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Introduction:-

Worldwide 6.7 million deaths were reported due to cancer in 2000. But the WHO has predicted this figure to be 15
million by 2020.%* ? Despite great efforts to develop better therapy, in 1997 more than 6 million people worldwide
died from cancer. Techniques that are being used currently for cancer treatment are Laser Therapy, Photodynamic
Therapy & Stem Cell Therapy.?*!

The term cancer vaccine refers to a vaccine that counteracts contaminations with cancer causing viruses and treats
existing cancer or keeps the enhancement of disease in certain high hazard people.

Therapeutic vaccines:-

Therapeutic vaccines have two goals: priming Ag-specific T cells and reprogramming memory T cells. When a
cancer-causing virus infects its target cell, it often expresses viral specific antigens. As a result of expressing non-
self antigens, virus induced prophylactic treatments are the natural first anti-cancer therapy. There are four infectious
agents that cause ninety percent of pathogen induced cancers: Hepatitis B Virus (HBV),Human Papilloma Virus
(HPV), Hepatitis C Virus (HCV), and Helicobacter pylori.’®! But only vaccines for Hepatitis B Virus and human
papilloma virus are available.
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Cancer vaccines are entering a renaissance period because of an arrangement of clinical trial that yielded
empowering clinical results. To begin with, therapy of metastatic prostate cancer with sipuleucel-T (APC8015), a
cellular vaccine in light of advanced blood Antigen Presenting Cells (APCs) which is quickly refined with a
combination protein of prostatic acid phosphatase with granulocyte-macrophage colony stimulating factor (GM-
CSF).! Sipuleucel-T has been endorsed by the FDA for therapy of prostate metastatic tumor, in this manner
clearing the clinical advancement and administrative way for the upcoming era of cell immunotherapy materials.

Sipuleucel-T is created through the in vitro stimulation of the patient’s own peripheral blood mononuclear cells
obtained by leukapheresis.’® Secondly, a stage 111 trial in metastatic melanoma testing peptide vaccine in mix with
high dosage Interleukin-2 (IL-2) versus Interleukin-2 alone demonstrated huge change in generally speaking
reaction rate and movement free survival in patients who received vaccine.' Third, a stage 111 trial in patients with
follicular lymphoma demonstrated that idiotype vaccine therapy (BiovaxID) fundamentally draws out the span of
chemotherapy-induced remission. %!

Moreover, a randomized phase Il trial of a vaccine based on pox virus focusing on prostate particularly Ag
(PROSTVAC) in men with metastatic castration resistant prostate disease demonstrated an improved general
survival in patients accepting control vectors. 26!

PROSTVAC is consists of a series of poxviral vectors that are capable to express prostate—sPecific antigen (PSA)."
The vaccine is designed to break immunologic tolerance to prostate-specific antigen.'®'The vaccine for human
papilloma virus is Merck’s Gardasil®. It was approved by FDA in 2006. It protects against infection from four
strains of human papilloma virus."% Gardasil® helps protect girls and young women ages 9 to 26 against two types
of HPV that cause about 75% of cervical cancer cases and two more types that cause 90% of genital wart cases. In
2009 the FDA approved Gardasil® for use in boys and men, for the prophylaxis of genital warts caused by human
papilloma virus. So Gardasil® is the only HPV vaccine approved for use in males and females. In 2009 worldwide
sales of Gardasil® was $1.1 billion.” GlaxoSmithKline’s Cervarix® is the second vaccine for human papilloma
virus, which is used for the prevention of cervical pre-cancers, FDA approved Cervarix® on October 16, 2009.?!

PANVAC is a recombinant poxviral vaccine that includes transgenes for the Tumor associated antigens(TAAS),
MUC-1 and Carcinoembryonic antigen (CEA). MUC-1 is a transmembrane glycoprotein that is overexposed in
under glycosylated form in carcinoma cells of humans.”>?! Carcinoembryonic antigen is another glycoprotein
overexpressed on the most of adenocarcinomas. Its selective overexpression additionally creates it a potential focus
for immunotherapy. %!

The first vaccination with recombinant vaccinia (PANVAC-V) limited its continuous use due to the production of
host induced neutralizing antibodies. Subsequent vaccination with recombinant fowlpox (PANVAC-F), however
does not stimulate neutralizing antibody production because fowlpox is replication deficient in humans and can’t
produce late viral proteins.”®! Granulocyte-macrophage colony-stimulating factor(GM-CSF) is also given as a
vaccine adjunct to enhance the migration and maturation of Antigen presenting cells.[*627)

Currently there are several techniques to treat cancer, Bone Marrow Transplants, Chemo Therapy, Gene Therapy,
Radio Therapy &Stem Cell Therapy.?

Targeting tumor antigens:-

Antigen-specific vaccines:-

The ideal breast cancer vaccine would induce broadly reactive immunity to different sorts of breast cancer without
creating clinically significant autoimmunity and be clinically effective. In addition to MUC-1, HER2/neu, and
telomerase target antigens include CEA, ##! cyp1B1E% and surviving.***

MUC-1—In cancer patients Overexpression and aberrant glycosylation of mucin-1 (MUC-1) antigen results in
endogenous antibody responses to MUC-1antigen.

HER2/neu—The HER2/neu antigen is a popular target of antibody-mediated immunotherapy in breast cancer.

hTERT—The catalytic subunit of telomerase, hTERT is a widely expressed tumor antigen, present in more than
85% of all human cancers.*
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Types of cancer vaccines:-

According to cancerous cell growth:-

Prophylactic vaccines: which prevents cancer from developing in healthy People; andTherapeutic vaccines: which
used to treat an existing cancer by strengthening the body’s natural defense. 3]

According to conventional allopathic medicine, types of cancers can be categorized as carcinomas, sarcomas,
leukemias, lymphomas and myelomas.**%"

According to the treatment:-
Specific Cancer Vaccines — Used to treat specific type of cancers.
Universal Cancer Vaccines — Used to fight cancer cells regardless of its type.*!

Different kinds of cancer vaccines:-
Antigen vaccines

Tumor cell vaccines

Anti-ldiotype antibody-based vaccines
Dendritic cell vaccines

DNA vaccines

Viral-vector based vaccines

SRR

Antigen vaccines:-

Antigen vaccines stimulate the immune system by using tumor specific antigens. These are usually proteins or
peptides. By injecting these antigens into the cancerous area of the patient, the immune system will produce an
increased amount of antibodies known as killer T cells/T lymphocytes that carry specific antigen to attack cancer
cells. Antigen vaccines are using only one antigen to boost the immune system. !

Tumor immunotherapy can be classified as (a) passive (or adaptive) and (b) active, represented by vaccines, aimed
at eliciting a particular immune reaction against tumor specific antigens (TSAs) and tumor-associated antigens
(TAAs). Both have their specificities and restrictions. “%!

Tumor cell vaccines:-

Tumor cell vaccines are made up of actual cancer cells which have been removed during surgery. Doctors also
change the cells, often by adding chemicals or new genes, to make them more likely to be seen as foreign by the
immune system. Then the cells are injected into the individual (patient). The immune system recognizes antigens on
these cells and then it attacks any other cells with these antigens that are still in the body.

In some cases, doctors give the vaccine alongside substances called adjuvants that increase the immune response. A
possible advantage of tumor cell vaccines over antigen-based vaccine is that not all cancer antigens have been found
yet.

Details about some of the cancer cells and cell fragments that are used in tumor cell vaccines:
Tumor oncolysates: an extract made from cancer cells contaminated with a strain of virus.

Transduced tumor cells: cancer cells that have been altered to incorporate genetic material from cytokines, proteins
that empower the activity of immune cells, including cytotoxic T cells.[*?

Currently whole tumor cell vaccines are being developed to treat threatening cancers such as Acute Myeloid
Leukemia (AML).[*!

Anti-idiotype antibody-based vaccines:-

Immunoglobulin (Ig) molecules contain highly specific, unique peptide sequences at the antigen-combining sites.
These c[ar]1 be recognized as idiotypes by forming the unique antigen recognition site of the Immunoglobulin
protein.[*
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Dendritic cell vaccines:-

Dendritic cells are the most effective antigen presenting cells. Dendritic cells help the immune system to recognize
cancer cells. The cancer cells break down into smaller pieces and then hold out these antigens to T cells. This makes
it easier for the immune system to recognize and attack them.

DNA vaccines:-

DNA vaccines are active in mammalian cells. DNA vaccines have many favorable circumstances for tumor
antigens. To start with, some extent; encoded antigens can enter the processing and presentation pathways of the
immune system and induce innate and adaptive immune responses. Second, non-specific innate immunity
stimulation is given by the bacterial DNA.[5%

Major advantages are:

1. Ease of production.

Cheaply & conveniently produced & purified.

Do not require special handling or storage conditions.

They elicit immune responses only to the encoded antigens.

Plasmid DNA-based products are safe and there are now several products in late-testing.™"!

gk wn

Viral-vector based vaccines:-

These vaccines use vectors to make them more effective. Vectors are special viruses, bacteria or other structures that
can be used to get antigens or DNA into the body. The vectors are frequently microbes that have been altered to
ensure they can never again cause disease.

Advantages of using vectors:

1. They can deliver more than one cancer antigen at once, which make the body's immune system more likely to
mount a response.

2. They mimic a natural infection, and in this way it gives the necessary “danger signals” required for optimal
activation of antigen presenting cells.

3. They are easier and more affordable to make than some other vaccines. The first viral vector used was vaccinia,
a poxvirus, more than 20 years back.®™ From that vaccine, a few different vectors have been created in light of
the poxviruses, such as the Modified Vaccinia virus Ankara (MVA),"* which is a non replicating vaccinia virus
and avian poxviruses, such as fowlpox ! and canarypox.**

Side effects of cancer vaccines:-

The most commonly reported side effect of cancer vaccine is inflammation at the site of injection, including
warming of the skin, swelling and occasionally a rash. After receiving a cancer vaccine, people sometimes
experience flu like symptoms including fever, chills, dizziness, fatigue, headache and occasional breathing
difficulties.

When comsﬁ)ared with traditional vaccines, these types of vaccines intended to treat cancer seem to have safety
profiles. ™ However, the side effects of cancer vaccines can vary among vaccine formulations and from one
individual to another. More serious health problems like asthma, appendicitis, pelvic inflammatory disease and
certain autoimmune diseases have been reported in smaller number of people.

Table 1:-Table for cancer vaccine 565
Company Product Indication
Avax Technologies M-Vax Metastatic melanoma
Dendreon Provenge metastatic hormone refractory prostate
cancer
Geron GRNVAC1 AML (Acute myeloid leukemia) in
remission
IDM Pharma Bexidem Superficial bladder
Cancer
Uvidem stage Il and
IV melanoma
Collidem Colorectal cancer
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Introgen INGN 225 Advanced metastatic
Therapeutic SCLC (small cell lung cancer)
Breast
MolMe M3TK Metastatic melanoma
Northwest DC-Vax Prostate Hormone-dependent,
Biotherapeutics Non metastatic
prostate cancer
DC-Vax Brain Radiation
and chemotherapy
Prima Biomed CVac Late-stage ovarian
Cancer
Company Product Indication
Cell Genesys GVAX Metastatic pancreatic
pancreatic Cancer
Pharmexa GV1001 Pancreatic
Liver
Lung
Onyvax Onyvax-P Hormone-resistant
prostate cancer
Antigenics HSPPC-96 Recurrent glioma
Oncophage

Resected renal-cell
carcinoma (RCC)

Biovest BiovaxID Non-Hodgkin's lymphoma

International

Apthera NeuVax Early-stage Her-2-
positive breast cancer

CellDex CDX-110 Glioblastoma
Multiforme

Cytos CYT004- Advanced-stage

Biotechnology MelQbG10 Melanoma

GenerexBiotechnology liKey/HER2/neu Node-negative breast

cancer vaccine Cancer

Immatics IMA901IMA910 Renal Cancer Colorectal

Biotechnologies Cancer

Norwood Melanoma Melanoma

Immunology cancer vaccine

Conclusion:-

Cancer has become one of the most disastrous diseases around the world. Possibly, discovery of a Universal Cancer
Vaccine will be the most exciting attainment of this century. The ultimate goal of vaccine-based cancer
immunotherapy is to elicit a potent immune response that will cause the eradication of the tumor. Despite great
efforts for better treatments, more than 6 million people worldwide died from cancer. Worldwide, the vaccine
development for Cancer is an exemplary approach of researchers to fight the most dreadful disease.

Continued efforts, clinical trials and scientific progress will permit the advancement of more strong focus on

treatments for cancer patients. Given the abundance of concepts originating from the research centers, the next
decade presages unprecedented growth in the development of effective cancer vaccines.
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