mucin-1 and a mannan-

fusion protein adjuvant 

cancer 

Whole-cell-based allogeneic tumor cells (off-the-shelf) 

Cell Genesys 
GVAX 

pancreatic 

Two allogeneic cultured 

cancer lines, irradiated and 

bioengineered to secrete 

GM-CSF. 

Metastatic pancreatic 

cancer 
Phase 2 

 
GVAX leukemia 

One allogeneic leukemia cell 

line irradiated and 

bioengineered to secrete 

GM-CSF 

Newly diagnosed 

AML, chronic CML 

and myelodysplastic 

syndrome 

Phase 2 

NovaRx Lucanix 

Four non-small cell lung 

cancer cell lines carrying 

antisense oligonucleotides 

against transforming growth 

factor -2 

Advanced NSCLC Phase 3 

Onyvax 

 
Onyvax-P 

Three human cell lines 

representing different stages 

of prostate cancer 

Hormone-resistant 

prostate cancer 
Phase 2 

Unique-antigen-based (personalized): purified peptide or protein 

Antigenics 
HSPPC-96 

Oncophage 

Heat shock protein vaccine 

purified from autologous 

tumor cells 

Recurrent glioma 

Phase 

2  

 

      
Resected renal-cell 

carcinoma (RCC) 
Phase 3  

Biovest 

International 
BiovaxID 

Tumor-specific idiotype 

conjugated to keyhole limpet 

hemocyanin, plus GM-CSF 

Mantle cell 

lymphomaIndolent 

follicular B-cell non-

Hodgkin's lymphoma 

Phase 2 

Phase 3 

Shared antigen (off-the-shelf): purified protein or peptide 

Apthera  NeuVax 

Immunogenic peptide 

derived from the Her-2/neu 

protein plus GM-CSF 

Early-stage Her-2-

positive breast cancer 

Phase 

2/3 

CellDex CDX-110 
A 14-amino-acid segment of 

a mutated EGFR 

Glioblastoma 

multiforme 

Phase 

2/3 

Cytos 

Biotechnology  

CYT004-

MelQbG10 

Modified fragment of the 

Melan-A/MART-1 protein 

coupled to the carrier QbG10 

Advanced-stage 

melanoma 
Phase 2 

Generex 

Biotechnology 

IiKey/HER2/neu 

cancer vaccine 

Peptide vaccine containing 

Ii-Key modified Her-2/neu 

protein fragment 

Node-negative breast 

cancer 
Phase 2 

GlaxoSmithKline 

Biologicals 

MAGE-A3 

antigen-specific 

cancer 

immunotherapeu

tic 

Liposomally packaged 

cancer vaccine against 

MAGE-3 antigen 

Metastatic MAGE-

A3-positive 

melanomaNSCLC 

following surgery 

Phase 3 

Phase 3 

IDM Pharma IDM-2101 

Nine CTL epitopes from 

four tumor-associated 

antigens, including two 

proprietary native epitopes 

NSCLC Phase 2 
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Company Product Description Indication 
Trial 

phase 

and seven modified epitopes 

and one universal epitope (a 

source of T-cell help) 

Immatics 

Biotechnologies 
IMA901IMA910 

Peptide vaccine comprising 

multiple fully synthetic 

tumor-associated peptides 

Renal 

cancerColorectal 

cancer 

Phase 2 

Phase 

½ 

Norwood 

Immunology 

Melanoma 

cancer vaccine 

Melanoma-specific peptides 

gp100 and MAGE-3 
Melanoma Phase 2 

Oncothyreon Stimuvax 

Liposomal vaccine 

containing a synthetic 25–

amino-acid-peptide sequence 

from MUC-1 

Stage lll NSCLC Phase 3 

Pharmexa  GV1001 

Recombinant protein vaccine 

targeting human telomerase 

reverse transcriptase, plus 

GM-CSF 

PancreaticLiverLung 

Phase 3 

Phase 2 

Phase 2 

 

CONCLUSION 

 The vaccine development for Cancer is an exemplary 

approach of researchers to fight the most dreadful 

disease around the globe. Many clinical trials are 

underway to test vaccines as potential treatments for a 

wide variety of cancer types. Research in molecular 

biology and immunology has resulted in the 

development of a range of recombinant vaccines. As of 

yet success with cancer vaccines is limited. Evidence is 

emerging that vaccines will work synergistically with 

established cancer therapies such as chemotherapy, 

surgery, immunotherapy, and radiation. Thus, there is a 

need for relevant preclinical and early clinical studies to 

further evaluate these approaches. 

 

 Future clinical trials will also need to incorporate 

more extensive monitoring of immune responses to help 

determine how vaccines induce effective tumor 

immunity, and to validate specific assays that correlate 

with clinical responses. Finally, almost all of the 

clinical trials of cancer vaccines have been in patients 

with advanced-stage disease. The ability of these 

vaccines to prolong survival in patients with early stage 

disease and low tumor burden needs to be further 

explored.  

 

Many unanswered questions and challenges lie 

ahead. Optimization of strategies, route, timing, and 

dose of administration will be critical in the 

development of cancer vaccines. Continued efforts, 

clinical trials, and scientific progress will allow the 

development of more potent targeted therapies for 

cancer patients. 

 

 In summary, it is critical that strategies being 

developed for cancer vaccines be based on clearly 

defined cellular and molecular targets. We must design 

rational combinations that act upon several cellular 

types, including initiators of the immune response 

(APCs) and effector cells (T cells). Finally, thoughtful 

clinical trial design is imperative to evaluate cancer 

vaccines at this early stage. Given the abundance of 

concepts coming from the laboratories, the next decade 

presages unprecedented growth in the development of 

effective cancer vaccines. 

 

REFERENCES 

1. Alison MR; Cancer. Encyclopedia of Life 

Sciences. Nature Publishing Group, 200; 1-8. 

2. Globocan Project by International Agency for 

Research on Cancer (2008) world health 

orgenisation. Cancer Incidence and Mortality 

Worldwide in 2008.  http://globocan.iarc.fr/  

3. Sunny YA; Cancer causes and cancer research  

on many levels of complexity online: 

http://www.creatingtechnology.org/biomed/ca

ncer.pdf 

4. Andersen LD, Remington P, Trentham-Dietz 

A and Reeves M; Assessing a decade of 

progress in cancer control. The Oncologist, 

2002; 7: 200-204. 

5. Rastogi T, Hildesheim A and Sinha R; 

Opportunities for cancer epidemiology in 

developing countries. Nature Reviews Cancer, 

2004; 4: 909-917.  

6. Jaganti V, Sukirti D and T.Sai S; A Review on 

Cancer Vaccines International Journal of 

Pharma and Bio Sciences, 2011; 2(3): 86-97. 

7. Michael L; Beating Cancer with Natural 

Medicine. Library of Congress Control, 2003; 

56. 

8. Matthias R; Cellular Health Series: Cancer, 

First edition, MR Publishing, Inc., 2001: 50-

52. 

9. Claudia N; Bibliotheca Alexandrina 120433. 

http://www.bibalex.org/libraries/presentation/s

tatic/Cancer_Vaccines _eng_ 1204.pdf  

http://www.bibalex.org/libraries/presentation/static/
http://www.bibalex.org/libraries/presentation/static/


Jyoti Menaria et al., Sch. J. App. Med. Sci., 2013; 1(3):161-171 

 

    168 

 

 

10. Bitton RJ, Guthmann MD, Gabri MR, Carnero 

AJL, Fainboim L and Daniel EG; Cancer 

vaccines: An update with special focus on 

ganglioside antigens (Review). Oncology 

Reports, 2002; 9: 267-276.   

11. Lollini PL, Cavallo F, Nanni P and Forni G; 

Vaccines for tumour prevention. Nature 

Reviews Cancer, 2006; 6(3): 204–216.  

12. Kumar VP, Prasanthi S, Lakshmi VRS and Sai 

Santosh MV; Cancer Vaccines: A Promising 

Role in Cancer Therapy. Academic Journal of 

Cancer Research, 2010; 3 (2): 16-21. 

13. Graziano DF and Finn OJ; Tumour antigens 

and tumour antigen discovery. Cancer Treat 

Res, 2005; 123: 89–111. 

14. Bendle GM, Holler A, Downs AM., Xue SA 

and  Stauss HJ; Broadly expressed tumour-

associated proteins as targets for cytotoxic T 

lymphocyte-based cancer immunotherapy. 

Expert Opinion on Biological Therapy, 2005; 

5(9): 1183–1192. 

15. Schietinger A, Philip M and Schreiber H; 

Specificity in cancer immunotherapy. 

Seminars in Immunology, 2008; 20(5): 276–

285. 

16. Pardoll DM; Inducing autoimmune disease to 

treat cancer. Proc NatlAcad Sci, 1999;96: 

5340–5342. 

17. Copier J and  Dalgleish A; Overview of tumor 

cell-based vaccines. Int Rev Immunol, 2006; 

25(5-6): 297-319. 

18. Chiang CL, Benencia F, Coukos G and Semin; 

Whole tumor antigen vaccines. Immunol., 

2010; 22(3): 132-143.  

19. Treatment Immunotherapy: Tumor Cell 

Vaccines.Melanoma centre. 

http://www.melanomacenter.org/treatment/tum

orcellvaccines.html 

20. Kim J, Dessureault S, Gabrilovich D, Reintgen 

DS and Slingluff CL; Cancer Immunotherapy 

for Melanoma Christina. Cancer Control, 

2002; 9(1): 22-30. 

21. Understanding vaccine what they are how they 

work. U.S. departmenat of health and human 

services. NIAID science education, 2008:  33. 

http://www.niaid.nih.gov/topics/vaccines/docu

ments/undvacc.pdf 

22. Didierlaurent AM, Morel S, Lockman L, 

Giannini SL, Bisteau M, Carlsen H, et al; 

AS04, an aluminum salt- and TLR4 agonist-

based adjuvant system, induces a transient 

localized innate immune response leading to 

enhanced adaptive immunity. J Immunol, 

2009; 183: 6186–6197.  

23. Iwasaki A and Medzhitov R; Regulation of 

adaptive immunity by the innate immune 

system. Science, 2010; 327: 291–295. 

24. Tarhini AA and  Kirkwood JM; Clinical and 

immunologic basis of interferon therapy in 

melanoma. Annals of the New York Academy 

of Sciences, 2009; 1182: 47–57. 

25. Adams S, O‟Neill DW, Nonaka D, Hardin E, 

Chiriboga L, Siu K, et al; Immunization of 

malignant melanoma patients with fulllength 

NY-ESO-1 protein using TLR7 agonist 

imiquimod as vaccine adjuvant. J Immunol, 

2008; 181:776–784. 

26. Igartua M and Pedraz JL; Topical resiquimod: 

A promising adjuvant for vaccine 

development.  Expert Rev Vaccines, 2010; 9: 

23–27. 

27. Kumar H., Kawai T., and  Akira S. Pathogen 

recognition in the innate immune response. 

Biochem J, 2009; 420:1–16. 

28. Sun HX, Xie Y and  Ye YP;  Iscoms and 

Iscomatrix. Vaccine, 2009; 27:4388–4401. 

29. Charlie TG, John WG, Kwong-Yok T, Chie 

Kudo-Saito, et al; TRICOM Vector Based 

Cancer Vaccines. Current Pharmaceutical 

Design, 2006; 12: 351-361.  

30. Stevenson GT and Stevenson FK. Antibody to 

a molecularly-defined antigen confined to a 

tumour cell surface. Nature, 1975; 254: 714–

716. 

31. Uner A and Gavalchin J; Idiotypes. 

Encyclopedia of Life Sciences. John Wiley & 

Sons, Ltd, 2006: 1-5. 

32.  Igor E and Delgado;  Cancer Vaccines. The 

Oncologist, 2002; 7(3): 20- 33. 

33. Benjamin AT, Patricia AL, Michael LS and 

Alton LB; Dendritic Cell-Based 

Immunotherapy for Prostate Cancer. BC A 

Cancer  JC1, 1999; 49(2)  : 117 – 128.  

34. Yannelli JR and  Wroblewski JM;  On the road 

to a tumor cell vaccine: 20 years of cellular 

immunotherapy. Vaccine 2004; 23(1): 97–113.  

35. Li Y, Bendandi M, Deng Y, et al; 

Tumorspecific recognition of human myeloma 

cells by idiotype-induced CD8(+) T cells. 

Blood, 2000; 96: 2828–2833. 

36. Van VFT, Ponsaerts P, Lardon F, et al; Highly 

efficient gene delivery by mRNA 

electroporation in human hematopoietic cells: 

superiority to lipofection and passive pulsing 

of mRNA and to electroporation of plasmid 

cDNA for tumor antigen loading of dendritic 

cells. Blood, 2001; 98: 49–56. 

37. Ardeshna KM, Pizzey AR, Thomas NS, Orr S, 

Linch DC, Devereux S; Monocytederived 

dendritic cells do not proliferate and are not 

susceptible to retroviral transduction. Br J 

Haematol 2000;108: 817–824. 

38. He Y, Zhang J, Mi Z, Robbins P and Falo LD 

Jr; Immunization with lentiviral 

vectortransduced dendritic cells induces strong 

and long-lasting T cell responses and 

therapeutic immunity. J Immunol, 2005; 174: 

3808–3817. 



Jyoti Menaria et al., Sch. J. App. Med. Sci., 2013; 1(3):161-171 

 

    169 

 

 

39. Di Nicola M, Carlo-Stella C, Milanesi M, et 

al; Large-scale feasibility of gene transduction 

into human CD34+ cellderived dendritic cells 

by adenoviral/polycation complex. Br J 

Haematol, 2000; 111: 344–350. 

40. Kim CJ, Cormier J, Roden M, et al; Use of 

recombinant poxviruses to stimulate 

antimelanoma T cell reactivity. Ann Surg 

Oncol, 1998; 5: 64–76. 

41. Caley IJ, Betts MR, Irlbeck DMs, et al; 

Humoral, mucosal, and cellular immunity in 

response to a human immunodeficiency virus 

type 1 immunogen expressed by a Venezuelan 

equine encephalitis virus vaccine vector. J 

Virol, 1997; 71:3031–3038. 

42. Chen Z, Moyana T, Saxena A, Warrington R, 

Jia Z, Xiang J; Efficient antitumor immunity 

derived from maturation of dendritic cells that 

had phagocytosed apoptotic/necrotic tumor 

cells. Int J Cancer, 2001; 93: 539–548. 

43. Ferlazzo G, Semino C, Spaggiari GM, Meta 

M, Mingari MC, Melioli G; Dendritic cells 

efficiently cross-prime HLA class Irestricted 

cytolytic T lymphocytes when pulsed with 

both apoptotic and necrotic cells but not with 

soluble cell-derived lysates. Int Immunol 2000; 

12: 1741–1747. 

44.  Gong J, Nikrui N, Chen D, et al; Fusions of 

human ovarian carcinoma cells with 

autologous or allogeneic dendritic cells induce 

antitumor immunity. J Immunol, 2000; 165: 

1705–1711. 

45. Avigan D, Rosenblatt J and  Kufe D; 

Dendritic/tumor fusion cells as cancer 

vaccines. Semin Oncol., 2012; 39(3):287-295.  

46. Schuler G, Schuler-Thurner B, and Steinman 

RM; The use of dendritic cells in cancer 

immunotherapy. Curr Opin Immunol, 2003; 

15: 138–147. 

47. Yamazaki S, Inaba K, Tarbell KV and 

Steinman RM; Dendritic cells expand antigen-

specific Foxp3+ CD25+ CD4+ regulatory T 

cells including suppressors of alloreactivity. 

Immunol Rev., 2006; 212: 314– 329. 

48. Osada T, Clay TM, Woo CY, Morse MA and 

Lyerly HK; Dendritic cell based 

immunotherapy. Int Rev Immunol., 2006; 25: 

377–413. 

49. Jonuleit H, Giesecke-Tuettenberg A, Tuting T 

et al; A comparison of two types of dendritic 

cell as adjuvants for the induction of 

melanomaspecific T-cell responses in humans 

following intranodal injection. Int J Cancer, 

2001; 93:243–251. 

50. McIlroy D and Gregoire M; Optimizing 

dendritic cell-based anticancer 

immunotherapy: maturation state does have 

clinical impact. Cancer Immunol Immunother, 

2003; 52: 583–591. 

51. Wu A, Oh S, Gharagozlou S, Vedi RN, 

Ericson K, Low WC, Chen W, Ohlfest JR; In 

vivo vaccination with tumor cell lysate plus 

CpG oligodeoxynucleotides eradicates murine 

glioblastoma.  J Immunother., 2007; 30(8): 

789-797. 

52. Rolinski J,and  Hus I. Dendritic-cell tumor 

vaccines. Transplant Proc., 2010; 42(8): 3306-

3308. 

53. Wang J, Saffold S, Cao X, Krauss J and Chen 

W; Eliciting T cell immunity against poorly 

immunogenic tumors by immunization with 

dendritic cell-tumor fusion vaccines. Journal of 

Immunology, 1998; 161(10):  5516–5524.  

54. Cao X, Zhang W, Wang J et al; Therapy of 

established tumour with a hybrid cellular 

vaccine generated by using granulocyte-

macrophage colony-stimulating factor 

genetically modified dendritic cells. 

Immunology, 1999; 97(4):  616–625. 

55. Tanaka H, Shimizu K, Hayashi T, and Shu S; 

Therapeutic immune response induced by 

electrofusion of dendritic and tumor cells.  

Cellular Immunology, 2002; 220 (1): 1–12. 

56. Li J, Holmes LM, Franek KJ, Burgin KE, 

Wagner TE, and Wei Y; Purified hybrid cells 

from dendritic cell and tumor cell fusions are 

superior activators of antitumor immunity.  

Cancer Immunology Immunotherapy, 2001; 50 

(9): 456–462. 

57. Gong J, Chen D, Kashiwaba M and Kufe D; 

Induction of antitumor activity by 

immunization with fusions of dendritic and 

carcinoma cells. Nature Medicine, 1997;  3(5):  

558–561. 

58. Gong J, Avigan D, Chen D, et al; Activation of 

antitumor cytotoxic T lymphocytes by fusions 

of human dendritic cells and breast carcinoma 

cells.  Proceedings of the National Academy of 

Sciences of the United States of America, 

2000; 97(6): 2715–2718. 

59.  Koido S, Tanaka Y, Chen D, Kufe D and 

Gong J. The kinetics of in vivo priming of 

CD4 and CD8 T cells by dendritic/tumor 

fusion cells in MUC1-transgenic mice.  

Journal of Immunology, 2002; 168 (5): 2111–

2117.  

60. Gong J, Apostolopoulos V, Chen D, et al; 

Selection and characterization of MUC1-

specific CD8+ T cells from MUC1 transgenic 

mice immunized with dendritic-carcinoma 

fusion cells. Immunology, 2000; 101 (3):  

316–324. 

61. Yasuda T, Kamigaki T, Nakamura T, et al; 

Dendritic cell-tumor cell hybrids enhance the 

induction of cytotoxic T lymphocytes against 

murine colon cancer: a comparative analysis of 

antigen loading methods for the vaccination of 

immunotherapeutic dendritic cells.  Oncology 

Reports, 2006; 16(6):  1317–1324. 



Jyoti Menaria et al., Sch. J. App. Med. Sci., 2013; 1(3):161-171 

 

    170 

 

 

62. Yasuda T, Kamigaki T, Kawasaki K, et al; 

Superior anti-tumor protection and therapeutic 

efficacy of vaccination with allogeneic and 

semiallogeneic dendritic cell/tumor cell fusion 

hybrids for murine colon adenocarcinoma. 

Cancer Immunology, Immunotherapy, 2007; 

56(7): 1025–1036. 

63. Zhang M, Berndt BE, Chen JJ, and Kao JY; 

Expression of a soluble TGF-β receptor by 

tumor cells enhances dendritic cell/tumor 

fusion vaccine efficacy. Journal of 

Immunology, 2008; 181(5): 3690–3697. 

64. Tamai H, Watanabe S, Zheng R, et al; 

Effective treatment of spontaneous metastases 

derived from a poorly immunogenic murine 

mammary carcinoma by combined dendritic-

tumor hybrid vaccination and adoptive transfer 

of sensitized T cells. Clinical Immunology 

2008; 127(1): 66–77. 

65. Guo GH, Chen SZ, Yu J, et al; In vivo anti-

tumor effect of hybrid vaccine of dendritic 

cells and esophageal carcinoma cells on 

esophageal carcinoma cell line 109 in mice 

with severe combined immune deficiency.  

World Journal of Gastroenterology, 2008; 

14(8): 1167–1174. 

66. Yamamoto M, Kamigaki T, Yamashita K, et 

al; Enhancement of anti-tumor immunity by 

high levels of Th1 and Th17 with a 

combination of dendritic cell fusion hybrids 

and regulatory T cell depletion in pancreatic 

cancer. Oncology Reports, 2009; 22(2): 337–

343. 

67. Homma S, Toda G, Gong J, Kufe D and Ohno 

T; Preventive antitumor activity against 

hepatocellular carcinoma (HCC) induced by 

immunization with fusions of dendritic cells 

and HCC cells in mice. Journal of 

Gastroenterology, 2001; 36(11): 764–771.  

68. Irie M, Homma S, Komita H, et al; Inhibition 

of spontaneous development of liver tumors by 

inoculation with dendritic cells loaded with 

hepatocellular carcinoma cells in 

C3H/HeNCRJ mice.  International Journal of 

Cancer, 2004; 111(2): 238–345. 

69. Zhang HM, Zhang LW, Liu WC, Cheng J, Si 

XM, and Ren J; Comparative analysis of DC 

fused with tumor cells or transfected with 

tumor total RNA as potential cancer vaccines 

against hepatocellular carcinoma. Cytotherapy, 

2006;  8(6): 580–588. 

70. Sheng XL and Zhang H; In-vitro activation of 

cytotoxic T lymphocytes by fusion of mouse 

hepatocellular carcinoma cells and 

lymphotactin gene-modified dendritic cells. 

World Journal of Gastroenterology, 2007; 13 

(44): 5944–5950.  

71. Celluzzi CM and Falo Jr LD; Physical 

interaction between dendritic cells and tumor 

cells results in an immunogen that induces 

protective and therapeutic tumor rejection. 

Journal of Immunology, 1998; 160(7):  3081–

3085. 

72. Weise JB, Maune S, Gorogh T, et al; A 

dendritic cell based hybrid cell vaccine 

generated by electrofusion for immunotherapy 

strategies in HNSCC.  Auris Nasus Larynx, 

2004; 31(2):149–153.  

73. Siders WM, Vergilis KL, Johnson C, Shields J 

and Kaplan JM; Induction of specific 

antitumor immunity in the mouse with the 

electro fusion product of tumor cells and 

dendritic cells. Molecular Therapy, 2003; 7(4): 

498–505. 

74. Kjaergaard J, Shimizu K and Shu S; 

Electrofusion of syngeneic dendritic cells and 

tumor generates potent therapeutic vaccine. 

Cellular Immunology, 2003; 225(2):  65–74. 

75. Gong J, Koido S and Chen D; Immunization 

against murine multiple myeloma with fusions 

of dendritic and plasmacytoma cells is 

potentiated by interleukin 12. Blood, 2000; 

99(7): 2512–2517.  

76. Lespagnard L, Mettens P, Verheyden AM. et 

al; Dendritic cells fused with mastocytoma 

cells elicit therapeutic antitumor immunity.  

International Journal of Cancer, 1998; 76 (2):  

250–258. 

77. Iinuma H, Okinaga K, Fukushima R, et al; 

Superior protective and therapeutic effects of 

IL-12 and IL-18 gene-transduced dendritic 

neuroblastoma fusion cells on liver metastasis 

of murine neuroblastoma. The Journal of 

Immunology, 2006 ; 176(6): 3461–3469.  

78. 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):1517–1526. 

79. Maecker HT, Umetsu DT, DeKruyff RH and 

Levy S; Cytotoxic T cell responses to DNA 

vaccination: dependence on antigen 

presentation via class II MHC. Immunology, 

1998; 161(12):6532–6536. 

80.  Chan K, Lee DJ, Schubert A, Tang CM, Crain 

B, Schoenberger SP and Corr M; The roles of 

MHC class II, CD40, and B7 costimulation in 

CTL induction by plasmid DNA. J Immunol, 

2001; 166(5): 3061–3066. 

81. Pfaar O, Cazan D, Klimek L, Larenas-

Linnemann D, and Calderon MA; Adjuvants 

for immunotherapy. Curr Opin Allergy Clin 

Immunol 2012; 12(6): 648–657. 

82.  Victoria AP, Rachael LM, Barbara G, Ian S, 

Judith MR and Lindy GD; DNA vaccination 

with T-cell epitopes encoded within Ab  

molecules induces high-avidity anti-tumor 

CD81 T cells. Eur. J. Immunol., 2010; 40: 

899–910.  



Jyoti Menaria et al., Sch. J. App. Med. Sci., 2013; 1(3):161-171 

 

    171 

 

 

83.  Azam Bolhassani, Shima Safaiyan, Sima 

Rafati Bolhassani et al; Improvement of 

different vaccine delivery systems for cancer 

therapy. Molecular Cancer 2011, 10:3. 

84. Johnson E, Thomas PF, Arnot AR, et al; 

Safety and immunological efficacy of a 

prostate cancer plasmid DNA vaccine 

encoding prostatic acid phosphatase (PAP). 

Laura Vaccine, 2006; 24: 293–303. 

85. Ahmad S, Casey G, Paul S, Mark Tangney, 

O‟Sullivan Gerald C  et al; Optimised 

electroporation mediated DNA vaccination for 

treatment of prostate cancer.  Genetic Vaccines 

and Therapy 2010, 8:1 

86. Boczkowski D, Nair SK, Snyder D, Gilboa E; 

Dendritic cells pulsed with RNA are potent 

antigen-presenting cells in vitro and in vivo. J 

Exp Med 1996; 184: 465–472. 

87. Souza1 APD, Haut L, Reyes-Sandoval A and 

Pinto Brazilian AR; Recombinant viruses as 

vaccines against viral diseases. Journal of 

Medical and Biological Research, 2005; 38: 

509-522.  

88. Harropa R, Johnb J and Carrollb Miles W; 

Recombinant viral vectors. Cancer vaccines 

Advanced Drug Delivery, 2006; 58 (8): 931–

947. 

89. Philip MA, Mahsa M, Ravi AM and GulleyJL; 

Promising Novel Immunotherapies and 

Combinations for Prostate Cancer. Future 

Oncol., 2009; 5(2):187-196. 

90. Mackett M, Smith GL, and Moss B; Vaccinia 

virus: A selectable eukaryotic cloning and 

expression vector. Proc Natl Acad Sci, 1982; 

79: 7415–7419. 

91. Drexler I, Staib C and Sutter G; Modified 

Vaccinia virus Ankara as antigen delivery 

system: how can we best use its potential? 

Curr Opin Biotechnol 2004; 15: 506–512. 

92. Souza AP. Haut L, Reyes-Sandoval A, Pinto 

AR; Recombinant viruses as vaccines against 

viral diseases. Braz J Med Biol Res 2005; 38: 

509–522. 

93. de Bruyn G, Rossini AJ, Chiu YL, et al; Safety 

profile of recombinant canarypox HIV 

vaccines. Vaccine 2004; 22: 704–713. 

94. Jim T, Marie-Claude B.Neil B, Brian B, 

Michel K, and Philippe M; Therapeutic 

vaccines against melanoma and colorectal 

cancer p53 as a target for cancer vaccines: 

recombinant canarypox virus vectors 

expressing p53 protect mice against lethal 

tumor cell challenge. Vaccine, 2001; 19: 

2571–2575. 

95. Roth J, Dittmer D,  Rea D, Tartaglia J, Paoletti 

, and Levine AJ; p53 as a target for cancer 

vaccines: recombinant canarypox virus vectors 

expressing p53 protect mice against lethal 

tumor cell challenge.Proc Natl Acad Sci, 1996; 

93(10): 4781–4786. 

96. David M, Lubaroff, Dev K, and Michael PA; 

A. Decreased cytotoxic T cell activity 

generated by co-administration of PSA vaccine 

and CpG ODN is associated with increased 

tumor protection in a mouse model of prostate 

cancer. Vaccine, 2006; 24:  6155–6162. 

97. Barr E and Barr HL; Prophylactic HPV 

vaccines: New interventions for cancer control. 

Vaccine, 2008; 26:  6244–6257. 

98. Active Immunotherapy.  http://www.cel-

sci.com/active_immunotherapy.html 

99. Petr GL, and Elena EB; Review: Cellular 

Cancer Vaccines: an Update on the 

Development of Vaccines Generated from Cell 

Surface Antigens. J Cancer, 2010; 1:230-241.   

100. Tetsuro S. Nobukazu K, Shigetaka S, Akira Y, 

Masanori N, and Kyogo I; Review 

Overcoming the hurdles of randomised clinical 

trials of therapeutic cancer vaccines.  European 

Journal of Cancer, 2010; 46: 1514-1519. 

101. Luigi B, Annacarmen P, Maria LT and Franco 

MB; Translating Tumor Antigens into Cancer 

Vaccines. Clin Vaccine Immunol, 2011; 18 (1) 

23-34. 

102. Bruce G and Laura D. The cancer vaccine 

roller coaster. Nature Biotechnology, 2009; 27: 

129 – 139.  

103. Kuyler D, Shelly B and Philip V; The Ongoing 

Hopes and Challenges of Cancer .Oncology 

Business Review, 2010.   

 

 


