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Introduction
Cancer is a class of disease characterized by abnormal growth of 

cells which tend to proliferate in an uncontrolled way. There are over 
100 different types of cancer, and each is classified by the type of cell 
that is initially affected. Cancer harms the body when damaged cells 
divide uncontrollably to form lumps called tumors. Tumors can be 
Benign or Malignant. Benign tumors are non-cancerous and can usually 
be removed. They do not spread to other parts of the body whereas 
malignant tumors are cancerous and show metastasis i.e. cancer cells 
break away from a malignant tumor and enter the bloodstream or 
lymphatic system to form secondary tumors in other parts of the body. 
The frequency of a particular cancer may depend on gender. While skin 
cancer is the most widespread type of malignancy for both men and 
women, the second most common type in men is prostate cancer and 
in women, breast cancer.

 The main objective of this review article is to identify the modality 
(necessity or possibility or impossibility) of cancer therapies. Cancer 
therapies can be mainly categorized into four major groups.

• Chemotherapy

• Radiation therapy

• Surgery

• Biological therapy

Over the years chemotherapy i.e. the use of drugs has been
successfully used to kill the cancer cells or stop them from multiplying 
[1]. The principle behind chemotherapy is its ability to halt cell division 

in cancer cells. Since the main reason behind the failure of cancer 
therapies is the emergence of genetic mechanisms of drug resistance 
by the cancer cells, use of new agents that may be given along with 
chemotherapy drugs to overcome this resistance is under study [2]. 
In induction chemotherapy high doses of anticancer drugs such as 
cisplatin [3] and methotrexate are given as preliminary treatment 
in order to make subsequent treatment (such as radiotherapy) more 
successful [4-6]. Likewise neoadjuvant chemotherapy is given prior 
to surgery to shrink a cancer thereby reducing the amount of healthy 
tissue getting damaged during the surgical procedure [7-9]. 

Radiotherapy is used to treat many different types of cancer. In this 
a beam of radiation is targeted towards the cancer cells wherein these 
radiations destroy the DNA inside the cancer cells with minimal damage 
to surrounding healthy tissue. Radiation therapy can be classified as 
external-beam radiation therapy [10,11] if the radiation is delivered 
by a machine outside the body or internal radiation therapy (more 
commonly called Brachytherapy) [12,13] if the radioactive material is 
placed inside the body near the cancer cell [14,15]. Radioactive isotopes 
are sealed in tiny pellets or seeds and then are delivered to target tissue 
using devices like catheters, needles, or some other type of carriers. 

Surgery was the first modality used successfully in the treatment of 
cancer. Surgery is frequently used to remove the cancerous growth but 
the possibility of surgical cure depends on the size, location and stage 
of the cancer growth [16]. It helps to stop many types of cancer and also 
plays a part in diagnosing, staging and supporting cancer treatment. 
Supportive surgery is done with other types of treatment and helps 
other cancer treatment’s work effectively [17]. The first line treatment 
for ovarian cancer is debulking surgery during which the tumor tissue 
is located and removed as much as possible [18-22]. A follow up study 
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Abstract
The main objective of cancer therapy is to prop up the death of cancer cells without any damage to surrounding 

healthy tissue. Our knowledge of molecular changes in cancer cells has enhanced the development of various 
therapeutic strategies to treat cancer cells. Now we are in an ideal position to utilize our knowledge of cancer 
cell biology in the designing of novel cancer therapies. This review is to highlight various specific and selective 
approaches (Chemotherapy, Radiotherapy, Surgery, Biological therapy) to understand its modality and current 
progress in cancer treatment. 
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of patients who underwent surgical excision of cerebral anteriovenous 
malformations showed that the patients were in good condition with 
less morbidity and mortality rate [23,24]. 

The major limitation of cancer therapy is lack of selectivity of 
therapeutic agents towards the target tumor cells. Current efforts are 
focused on developing anticancer agents that selectively destroys the 
tumor cells with minimal damage to the surrounding tissue. One such 
therapy is Biological therapy. In biological therapy body’s immune 
system is stimulated to fight cancer or to lessen the side effects 
caused by other cancer treatments. It is also called as biotherapy or 
immunotherapy [25-28]. 

A brief focus on cutting edge cancer therapies are as follows:

•	 Targeted cancer therapies

•	 Intensity-modulated radiation therapy (IMRT)

•	 Gamma Knife surgery (GKS)

•	 Reactive oxygen species (ROS)

•	 Biological response modifiers

•	 Bacterial therapy: an ideal cancer therapy

•	 Apoptosis in cancer therapy

•	 Budding of nanotechnology in fight against cancer: Carbon    
Nanotubes

Targeted Cancer Therapies
Flooding the body with chemotherapy drugs has been one mode 

of treating the cancer for many decades. The debilitating side effects 
have finally forced the researchers to look at certain better therapies. 
Targeted cancer therapy is one such therapy [29]. Drugs used in this 
therapy are designed such that they interfere with specific molecules 
(targets) involved in tumor growth and progression. Targeted therapies 
interfere with a variety of cellular processes and inhibit the cancer 
growth [30]. Once a target is identified which plays a key role in cancer 
growth and development, a therapy must be developed. Most targeted 
therapies are either monoclonal antibodies or small molecule drugs.

•	 By blocking specific enzymes and growth factors involved in 
cancer cell proliferation. For example Velacade is a new anti-
cancer drug called a proteosome inhibitor. Proteosomes are 
found in all cells and controls cell growth and function. By 
interfering with proteosomes work velacade may cause cancer 
cells to die. Cancer cells are more sensitive to velacade when 
compared to normal cells [31-34].

•	 By modifying the function of proteins that regulate gene 
expression.

•	 By blocking the growth of blood vessels to tumors. E.g. 
Sunitinib, Sorafenib [35].

•	 By helping the immune system to destroy cancer cells.

•	 Using monoclonal antibodies that specifically deliver toxic 
molecules to cancer cells [36,37].

•	 Inducing the cancer cells to undergo apoptosis.

For example, the drug Herceptin, targets the over expressing protein 
HER2/neu in tumor cells. Circulating liposomes linked to anti-HER2 
monoclonal antibody fragments containing the drug doxorubicin that 
deliver it to target tumor is used to treat Breast cancer [38]. Another 
promising class of drugs is EGFR tyrosine kinase inhibitor for lung 
cancer. By inhibiting different genes in the pathway like NF-Kappa Beta 
which regulates cell division and death cells can be made more sensitive 
to the drug.

 Chemicals called Radio-sensitizers that increase the sensitivity of 
cancer cells to radiation therapy and another group of chemicals called 
Radio-protectors that protect normal cells from damage caused by 
radiation therapy are also under study by the researchers. For example, 
a class of drug called MEK inhibitors is currently in clinical trials for 
different types of cancer. Chemoembolization which is a combination 
of chemotherapy and embolization uses drugs that are directly injected 
into the blood vessel feeding the cancer tissue and are mostly limited to 
hepatocellular carcinoma [39]. 

Intensity-modulated Radiation Therapy (IMRT)
IMRT allows higher radiation doses to be focused to regions within 

the tumor while minimizing the dose to surrounding normal critical 
structures [40]. IMRT can reduce the risk of some side effects, such as 
damage to the salivary glands (which can cause dry mouth) when the 
head and neck are treated with radiation therapy [41]. The side effects 
of IMRT are the same as those of conventional radiation therapy but 
tend to occur less frequently and with less intensity in the short and 
long term. Before the advent of this method the maximum radiation 
dosage was restricted by the impact it would have on nearby tissues. For 
instance, when conventional radiation therapy is utilized to treat lung 
or breast cancer, some overlap of radiation may occur to the arteries of 
the heart. For a few patients, this may necessitate a bypass operation 
in the future. With IMRT for the lung or breast tumor, the radiation 
overlap to the heart arteries is shown to be minimal or non-existent, 
possibly eliminating the need for further invasive care and/or heart 
problems [42].

Radiation therapy may be used alone or in combination with 
surgery, chemotherapy, or both. Sometimes radiation therapy may 
also be given with palliative intent. Cetuximab, a monoclonal antibody 
against epidermal growth factor receptor in combination with 
radiotherapy is a standard option in the treatment of head and neck 
carcinoma [43,44]. Radioembolization is a combination of radiation 
therapy and embolization. It is a minimal invasive technique hence 
produces fewer side effects. In this technique tiny resin beads are placed 
inside blood vessels which feed a tumor as a result blocking the supply 
of blood to the tumor cells [45,46]. Helical tomotherapy machine is a 
hybrid between a CT imaging scanner and an external-beam radiation 
therapy machine. It is a type of image-guided IMRT [47,48]. In recent 
times it has been introduced for the cure of hepatocellular carcinoma. 
Helical tomotherapy obtains an image from the computed tomography 
module, which allows targeted regions to be visualized former to, 
during, and immediately following each treatment and delivers 
intensity-modulated radiation therapy [49,50].

Gamma Knife Surgery (GKS)
Gamma Knife surgery is one of the most advanced means to treat 

tumors mainly brain tumors. It is a unique non-invasive neurosurgical 
technique in which no surgical incision is performed to expose the 
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target. Using Stereotactic radiosurgery technique gamma knife uses 
gamma rays to precisely target and destroy the tumor tissue in the skull 
[51,52]. Gamma rays are so finely focused that the surrounding healthy 
tissue are not damaged.

The Gamma Knife contains up to 201 cobalt-60 sources of 
approximately 30 curies each, placed in a circular array in a heavily 
shielded unit. Based on preoperative radiological examinations, such as 
CT scans, MR scans and angiography, the unit provides highly accurate 
irradiation of deep-seated targets. The high energy light beams damage 
the DNA of tumor cells. If enough damage is done to the DNA, the 
tumor cell will die spontaneously or it will die the next time it tries to 
divide into two cells. Radiation therapy destroys the tumors by splitting 
the oxygen molecules it finds in and around tumors into harmful 
oxygen radicals that destroy tumor cells.

1. Gamma knife surgery is proved beneficial in treating conditions 
which were considered to be non-treatable. For example:

2. Benign tumors including: acoustic neuromas, meningiomas, 
and pituitary adenomas craniopharyngiomas [53,54].

3. Tumors located at the base of the skull in the pineal region.

4.  The clinical outcome shows that in 90% of the patients a 
decrease in tumor size was observed in case of orbital cavernous 
hemangiomas (OCHs) [55]. 

5. Gamma Knife surgery offers an satisfactory rate of tumor 
control for posterior fossa meningiomas and accomplishes this 
with a low frequency of neurological deficits. 

6. Gamma Knife surgery (GKS) is regarded as the first-line 
treatment in patients with trigeminal neuralgia (TN)

7. Gamma Knife surgery (GKS) is a recognized treatment 
modality for brain metastases.

Advantages of Gamma Knife surgery:

1. It is a neurosurgical tool designed exclusively for the treatment 
of brain disorders.

2. The tumor being treated receives a high dose of radiation with 
minimum risk to nearby healthy tissues.

3. Its cost is often 25% to 30% less than traditional neurosurgery.

4. The absence of an incision eliminates the risk of hemorrhage 
and infection.

5. The procedure offers hope to patients who were formerly 
considered untreatable or at very high risk during open skull 
surgery.

Reactive Oxygen Species (ROS)
Reactive oxygen species (ROS) plays an important role in various 

normal biological functions as well as abnormal pathological processes 
[56-58]. ROS influences proliferation, apoptosis and senescence which 
are implicated in the development of cancer. Damage to the DNA by 
ROS is the major cause of cancer. If the mutation induced by ROS 
is related to genes such as oncogenes or tumor suppressor genes, 
initiation or development of cancer may result. In spite of its impact 
in cancer development, ROS can be exploited for the development 

of novel therapeutic strategies to preferentially kill cancer cells [59]. 
ROS controls the expression of various tumor suppressor genes such 
as p53, Rb, PTEN [60,61]. Likewise gamma radiations and various 
other chemotherapeutic agents used to treat cancer mediate their effect 
through ROS [62].

Biological Response Modifiers
Biological response modifiers assist in the following ways:

•	 Make the cancer cells more recognized by the immune system.

•	 Boost the killing power of immune system cells.

•	 Change the way cancer cells grow, so that they act more like 
healthy cells.

•	 Stop the process that changes a normal cell into a cancerous 
cell.

•	 Enhances the body’s ability to repair or replace normal cells 
damaged or destroyed by other forms of cancer treatment, such 
as chemotherapy or radiation.

•	 Prevents cancer cells from spreading to other parts of the body.

Current approaches include the use of preferentially replicating 
bacteria as an oncolytic agent for the treatment of cancer. This is based 
on an observation that some anaerobic bacteria (facultative or obligate) 
are capable of multiplying selectively in tumors and inhibiting there 
growth. Substances called biological response modifiers (BRMs) are 
naturally produced in the body in response to infection and diseases. 
These BRMs can be produced in the laboratory by using modern 
laboratory techniques and can be used for the treatment of cancer. 
Examples of biological therapy include: interferons, interleukins, colony 
stimulating factors, monoclonal antibodies, vaccines, gene therapy, and 
nonspecific immunomodulating agents [63-65]. Biological therapies 
also cause side effects like nausea, vomiting, diarrhea, weakness, fever, 
etc.

Interferon

Interferons are one of the biological response modifiers that 
naturally occur in the body. It is a hormone like protein produced by 
white blood cells. These can be made in the laboratory and used to 
shrink or stop the growth of cancer cells. Some interferon’s stimulate 
the growth of lymphocytes which then destroys the cancer cells 
[66,67]. The side effects with this include fever, chills, muscle and joint 
aches, and fatigue. Interferon alpha has been approved by FDA for the 
treatment of certain types of cancer like AIDS-related Kaposi’s sarcoma, 
chronic myeloid leukemia, hairy cell leukemia and melanoma. Beta 
interferons are used primarily in the treatment for multiple sclerosis. 
Gamma interferons are used in the treatment of chronic granulomatous 
disease [68,69].

Interleukin

Interleukins are glycoproteins that occur naturally in the body and 
can also be made in the laboratory. It plays an important role in cancer 
treatment by stimulating T-lymphocyte activation and proliferation, 
promotion of B-lymphocytes and multilineage bone marrow stem 
cell precursor growth and differentiation. They interfere with the 
way cancer cells grow and multiply. The side effects with this include 
fatigue, diarrhea, and low levels of blood cells and loss of appetite. IL-2 
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(aldesleukin) has already gained FDA approval for the treatment of 
renal cell carcinoma and metastatic melanoma. IL-2 enhances various 
T-cell functions and natural killer or NK cell function. IL-2 also 
activates lymphokine-activate killer (LAK) cells, which are a form of 
killer T cell formed when lymphocytes are incubated with IL-2. LAK 
cells destroy tumor cells and improve the recovery of immune function 
in certain immunodeficiency states [70].

Monoclonal antibodies

Monoclonal antibodies are made in the laboratory. These are 
designed such that they attack only the cancer cells. 

There are two types of monoclonal antibodies that are used in 
cancer treatment: 

•	 Naked monoclonal antibodies (without any drug or radioactive 
material attached to them)

•	 Conjugated or tagged or labeled monoclonal antibodies (with 
chemotherapy drug or radioactive material attached to them)

The first monoclonal antibodies approved by the FDA to treat any 
cancer were Rituximab (naked MoAb) and Ibritumomab tiuxetan which 
is also called Zevalin (conjugated MoAb). Zevalin locks onto a protein 
called CD20 on the surface of B- cells, a main type of white blood cells. 
CD20 is present on both normal B-cells and abnormal B-cells in many 
types of non-Hodgkin lymphoma. As soon as Zevalin locks onto the 
B-cells it releases radiations that damage the cancer cells. Some normal 
cells are also damaged but these can be replaced by the body. Likewise 
Alemtuzumab (Campath) is another group of antibody that locks onto 
protein called CD52 found on the surface of lymphocytes [71,72]. It is 
mainly used to treat chronic lymphocytic leukemia (CLL).The ongoing 
clinical trials with monoclonal antibodies are focused towards a wide 
range of cancers like breast cancer, non-hodgkin’s lymphoma, chronic 
lymphocytic leukemia, colorectal cancer and sarcomas.

Colony stimulating factors (CSFs)

Colony stimulating factors are proteins that stimulate the stem cells 
within the bone marrow to produce more blood cells and promote their 
ability to function. They do not have any direct influence on cancer 
but through their role in stimulating blood cells they help to boost the 
immune system. CSFs are given along with chemotherapy enabling the 
patient to receive higher doses of chemotherapy. Some examples are as 
follows:

a. G– CSF (filgrastim) and GM–CSF (sargramostim) increases the 
number of white blood cells, thereby reducing the side effects 
in patients receiving chemotherapy. G–CSF and GM–CSF can 
also stimulate the production of stem cells in preparation for 
stem cell or bone marrow transplants [73].

b. Erythropoietin (epoetin) increases the number of red blood 
cells and decreases the need for red blood cell transfusions in 
patients receiving chemotherapy.

c. Interleukin-11 (oprelvekin) helps the body to build platelets 
and can lessen the need for platelet transfusions in patients 
receiving chemotherapy.

Bacterial Therapy: An Ideal Cancer Therapy
Cancer requires surgery, chemotherapy or radiotherapy all of which 

wreak havoc on the patient during and often long after treatment. 

Several decades after Coley’s work a variety of natural and genetically 
modified non-pathogenic bacterial species are being explored as 
potential antitumor agents, either to provide direct tumoricidal effects 
or to deliver tumoricidal molecules. These genetically modified non-
pathogenic bacterial species are capable of multiplying selectively in 
tumors. These bacteria and their spores also serve as ideal vectors for 
delivering therapeutic proteins to tumors because of their selectivity for 
tumor tissues. 

The majority of solid tumors contain regions of low oxygen or dead 
tissue. This environment encourages the growth of certain bacteria 
such as the Clostridium family, making them a perfect agent to deliver 
anti-cancer treatments. A new Clostridium strain, C. novyi-NT made 
non-pathogenic by genetic modification, is under clinical trials [74]. 
New genetic engineering tools, such as the group II intron has shown 
promise for genetic manipulation of bacteria and forecast the dawn of 
a new era for a tumor-targeted bacterial vector system for gene therapy 
of solid tumors. It remains to be seen whether anaerobic bacterial 
treatment of cancer will prove to be as effective as is hoped due to the 
limitations of oxygen concentrations. In the end the development of 
combination therapies may result in novel approaches.

Bacteria can also be used to increase the efficacy of chemotherapy. 
Bacterial strains to express enzymes for selective prodrug activation 
and non-invasive imaging in tumors have been developed. For example, 
beta-glucuronidase and the luxCDABE gene cluster were expressed in 
the DH5alpha strain of Escherichia coli to generate DH5alpha-lux/
betaG. These bacteria preferentially replicated within CL1-5 human 
lung tumors, emitted light for imaging and hydrolyzed the glucuronide 
prodrug 9ACG to the topoisomerase I inhibitor 9-aminocamptothecin 
(9AC). Combined systemic administration of DH5alpha-lux/betaG 
followed by 9ACG prodrug treatment significantly (P<0.005) delayed 
the growth of CL1-5 tumors. This occurs in two steps: In the first step, 
the bacteria are administered (at safe levels) that target the tumor where 
they proliferate and express the therapeutic enzyme. In the second step, 
once the expression of the enzyme is optimal, a non-toxic prodrug is 
administered which is converted to the cytotoxic drug at the tumor by 
the expressed enzyme. This results in tumor cytotoxicity rather than 
systemic toxicity, leading to tumor cell death and sparing normal tissue 
[75].

Apoptosis in Cancer Therapy
Apoptosis which is also called as programmed cell death has 

attracted the attention of so many researchers in recent years because 
of two major advances. Firstly, a large number of apoptosis regulating 
genes have been identified in Caenorhabditis elegans. Mammalian 
homologs of these genes shows the evidence that cell death is an active 
process under genetic control. Secondly, studies on signal transduction 
pathways of apoptosis have led to the identification of certain death 
signaling molecules such as caspases [76]. Recently it has been observed 
that dysregulation of apoptotic programs may lead to cancer and other 
diseases.

The current focus is to study the apoptotic regulation and its role in 
cancer and to come up with new therapeutic concepts. Novel molecules 
that prop up apoptosis by targeting both the intrinsic and extrinsic 
apoptotic pathways may lead to the development of effective cancer 
therapies [77,78]. One such molecule is p53 protein which causes 
apoptosis by activating the pro-apoptotic genes in tumor cells.
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Budding of Nanotechnology in Fight against Cancer: 
Carbon Nanotubes

Over the last few years many different biological nanomaterials 
have been developed among which CNTs are widely used in cancer 
therapy. CNTs are tubular materials of nanometer-sized diameter 
and axial symmetry, giving them exceptional properties that can be 
exploited in the identification and treatment of cancer. Nanomaterials 
such as carbon nanotubes (CNTs), quantum dots, and dendrimers have 
distinctive properties that can be exploited for diagnostic purposes and 
drug delivery in cancer [79]. In addition, CNTs have the potential to 
deliver drugs directly to targeted cells and tissues. The contour of the 
CNT would permit these materials to enter the cell via different methods, 
like passive diffusion across the lipid bilayer, or endocytosis. The CNT 
then attaches to the surface of the cell and is consequently engulfed by 
the cell membrane [80]. The hollow monolithic structure of CNTs and 
their capacity to bind preferred functional groups make CNTs potential 
drug carriers. Different functional groups can be attached to make them 
more water-soluble and serum-stable, with little toxicity at the cellular 
level. For e.g. MWCNT (Multi walled carbon nanotubes)  has been 
found to motivate the proliferation of lymphocytes. Its administration 
in mice strongly enhanced the production of IFN-γ-secreting and TNF-
secreting CD8+ T cells. Most statistics point out that TNF stimulates 
innate immunity both in vitro and in animal models and stimulates the 
production of other cytokines (e.g. IL-1, IL-6, and IL-8) and cytotoxic 
agents (e.g. nitric oxide and reactive oxygen species) by macrophages, 
which can further mediate tumor suppression [81].

Conclusion
Besides traditional chemotherapy, surgical excision and radiation 

therapy, there are many other effective treatments for cancer. A number 
of first-line therapies such as Targeted cancer therapy, biological 
response modifiers, GKS and IGRT, bacterial therapy have come up 
and will give a better competition to the present cancer therapies due 
to fewer side effects. A blend of recombinant DNA technology along 
with immunotherapy applied to the anaerobic bacteria will serve as the 
foundation for the multimodality curative strategies for cancer. Recent 
advancement in understanding the molecular changes that underlie 
cancer development offer the panorama of specifically targeting 
malfunctioning molecules and pathways to achieve more efficient and 
rational cancer therapy. Advance investigation and developments in 
these studies will put in a new dimension to cancer treatment.
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