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Abbreviations: ADCC, antibody dependent cell mediated cy-
totoxicity; CDC, complement dependent cytotoxicity; CTL, cytotoxic 
t lymphocyte; DC, dendritic cell; GM-CSF, granulocyte-macrophage 
colony stimulating factor; HPV, human papilloma virus; HBV, hepati-
tis b virus; IL-2, interleukin 2; IL-12, interleukin 12; IFN, interferon; 
MHC, major histocompatibility complex; MAB, monoclonal antibo-
dy; NK, natural killer cell; TCR, t cell receptor; TSA, tumor specific 
antigen; TSA, tumor associated antigen; VLP, virus like particle

Introduction
Cancer is one of most common fatal diseases afflicting people 

globally. It is believed that cancer will become the leading cause of 
death across the US population in the near future, thus increasing the 
need for novel cancer therapeutics.1 Cancer is a complex heterogeneous 
disease characterized by uncontrolled/unregulated division of cells.2 
Despite tremendous progress in the field of cancer biology, cancer 
remains one of the most deadly diseases to treat.3 The genetic and 
phenotypic complexity of this disease underlies its diversity and 
resistance to therapeutics. Conventional cancer treatment strategies, 
including radiation, surgery and chemotherapy, play a significant role 
in the treatment of primary tumors. However, cancer recurrence due 
to metastasis remains a significant challenge. The inherent ability 
of the immune defense system to recognize and destroy cancer 
cells is believed to hold promise toward the eradication of cancers. 
Researchers are therefore aggressively seeking novel ways to exploit 
immune function for cancer prevention. Recently, the approach of 
targeted immune-based therapies is being exploited. Moreover, the 
success of the monoclonal antibody Herceptin (Transtuzumab) has 
revolutionized this field.4 Immunotherapy represents a potential and 

innovative means to combat cancer. Targeted immunotherapy has 
become one of the popular means of anticancer therapies due to 
better patient compliance. Because of encouraging results obtained 
from clinical trials, research aimed towards developing a “cancer 
vaccine” is being carried out extensively.5 This mini-review focuses 
on the history, basic concept, key immune players, the current on-
going research, hurdles and future aspects in the field of targeted 
immunotherapy against cancer.

Immune system
The immune “army” is comprised of immune cells such as the 

eosinophils, macrophages, natural killer (NK) cells and lymphocytes 
(T and B cells). Amongst all these players, the T and B lymphocytes 
primarily mediate specific targeted antitumor response.6 The CD4+ T 
cells act as “helper cells” and secrete specific cytokines depending 
upon their profile either Th1 or Th2. The Th1 CD4+ T cells mainly 
secrete IFN-γ and IL2.IFN-γ is important for the activation of 
macrophages and microglial cells and facilitate enhanced phagocytic 
activity. IL2 also known as the T cell growth factor promotes the 
differentiation of T cells into effector (cytotoxic) T cells and aids 
in the development of memory CD8+ T cells thus ensuring a robust 
secondary immune response.7 The Th2 CD4+ T cells mainly secrete 
IL4, IL5 and IL13 which help in maturation and growth of B cells to 
plasma cells that actively secrete antibodies and are also involved in 
Antibody Dependent Cell mediated Cytotoxicity (ADCC).7 Cytotoxic 
CD8+ T Lymphocytes or CTLs are the major effector T lymphocytes 
that are tumoricidal and secrete specific cytokines (Figure 1).8,9 They 
are MHC (Major Histocompatibility Complex) class I restricted while 
the CD4+ helper T lymphocytes are MHC class II restricted. The 
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Abstract

Radiation, surgery and chemotherapy constitute the “traditional weapons” to fight 
cancer. But these treatment strategies aim at killing fast proliferating cancer cells 
and are often associated with many side-effects due to a lack of specificity resulting 
in normal cells being destroyed. The consequences of such tools are high morbidity 
leading to patient discomfort and in some scenarios, even death. Thus, the use of 
such tools is limited and the approach of targeted delivery systems is being exploited 
currently. Targeted Immunotherapy represents a potential and innovative means to 
combat cancer. It has become one of the popular means of anticancer therapies due to 
relatively fewer toxic effects compared to traditional chemotherapy and thereby offers 
better patient compliance. Cancer vaccines designed against a specific tumor antigen 
have been efficiently utilized to trigger immune responses against tumor cells. This 
review provides sheds light on the history of immunotherapy, brief introduction to the 
concept of immunotherapy and the different types (active and passive), key players of 
the immune system involved in the anti-tumor defense activities, concept of “immune-
surveillance escape”, role of tumor antigens in the design of cancer vaccines, past and 
the on-going research in the field of immunotherapy based cancer vaccines, and lastly 
the limitations of cancer vaccines.
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MHC class restriction adds specificity to the function of T cells as 
it allows the T cell receptor (TCR) to bind to the respective MHC-
peptide (antigen) bound complex on the host cells infected with viral 
proteins or pathogens. CD8+ T cells being MHC I restricted bind 
class I MHCs expressed on most cells in the body while CD4+ T cells 
bind to class II MHCs expressed on specialized antigen presenting 
cells (APCs).10 APCs such as macrophages and dendritic cells (DC) 
are also important. The role of macrophages in developing antitumor 
effects is a bit controversial and depends largely on their phenotype, 
M1 or M2.11,12 M1 macrophages are tumor suppressive while M2 are 
tumor promoting.12 DCs are considered as “professional APCs” as 
they efficiently capture and process the antigenic peptide (Ag) and 
display it via MHC class I and MHC class II presentation so that it can 
be easily recognized by CD8+ and CD4+ T cells respectively (Figure 
2).13,14

Cancer immunotherapy
William B. Coley, considered a pioneer in the field of cancer, 

introduced the concept of immunotherapy by identifying the potential 
of immune cells in treating cancers and designed a crude vaccine known 
as ‘Coley’s Toxin’ consisting of killed bacteria that was administered 
to cancer patients. The patients presented with fever and chills but 
complete remission of their cancer in some cases.15,16 His experiment 
served as a stepping stone for future cancer immunotherapy.17 Progress 
toward advances in cancer immunotherapy however, was not without 
initial setbacks. A significant hurdle was attributed to the difficulty 
of in vitro culturing immune cells, particularly lymphocytes in vitro. 
In 1976, interlukin-2 (IL-2), previously known as the T cell growth 
factor was cloned and was noted for its ability to support the growth of 
T lymphocytes ex vivo. Studies thereafter, could examine the role of T 
lymphocytes against cancer cells, leading to the first characterization 
of a cancer antigen in 1991.18 Based on this and other studies, it 
became widely accepted that the immune system could detect cancer 
cells and kill them.19 Such observations also led to the concept that 
cancer cells express specific proteins (tumor antigens) on their surface 
which may be specific or over expressed in cancer cells and may not 
be found or scarcely expressed in normal cells. 

Tumor antigens
Tumor antigens are primarily characterized as two major types.20 

Tumor Specific Antigens (TSAs) are unique to cancer cells and are 
not expressed on normal cells. TSAs may arise due to point mutations 
in genes. They may be unique to an individual or may be expressed 
in various tumors but not normal tissues. The second major type of 
tumor-antigens is termed Tumor Associated Antigens (TAAs). TAAs 
are expressed by both tumor and normal cells. They are not tumor 
specific and their use may result in autoimmunity against normal tissue 
expressing that Antigen. Examples include MAGE, GAGE, and NY-
ESO1.21 Despite the ability of our immune system to recognize unique 
antigens expressed by tumor cells, they also can avoid immune attack 
by employing several “tricks” termed as “tumor immune escape”. For 
example, the tumor microenvironment, consisting of masses of tumor 
cells and surrounding stroma, forms a barrier thus limiting immune 
cell invasion of the primary tumor. In addition, cancer cells may 
secrete immunosuppressive substances that may inhibit the immune 
response.22,23 Furthermore, the immune system may consider cancer 
cells as “self” since they are of the same origin expressing very 
similar antigens. Most noted is the ability to express self-antigen in 

the context of the Major Histocompatibility Class I (MHC I) complex 
expressed on the surface of tumor cells that is recognized by host 
immune cells as a non-threatening signal. Thus, the body’s immune 
system behaves as if it is “blind” to cancer cells. This phenomenon is 
known as “tumor tolerance”. There is also a possibility that the tumor 
cells expressing TSAs or TAAs, with MHC I are down-regulated in 
their surface expression. Thus, allowing the tumor cell to hide from 
the immune system by not displaying the antigenic peptide and thus is 
not recognized by the immune system.24 Together, these mechanisms 
of tumor escape make it difficult for the hosts to initiate an optimal 
anti-tumor immune response. To recognize the full potential of 
immunotherapy, it will be necessary to develop novel approaches to 
elevate and/or complement immune-based vaccines. 

To this end, the goal of cancer immunotherapy must be: 

A) To specifically target cancer cells; 

B) To recruit efficient immune cells that can generate a robust and 
long lasting response; and 

C) Most importantly prevent relapse.19

Types of cancer immunotherapy
Cancer immunotherapy may involve passive or active 

immunotherapy alone or in combination with conventional cancer 
treatments.

Passive immunotherapy

Passive immunotherapy does not rely on the body’s natural immune 
system to attack cancer cells but uses components of the immune 
system such as antibodies which can be made in the laboratory to 
target tumor antigens.24 Some examples include Herceptin, Avastin, 
Rituxan, Campath, Zevalin.21 Monoclonal Antibodies (mAb) are the 
most widely used form of targeted cancer immunotherapy in clinic 
today.25 mAbs bind to a specific target (antigen) on the tumor cell and 
their mode of action depends on their ability to engage with growth 
receptors or with pro-apoptotic targets inducing apoptosis of cancer 
cells. mAbs also facilitate antigen presentation. As discussed before, 
DCs are the major APCs of the immune system and play pivotal 
role in priming of tumor specific T cells. They express a variety of 
cell surface receptors and are capable of binding and internalizing 
Ag-Ab complexes, which eventually lead to their activation and 
maturation. Mature DCs present the antigenic peptide via MHC Class 
I or MHC Class II peptide complexes and thus can launch a T cell 
mediated response (Figure 1) (Figure 2).26 Herceptin and Cetuximab 
are examples of such mAbs that bind to HER2 and EGFR receptor 
respectively. These mAbs not only block the growth signaling cascade 
but also facilitate antigen presentation through formation of immune 
complexes that induce a potent T cell response. It was seen that 
the patients who received Herceptin treatment generated effective 
T cell responses. Additionally, mAbs may activate components of 
the immune system via Fc portion based interactions eventually 
promoting antibody-dependent cell-mediated cytotoxicity (ADCC) 
and complement-dependent cytotoxicity (CDC) by macrophages and 
NK cells.21 Herceptin is known to mediate ADCC via NK cells and 
monocytes.26 Likewise, cetuximab, the EGFR antibody also helps 
in DC priming and promotes antitumor responses. In vitro studies 
indicate that cetuximab augments DC opsonozation of cancer cells 
and also helps in DC maturation. It also produces NK cell mediated 
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ADCC and CDC which further enhances its tumoricidal activity. 
Currently, cetuximab is being tested in a phase II clinical trial in 
combination with a pancreatic cancer vaccine.26 Cytokines such as 
Interleukin 2 (IL-2) and Interferons (IFNs) and Interleukin-12 (IL-12) 
are also characterized as passive immunotherapy. IL-2 is produced 
by activated T cells. It does not primarily act on cancer cells; rather 
it acts as an adjuvant and stimulates immune reactions.5 IL-2 therapy 
has been found to be effective in melanoma and metastatic renal cell 
carcinoma. But it is associated with a side effect known as vascular 
leak syndrome.27 IFNs are inflammatory cytokines that are produced 
by the body in response to certain infections. It has been shown 
that IFN-α inhibits proliferation of tumor cells and also as anti-
angiogenic activity against leukemia and lymphoma. It is used as an 
adjuvant therapy and facilitates activation of immune cells.9,28 IL-12 
is an interleukin that is involved in differentiation of naïve T cells 
into T-helper Th1 or Th2 cells. It activates CTLs and NK cells, and 
supports the growth and function of T cells. Combination of HER2 
mAb with systemic IL-12 has shown to decrease tumor progression 
and increase tumor necrosis as compared to treatments given 
individually. Recently, a phase I clinical trial, using combination of 
IL-2 with Herceptin and paclitaxel has shown increased production of 
IFNs.26 One obvious drawback with the use of mAbs in humans would 
be that the immune system may recognize these mAbs as foreign and 
eventually be destroyed by the body’s immune system. But over 
the years, researchers have surmounted this obstacle by designing 
“chimeric” or humanized antibodies achieved by replacing some parts 
of the mouse antibody proteins with human proteins.9,21 Additional 
limitations of mAb therapy are listed in the (Table 1).

Figure 1 Key players of the Immune system.

Active immunotherapy

“Cancer vaccines” are considered as active immunotherapy as they 
boost the body’s immune system to defend against cancer. Recently, 

active immunotherapy in the form of cancer vaccines has indicated 
some encouraging and promising results in many clinical trials.4 Active 
immunotherapy may be divided into two sub-categories, prophylactic 
or therapeutic. Prophylactic Cancer Vaccines are aimed to prevent 
cancer in patients who may be at high risk of developing cancer due 
to genetic predisposition or environmental factors. These function as 
“traditional vaccines” like flu vaccine. Prophylactic cancer vaccines 
target infections that may lead to development of cancer. The US FDA 
has approved two vaccines, namely- Gardesil and Cervarix, against 
Human Papilloma Virus (HPV) which is responsible for 70percent of 
cases of cervical cancer.8 Gardasil utilizes HPV antigens as proteins. 
These proteins are processed in the laboratory to synthesize four 
different types of ‘virus like particles’ or VLPs which are combined to 
form a cocktail that is effective against HPV infections of type 6, 11, 
16 and 18. This is superior to traditional vaccines consisting of weak 
or inactivated whole microbes which may sometimes be infectious.4 
Similarly, Cervarix is composed of proteins from HPV type 16 and 18. 
US FDA has also approved vaccine against Hepatitis B virus (HBV) 
infection which is known to cause liver cancer. In all cases mentioned 
above the causative infectious agent is known. But the formulation of 
therapeutic vaccines in other types of cancer wherein the etiology is 
unclear would be a challenging task for future scientists.8Therapeutic 
vaccines are intended to treat an existing tumor. Once cancer is 
diagnosed, a solid accessible tumor may be removed by surgery, 
chemotherapy or radiation therapy. After surgery the patient is 
vaccinated to develop a specific immune response to kill residual 
cancer cells and thus prevent relapse.29,30 Examples of therapeutic 
vaccines are listed in (Table 2). DC based vaccines have become a 
very popular form of cancer vaccine therapy considered relatively 
safe for use in humans. Two approaches may be used to design such 
vaccines.13,37 Ex vivo and in vivo which are outlined in (Table 3). 
Unfortunately, initial attempts to design cancer vaccines were not 
very successful as the actual mechanism of immunization was unclear. 
Now that the function of DCs in generating a potent T cell response 
is known, many clinical trials are exploiting this concept. DC based 
vaccines are being tested for a variety of cancers such as prostate, 
colorectal, kidney, breast cancer, melanoma, leukemia, lymphoma 
and other tumor malignancies.38,39 Cancer vaccines are designed to 
target cancer cells with the help of the immune system and so the 
success of cancer vaccines largely depends upon a well-functioning 
immune system of the individual’s immune system receiving the 
vaccine. Factors affecting the immune system include: age,40 immune 
suppression due to tumor microenvironment,41 substances secreted by 
tumor, or immunosuppressive drugs like glucocorticoids, analgesics 
or anesthetics.42 Nutritional supplements may enhance the function of 
immune cells that play a key role in cancer immunotherapy. Previous 
studies in cancer patients indicate that nutritional supplements 
improve immune system functioning that may be adversely affected 
due to existing tumor or surgery.11 Despite tremendous research that 
is currently ongoing in the field of cancer vaccines, major hurdles still 
impede the success of cancer vaccines as listed in Table 4. Several new 
approaches are being investigated, including the use of co-stimulatory 
molecules, multiple dosing, using combinations of tumor antigens, 
etc., to overcome the above-mentioned limitations. However, not 
much effort is being focused on vaccine formulation and delivery 
routes. The formulation and route of delivery of the vaccine is also an 
important parameter in targeted systems which needs to be addressed 
soon and would be an integral part in the development of cancer 
immunotherapy-based interventions. 
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Figure 2 Activation of T cells via APCs.

Table 1 Limitations of monoclonal antibodies (mAb)

1. Change in expression level of target antigen due to mutations.

2. Use restricted to a subgroup of patients expressing the unique 
antigen.

3. Difficult to get a significant therapeutic response avoiding 
autoimmunity.

4. Tumor microenvironment is particularly immunosuppressive limiting 
mAb success.

Table 2 Therapeutic cancer vaccines

Whole cell based vaccines Synthetic protein antigen 
vaccines

This approach uses inactivated whole 
tumor cells that display a variety of 
known or unknown oncogenic antigens 
on their surface against which the body’s 
immune system develops an antitumor 
response.

These are synthetically 
produced tumor specific 
antigens that can generate 
immune response in body 
against cancer cells displaying 
this antigen.

This approach may overcome the 
problem of identifying specific tumor 
antigen, majority of which are unknown 
till today but is still associated with the 
risk of autoimmunity.

This therapy is will produce a 
more tumor specific immune 
response compared to whole 
cell approach.

Whole cell vaccines may be autologous 
or allogenic:

Autologous: If the tumor cells are obtai-
ned from patient itself then it is known 
as an autologous or self-tumor cell 
vaccine.31

Allogenic: if tumor cells are obtained from 
another individual having the same can-
cer then it may be called as an allogenic 
or donor vaccine.32

Dendritic Cell (DC) based vaccines: These 
may be either ex vivo or in vivo and are 
explained in detail in the next section.

Often combined with 
adjuvants that help to further 
enhance immune response.33

Examples of synthetic protein 
antigen based vaccines 
include:

Melanoma: MART-1, 
tyrosinase, gp-100.34

Breast and ovarian cancer: 
Sialyl-Tn (STn)35

Pancreatic, Lung, 
Colorectal, Breast, 
and Ovarian Cancers: 
Carcinoembryonic antigen 
(CEA).36

Table 3 Dendritic cell based vaccines

Ex Vivo In Vivo

In this approach, DCs may be loaded 
with antigen by culturing DCs 
obtained from patients with a tumor 
specific antigen and an adjuvant (ex 
vivo) that will induce DC maturation. 
These cells are injected back into the 
patient.

DCs may be induced to take up 
tumor antigen in vivo. Antitumor 
responses may take time to 
build but responses may be 
robust and long lasting.

This method involves ex vivo culture 
of the DCs in the laboratory and thus 
may have higher risk of endotoxin 
contamination.

Since DCs are induced in vivo 
to take up the tumor antigen 
considerable lesser risk of 
endotoxin contamination.

Cultured DCs should not lose 
migratory capacity to lymph nodes.

No risk of loss of migratory 
capacity for in vivo based 
vaccines.

Does not require targeting of DCs.
This approach will require 
optimum in vivo targeting of 
DCs.

May be laborious and time consuming. Relatively less laborious and 
time consuming.

Table 4 Limitations of cancer vaccines

1.

Variable Antigen expression: Although a variety of tumor 
associated antigens have been identified, these antigenic peptides 
still differ in their ability to generate an effective immune response. 
Lately, tumor specific antigens have been discovered which further 
facilitate a tumor specific response, sparing the healthy cells and 
ruling out the possibility of autoimmunity.4,43

2.

Low immunogenicity: Often cancer vaccines are unable to 
generate a strong immune response. This problem may be solved by 
incorporation of “immune boosters” such as IL-2 and Granulocyte-
macrophage colony stimulating factor (GM-CSF) which act as co-
stimulatory molecules and facilitate immune reactions.43

3.

Tumor microenvironment: Even if an immune response is 
generated, the tumor microenvironment may neutralize it. So some 
strategies must be employed to mitigate the immune suppressive 
nature of the tumor microenvironment

4.
Loss of efficacy: Vaccine may render the desired response initially, 
but over the time the immune response may diminish which might 
lead to relapse.

Conclusion
Chemotherapy remains the backbone of cancer therapy. An array 

of oncogenic signaling pathways have been identified and targeted 
as points of intervention for cancer therapy. A multitude of inhibitors 
of such molecular pathways are available commercially or are under 
clinical investigation.26 However, in the past decade researchers, 
immunologists and oncologists have also focused on the role of the 
immune system to combat cancer via immunotherapy-based cancer 
vaccines. As stated earlier, like several other conventional therapies, 
cancer vaccines also have limitations. Several studies have shown the 
potential of using immunotherapy as an efficient adjuvant treatment 
modality along with chemotherapy.26 Thus, the future of cancer 
therapy lies in a combinatorial approach. Targeted chemotherapy and 
immunotherapy shows great promise to be the foundation of a new era 
of cancer therapeutics.
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