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ABSTRACT 

Cancer is one of the most frequent and distressing diseases. The mortality caused by cancer and its prevalence has increased during the last 50 
years. Cancer is still one of the most destructive disease of human beings due to its complexity and progressive nature and the clinical management 
of this deadly disease continue to be a challenge for the 21
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century. Various types of cancer are reported in literature such as Carcinoma, Sarcoma, 
Lymphoma, leukemia, Blastoma and Germ cell tumor. There is a continuous need for new and better cancer therapies. A few years ago, surgery and 
radiotherapy were the only effective way to fight tumor growth. Now various therapies for the treatment of cancer have been developed including 
chemotherapy, radiation therapy, proton therapy, thermotherapy, Photodynamic therapy, laser therapy, sentinel lymph node biopsy, cryotherapy 
and differentiation therapy. These therapies have dramatically changed the scenario of cancer treatment. Further research is also needed to 
discriminate the various genes and signaling pathways in the process of the carcinogenesis of cancer stem cells for the development of novel 
therapies, with the ultimate goal of eliminating the residual disease and recurrence. This review aims to present the various types, stages of cancer 
and also focus on various therapies used for the treatment of cancer. 

 

INTRODUCTION 

The latest world cancer report provides clear evidence that global 
cancer rates could increase to 15 million by 2020 and is expected to 
grow to 21.4 million new cancer cases and 13.2 million cancer 
deaths by 2030 [1-2]. New and more effective drug therapies are 
being developed due to the progress in the field of tumor biology 
and molecular genetics [3, 4]. A lot of challenges lie ahead for all 
those that are involved in cancer research and patient management. 
In cancer, abnormal cells divide in an uncontrolled manner and 
invade to other parts of the body through the blood and lymph 
system. A single tumor cell surrounded by normal cells will replicate 
at a higher rate than the other cells. Once a small cancerous mass has 
formed, the normal cells will not be able to compete with the tumor 
cells for the supply of nutrients from the blood stream. The tumor 
cells will start displacing normal cells until the tumor reaches a 
diffusion-limited maximal size [4, 5

Tissue Invasion and Metastasis: Once cancer cells leave the 
primary tumor and travel through the body, the ability to invade and 

colonize distant sites to form metastases are dependent on acquiring 
the ability to overcome the normal suppressors of invasion [7].  

Limitless potential for replication 

Tumor cells develop unlimited replicative potential, effectively 
gaining “immortality” for expanding their population [6]. 

Sustained angiogenesis 

Angiogenesis, the process by which new blood vessels are formed, is 
not an inherent property of most of cells in small, localized 
neoplasms. Cancer cells acquire the angiogenic ability to develop 
into larger and potentially metastatic state.  

Evading apoptosis 

In normal tissue, the stability of cell population is maintained through 
a process of programmed cell death or apoptosis. Acquiring resistance 
to apoptosis is one of the key mechanisms by which cancer cells 
maintain proliferation and is thought to be a critical survival factor for 
the majority of tumors [7]. The present review aims to discuss various 
therapies used to treat the cancer. Various types and stages of cancer 
have also been discussed in this review article. 

]. Nutrients are easily available at 
the outer side of a mass, while cells on the inner side create a 
necrotic core within the tumor that is dependent on diffusion to 
receive nutrients and eliminate waste products. Thus a steady state 
tumor size, forms, until a better connection with the circulatory 
system is achieved. The tumor will remain at this size and the 
process take years until the tumor can gain that access to the 
circulation [5]. There are more than 100 different types of cancer. 
The commonly occurring cancers are bladder cancer, breast cancer, 
colorectal cancer, lung cancer, prostate cancer, etc. Alterations to 
normal cell physiology defines the progression of most human 
malignancies but six essential alterations are as:  

Self-sufficiency in growth signals 

Tumor cells may proliferate either by internal production of growth 
factors or by high levels of external growth factors which usually not 
produce proliferation if present in normal level [6]. 

Insensitivity to antigrowth signals 

In normal tissues, the stability of the cell population is maintained by 
a host of signals and factors inhibiting cell proliferation and 
differentiation. For cancer cells to survive and replicate, these 
antigrowth signals are inhibited by cancer cells to survive and 
replicate [7]. 

This type of carcinoma resembles gland-related molecular products 
or microscopic glandular-related tissue cytology and tissue 
architecture [8]. 

Types of cancer 

On the basis of resemblance of the tumor with the type of cell, cancer 
can be classified as below:  

Carcinoma 

Carcinoma is defined as the cancer that generally arises in a tissue 
lining the outer or inner surfaces of the body. It originates in cells 
developed in the endodermis or ectodermic germ layer during 
embryogenesis. Damage in the genome of putative epithelial cells may 
cause cells to exhibit abnormal, malignant properties resulting in 
carcinoma [8]. Small and localized carcinoma that has not yet 
permeated through the epithelial basement membrane is known as 
Carcinoma in situ (or CIS). It is not a pre-malignant type, but a pre-
invasive type of cancer[9]. The carcinoma can further be classified as:  

Adenocarcinoma 
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Squamous cell carcinoma 

This type of carcinoma includes features and characteristics like 
intercellular bridges, keratinization, squamous pearls which are 
indicative of squamous differentiation [10]. 

Adenosquamous carcinoma 

This type of tumor contains both adenocarcinoma and squamous cell 
carcinoma, so known as mixed tumor, wherein a minimum of 10% of 
the tumor volume is comprised of each of these cell types [10].  

Anaplastic carcinoma 

It belongs to the heterogeneous group of high-grade carcinoma cells 
lacking any evidence of highly specific differentiated neoplasms 
histologically or cytologically. This type of carcinoma is also known 
as undifferentiated carcinomas [11]. 

Large cell carcinoma 

Large cell carcinomas are also called large cell lung cancers as these 
often occur in the outer regions of the lungs. When examined under 
the microscope, these appear like large round cells and tend to be 
large as well when diagnosed. This type of carcinoma tends to grow 
and disseminate more rapidly than some other forms of non-small 
cell lung cancer [11]. 

Small cell carcinoma 

It refers to the carcinoma in which cells are approximately 3 times 
smaller than the diameter of a resting lymphocyte, little evident 
cytoplasm and usually round in shape. Occasionally, small cell 
malignancies may be of slightly polygonal or spindle-shaped cells. 
Small cell carcinoma (SCC) occurs in multiple sites throughout the 
head and neck and has become recognized as a relatively infrequent 
clinical pathology [12]. 

Other forms of carcinoma include the lesions of pseudo-sarcomatous 
origin like spindle cell carcinoma (encompassing elongated cells 
resembling connective tissue cancers), giant cell carcinoma 
(comprising of huge, bizarre, multinucleated cancer cells), and 
sarcomatoid carcinoma (encompassing mixtures of both spindle and 
giant cell carcinoma). Pleomorphic carcinoma contains spindle cell 
and giant cell components, with at least 10% tumor mass of highly 
differentiated characteristics (i. e. Adenocarcinoma or squamous cell 
carcinoma). Carcinosarcoma and pulmonary blastoma occur rarely 
ever and may contain tumor mass resembling both carcinoma and 
true sarcoma [13]. 

Sarcoma 

Sarcomas are malignant tumors of mesenchymatous origin. This 
category of cancer includes malignant tumors of cancerous bone, 
cartilage, fat, muscle, vascular, or hematopoietic tissues [14]. Based on 
the type of tissue from which they arise, sarcomas are classified 
differently e. .g. osteosarcoma arises from bone, chondrosarcoma 
originating from cartilage, liposarcomaoriginating from fat, and 
leiomyosarcoma originating from smooth muscles. Sarcomas, such as 
leiomyosarcoma, chondrosarcoma and gastrointestinal stromal 
tumour (GIST) are more frequent in adults than in children. Most high-
grade bone sarcomas, including Ewing's sarcoma and osteosarcoma, 
are more common in children and young adults [15]. Based on the 
presence and abundance of certain cellular and subcellular 
characteristics associated with malignant biological expression, 
sarcomas are classified into different grades i.e. Low grade sarcomas, 
Intermediate grade sarcomas and high grade sarcomas [14]. Higher 
grade tumors are treated more aggressively as they are more likely to 
undergo invasion and spread to locoregional and distant sites. The 
sensitivity of various types of sarcoma towards chemotherapy has 
dramatically improved the survival of patients to 60-70% with 
localized osteosarcoma as compared to pre-chemotherapy era where 
long term survival for patients was approximately 20% only [16]. 

Lymphoma 

Lymphoma is a type of blood cancer in which white blood cells that 
help in protecting the body from infection and disease i.e. 
lymphocytes start behaving abnormally. Abnormal lymphocytes may 

divide faster or live longer than normal cells. Lymphoma may 
develop in several parts of the body, including the bone marrow, 
lymph nodes, blood, spleen, etc. The lymphomas refer to a 
heterogeneous group of tumors and also among the first type of 
cancer to respond to chemotherapy or radiotherapy [17]. 

There are more than 50 distinct lymphomas in the current World Health 
Organization (WHO) classification system, existing along a broad 
spectrum with regards to pathophysiology, natural history, prognosis, 
and optimal management [18]. Two broad types of lymphoma are:  

Hodgkin's Lymphoma (HL) 

Hodgkin's lymphoma was first described by Dr. Thomas Hodgkin in 
1832. Hodgkin’s disease involves the Reed–Sternberg cells. It has a 
bimodal distribution, occurring most frequently in human beings at 
15–34 years and above 50 years of age and is generally asymptomatic 
with painless lymphadenopathy, usually in the cervical region [19]. 
The classification and diagnosis of Hodgkin's lymphoma may be 
compromised if the biopsy is crushed or unsatisfactory in size, as it is 
based on proper cellular and tissue architectural conclusions [20]. 
There are four main histological sub-types of Hodgkin’s lymphoma. 
These include lymphocyte predominant, mixed cellularity, nodular 
sclerotic and lymphocyte depleted.  

Nodular sclerotic Hodgkin’s lymphoma occurs most commonly in 
young adult patients. Staging of Hodgkin’s lymphoma is defined by 
Ann Arbor classification and is based on the involvement of lymph 
node above and below the diaphragm and the presence of B 
symptoms (fever, night sweat or weight loss). It is one of the most 
familiar non-AIDS defining neoplasm in the HIV+population and is 
treated with highly active anti-retroviral Therapy (HAART) [21-23]. 

Non-hodgkin lymphoma (NHL) 

It does not involve Reed-Sternberg cells. There are more than 61 
different types of NHL, some of which are more frequent than others 
[24]. 

Leukemia 

Leukemia is characterized by an abnormal increase of immature 
white blood cells called “blasts”. Leukemia is a broad term covering a 
spectrum of diseases. It is part of the even wider group of diseases 
known as hematological neoplasms and affects the blood, bone 
marrow, and lymphoid system. A characteristic quality of leukemia 
cells is an obstruction of differentiation at a specific stage in cellular 
maturation [25]. Leukaemia is mainly divided into two broad groups 
which are further subdivided into various groups clinically and 
pathologically. 

Acute leukemia 

It refers to a rapid increase in the number of immature blood cells. 
The bone marrow becomes unable to produce healthy blood cells 
due to crowding of such cells. These malignant cells grow rapidly 
and then spill over into the bloodstream and invade other organs of 
the body [25]. Acute forms of leukemia are the most frequent forms 
of leukemia in children [26]. 

Chronic leukemia 

It refers to an excessive build up of relatively mature and abnormal, 
white blood cells. Many abnormal white blood cells are produced at 
a much greater rate than normal typically taking months or years to 
progress. Patients suffering from chronic forms are supervised some 
time before treatment to ensure maximum effectiveness of therapy, 
whereas acute leukemia need to be treated immediately. Chronic 
leukemia most frequently occurs in older people but can probably 
occur in any age group [26]. 

The second division is based on which kind of blood cell is affected. 
This leukemia is divided into lymphocytic or lymphoblastic leukemia 
and myelogenous or myeloid leukemia  

Lymphocytic leukemia 

It is characterized by the cancerous change occurring in a type of 
marrow cell that form lymphocytes (infection-fighting immune 
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system cells) in a normal manner. Lymphocytic leukemia affects a 
specific subtype of lymphocyte mostly, the B-cell [25]. 

Myeloid leukemia 

It is characterized by the cancerous change occurring in a type of 
marrow cell that normally forms red blood cells, some other types of 
white cells, and platelets [25]. A total of four main categories result 
by combining these two classifications. There are typically several 
sub-categories within each of these four main categories. Some 
infrequent types also exist, which are considered to be outside of 
this classification scheme. 

Acute lymphoblastic leukemia 

It is the most common type of leukemia in young children. This 
disease also affects adults, especially above age 60. Sub-types 
include precursor B acute lymphoblastic leukemia, precursor T acute 
lymphoblastic leukemia, Burkett’s leukemia and acute bi phenotypic 
leukemia [26]. It originates from recurrent genetic insults that 
obstruct differentiation of precursor B and T-cells, resulting in 
aberrant cell proliferation and survival [27]. Standard treatments 
involve chemotherapy and radiotherapy. The survival rate is 50% in 
adults and 85% in children. 

Chronic lymphocytic leukemia 

This type of leukemia is commonly found in adults over the age of 
55, occurring rarely in younger adults, but it almost never affects 
children. Two-thirds of affected people are men. The five-year 
survival rate was found to be 75%. It is incurable, but there are 
many effective treatments. One subtype is B-cell prolymphocytic 
leukemia, a more aggressive disease [28]. 

Acute myelogenous leukemia (AML) 

It is defined as a clonal disorder of haemopoietic progenitor cells, 
characterized by an increase in the number of myeloid cells in the 
marrow and seize in their maturation, resulting in a hematopoietic 
scarcity [29]. It occurs more commonly in adult men than in children 
and women. AML is treated with chemotherapy. Subtypes of acute 
myelogenous leukemia involve acute promyelocytic leukemia, acute 
myeloblastic leukemia, and acute megakaryoblastic leukemia. The 
five-year survival rate is 40%, except for acute promyelocytic 
leukemia, which is over 90% [30]. It is the most common malignant 
myeloid disorder in adults [31]. 

Chronic myelogenous leukemia (CML) 

Chronic myeloid leukemia has led the way in developing rational 
drug development in cancer. It occurs mainly in adults. It has been 
reported in a very small number of children. Treatment is with 
chemotherapy. The five-year survival rate is 90%. One subtype is 
chronic monocytic leukemia [32]. 

Hairy cell leukemia (HCL) 

Hairy cell leukemia was first recognized as distinctive clinical-
pathologic entity approximately 50 years ago [33]. It is a unique 
chronic lymphoproliferative disorder [34]. It is sometimes 
considered a subset of chronic lymphocytic leukemia, however, does 
not fit neatly into this pattern. About 80% of affected people are 
adult men. No cases in children have been reported. It is incurable, 
but easily treatable. The ten years survival rate is 96% to 100%. The 
use of interferon alpha (IFN-α) in the treatment of Hairy cell 
leukemia was first recommended in 1984 [33]. 

T-Cell prolymphocytic leukemia 

T-cell prolymphocytic leukemia is a very rare, highly aggressive 
leukemia. It affects adult men more than women [34]. It is also the most 
usual type of mature T cell leukemia in spite of its overall rarity [35]. It is 
too complicated type of leukemia that median survival is measured in 
months with treatment. The principal characteristics of the disease are 
organomegaly, skin lesions and raised lymphocyte count [36].  

Large granular lymphocytic leukemia 

It is a rare and indolent leukemia involving either T-cells or NK 
cells[37]. T-cell large granular lymphocyte leukemia is a clonal 

proliferation of cytotoxic T cells, which causes neutropenia, anemia, 
and thrombocytopenia [38].  

Adult T-cell leukemia 

It is caused by human T-lymphotropic virus (HTLV), a virus similar 
to HIV. Like HIV, HTLV infects CD4+T-cells and replicates within 
them. However, unlike HIV, it does not destroy them. Instead, HTLV 
immortalizes the infected T-cells, resulting in their abnormal growth 
rapidly. Human T cell lymphotropic virus types I and II are endemic 
in certain areas of the world [39]. 

Germ cell tumor 

Germ cell tumors originate due to the abnormal growth and 
development of cells producing eggs or sperm in the reproductive 
organs [40]. These can be cancerous or benign. Germ cells are 
normally found inside the ovary and testis. Germ cell tumors 
developing outside the gonads may be due to birth defects resulting 
from abnormal development of the embryo. Patients having 
disorders of sex development (DSD) show more risk for the 
development of germ cell tumors [41]. Germ cell tumors are broadly 
divided into two classes based on their histology regardless of 
location in the body:  

The Germinomatous or Seminomatous Germ Cell Tumors 
(GGCT, SGCT) 

These include only germinoma and its synonyms dysgerminoma and 
seminoma. 

The Non-Germinomatous or Non-Seminomatous Germ Cell 
Tumors (NGGCT, NSGCT) 

These include all other germ cell tumors, pure and mixed. 

The two classes reflect an important clinical difference. Compared to 
germinomatous tumors, non-germinomatous tumors tend to grow 
faster. As germinomatous tumors respond well to chemotherapy and 
radiation, the survival rate for these tumors is higher as compared to 
non-germinomatous tumor. However, the use of platinum-based 
chemotherapy regimens has dramatically improved the prognosis 
for nongerminomatous tumors [42]. Mixed Germ Cell Tumors exist 
in many forms, e.g. teratoma with endodermal sinus tumor. 
Teratocarcinoma refers to a mixed germ cell tumor that is a 
combination of teratoma with embryonal carcinoma, or with 
choriocarcinoma, or with both. This kind of mixed germ cell tumor 
may also be known simply due to its malignant components: 
embryonal carcinoma and choriocarcinoma ignoring the teratoma 
component. They can be present in the anterior mediastinum [43]. 

Blastoma 

It refers to a type of cancer that is caused by uncontrolled growth in 
precursor cells usually known as blasts. It is more frequent in 
children. The blastoma can be of various types: Hepatoblastoma, 
Medulloblastoma, Nephroblastoma, Neuroblastoma, Pancreato 
blastoma, Pleuropulmonary blastoma, Retinoblastoma, Glioblastoma 
Multiforme. Mutations in tumor suppressor genes result in various 
types of blastoma e.g. pleuropulmonary blastomas occur due to a 
mutation of the coding for p53. However, the mutation which allows 
propagation of precursor cells can differ from patient to patient and 
thus the prognosis of the tumor get altered. There is loss of function 
mutation on a specific band of chromosome XIII and patients carry 
an abnormal karyotype in the case of retinoblastoma. Various other 
types of cancer are also associated with this recessive deletion of the 
retinoblastoma gene. Thus, a practitioner may go directly into 
treatment in the case of common blastomas such as retinoblastomas, 
but in the case of rarer and more-genetically-linked blastomas, the 
appearance of the chromosomal makeup of a somatic cell of the 
patient, including the size, structure, the number and arrangement 
of the chromosomes must be studied before proceeding with 
treatment [13].  

Stages of cancer 

Most of the cancers have four stages, numbered from I to IV [44]. 
These stages are  

Stage I: usually means a cancer is moderately small and limited 
within the organ it started in. 
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Stage II: usually means the cancer has not disseminated into the 
surrounding tissue, but the size of the tumor is larger than in stage I. 
Sometimes stage II means that cancer cells have spread into the 
lymph nodes near the tumor. This depends on the particular type of 
cancer. 

Stage III: generally means the cancer is larger. It may have started to 
disseminate into the encompassing tissues and there are cancer cells 
in the lymph nodes in the area. 

Stage IV: means the cancer has disseminated to other body organs. 
This is also called secondary or metastatic cancer. 

Therapies used in treatment of cancer 

Cancer is one of the most common disease causing nearly 7 million 
deaths each year worldwide. The scenario of cancer treatment has 
dramatically changed over the last few decades. New trends of 
therapy are now emerging in cancer treatments that are mainly 
based on the molecular features of tumor. The treatment of cancer 
has been made more tumor specific and less toxic with the help of 
novel cancer targeted therapies based on therapeutic antibodies or 
small molecules [45-46]. A team of oncologists generally design the 
treatment for cancer and is based on the type of cancer and the stage 
of the cancer [47]. Most treatments are premedicated specifically for 
each individual. Patients may obtain a unique tumor treatment 
protocol for their cancer. Various treatments used for the treatment 
of cancer include chemotherapy, surgery, radiation, or a 
combination of these treatments. The various advanced therapies 
included in cancer treatment are discussed below:  

Chemotherapy 

The use of chemotherapy to treat cancer commenced at the 
beginning of the 20th century with an effort to narrow the list of 
chemicals by developing methods to screen them using 
transplantable tumors in rodents. Chemotherapy has been used 
since the late 1940’s. Now a days, important molecular 
abnormalities are being used to screen for the new promising 
anticancer drugs and targeted therapies resulting in more 
advancements in chemotherapy [48]. Various drugs are used in 
chemotherapy, such as Gemcitabine, Gefitinib, Azacitidine, 
Pemetrexed, Paclitaxel, Carboplatin, Docetaxel etc. The various 
routes of administration of anticancer drugs are oral (tablets, 
capsules) and parenteral (intramuscular, intravenous). Currently, 
chemotherapy is used as part of a multimodal approach to the initial 
treatment of different types of tumors, including locally advanced 
stages of esophageal, lung, head and neck cancer, pediatric solid 
tumors and soft tissue sarcomas [49]. The actions of anticancer 
drugs relate to the cell cycle in the body. Chemotherapy is the choice 
of initial treatment. The main side effect of chemotherapy includes 
nausea, vomiting, hair loss, anemia, diarrhoea, constipation, low 
blood count, and fertility changes etc. Chemotherapy has made 
significant improvement in both early and advanced stage breast 
cancer with several notable studies identifying clear survival 
benefits for newer therapies in the last 10 years. The Risk to benefit 
ratio of current therapies used in the treatment of breast cancer 
could be improved by using personalized therapies based on the 
molecular characteristics of the tumor [50]. Chemotherapy has made 
successful management of various types of cancer, enhancing 
survival rates. However, it is generally not very specific and thus 
puts normal tissues and organs at threat [51]. Many 
chemotherapeutic agents affect brain function by direct/indirect 
mechanisms even if the brain is provided with safeguards for 
systemic treatment by the blood-brain barrier. Chemotherapy 
adversely affects cognitive function both intensely and chronically, 
but the mechanism is still unknown [52]. Patients acquiring 
chemotherapy for cancer are at high risk for venous 
thromboembolism. Semuloparin is a drug of choice which reduces 
the development of thromboembolic events, with no apparent 
increase in major bleeding in patients receiving chemotherapy for 
cancer [53, 54]. Superior clinical outcomes may be produced by a 
dose-dense (DD) regimens of combination chemotherapy [55]. 

Radiation therapy 

Radiation therapy continues to be a crucial component of cancer 
treatment with the majority of all cancer patients acquiring 

radiation therapy during their course of illness and it contributes 
towards 40% of curative treatment for cancer. The radiation therapy 
deprives cancer cells of their multiplication potential [56]. In order 
to achieve this goal various techniques of radiation therapy are 
urbanized as Fractionation, 3D conformal radiotherapy (3DCRT), 
Intensity modulated radiation therapy (IMRT), Image-guided 
radiotherapy (IGRT) and stereotactic body radiation therapy (SBRT). 
Efforts towards designing new radiation treatment modalities and 
techniques are going on, which perk up the survival and quality of 
life of cancer patients [57]. High-energy radiation is used to shrink 
tumors and kill cancer cells in radiation therapy. Various types of 
radiation used for cancer treatment are X-rays, gamma rays, and 
charged particles. The radiation therapy may be done by various 
means, including external-beam radiation therapy in which a 
machine outside the body delivers radiations, or internal radiation 
therapy in which irradiation from radioactive material placed in the 
body delivers radiation near tumor cells. Radiation therapy kills 
cancer cells by damaging the molecules known as DNA, which are 
present in cells and carry genetic information from one generation 
to the next for killing cancer cells [58]. DNA can be damaged directly 
or free radicals may be generated within the cells that can in turn 
damage the DNA by radiation therapy. Radiation therapy may be 
used in combination with other therapies like surgery and 
chemotherapy. Depending on the type of cancer being treated, a 
patient may receive radiation therapy before, during, or after 
surgery [58]. Year 2011 has been designated as the Year of Radiation 
therapy in the UK to celebrate the 100th anniversary since Marie 
Curie won a second Nobel Prize for her research into radium. Over 
the last 100 years, enduring advances in the radiation therapy 
treatment and progress made in cancer cell responses to radiation 
enterprise to reduce treatment side effects for cancer patients. 
Intensity modulated radiotherapy represents a noteworthy 
advancement in conformal radiotherapy [59] IMRT is highly 
beneficial for patients with tumor targets that are concave and 
where normal tissue forestalling is clinically important [60]. 

Proton therapy 

The use of high-energy protons in radiotherapy was first proposed 
in 1946. In the last decade, there has been a significant escalation in 
the number of centers using protons in the treatment of malignant and 
non-malignant disease [61]. Treatment of patients is being done in 
various proton therapy centers in the United States and numerous 
others are under construction or in the planning phase. Proton therapy 
has wonderful potential as a treatment for various tumors. Public 
interest in proton therapy has grown to a large extent since the FDA 
approved it in 2001. Enthusiasm for the proton therapy is getting 
ahead of the research due to the concern among members of the 
medical and research communities. Proton therapy is allied with 
considerable benefit in terms of normal tissue sparing and potential 
radiation dose amplification for many patients with malignant 
diseases. This beneficial technology is provided to a larger number of 
patients as a result of such expansion. However, the importance of 
careful treatment planning, precise scientific investigation, including 
comparison to other technologies, ethical issues and cost effectiveness 
must not be forgotten [62]. Proton therapy is being used more 
commonly in children suffering from various types of cancer, and 
adults having tumors in organs such as the prostate, bladder, brain, 
spine, lungs, head and neck. Proton therapy centers are further 
pursuing in research to test its use for additional cancers [63]. X-rays 
have no charge. On firing the X-rays at a tumor in radiation therapy, 
their energy is transferred at an evenly decreasing rate to the normal 
tissues between the surface of the body and the target as well as to the 
tissues beyond the tumor until they exit the body. On the other hand, 
as proton beams have a positive charge, they transfer their energy at a 
defined distance within a region called the Bragg peak, i. e. Charge is 
delivered to its calculated destination. When the target is hit, there is 
greater damage to the tumor sparing healthy tissues of the side effects 
from the treatment [64]. 

Thermotherapy 

Thermotherapy has been used with the purpose to cure tumors for 
at least 4000 years, and as a tool to destroy tumor masses well 
before that period [65]. Thermotherapy is a type of therapy for the 
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cancer treatment in which body tissues are exposed to elevated 
temperatures up to 113°F. High temperatures can damage and kill 
cancer cells, causing nominal injury to healthy tissues [66]. 
Hyperthermia may shrink tumors by killing tumor cells and 
damaging proteins and structures within the cancer cells [67]. 
Finally, the target of thermo therapy is to capitalize on the difference 
in thermotolerance between normal and cancer cells. Hyperthermia 
is commonly used with radiation therapy and chemotherapy for 
cancer treatment. In numerous clinical trials, hyperthermia was 
used in combination with radiation therapy and chemotherapy for 
the treatment of various types of cancer, including cancers of the 
rectum, cervix, breast, brain, esophagus, appendix, bladder, lung, 
liver, head, neck and peritoneal lining (mesothelioma) resulting in 
the improvement of the effect of various anticancer drugs [68]. 
Several methods of hyperthermia, including regional, local and 
whole-body hyperthermia, are currently under study [69]. 

Local hyperthermia: In local hyperthermia, various types of energy, 
including microwave, radiofrequency, and ultrasound may be used 
to apply heat to the tumor with the help of different techniques. 
Depending on the location of the tumor in the body, there are several 
approaches to local hyperthermia, such as External, Intraluminal or 
endocavitary and Interstitial. 

Regional hyperthermia: In regional hyperthermia, heat is applied to 
large areas of tissue, like a body cavity, organ, or limb using various 
approaches.  

Whole-body hyperthermia: In whole-body hyperthermia, the various 
techniques that elevate the body temperature to 107–108°F are used 
to apply heat to the tumor. These techniques include the use of 
thermal chambers similar to large incubators or hot water blankets. 
It helps in the treatment of metastatic cancer, disseminated 
throughout the body [70]. 

Now a day, the concept of intracellular hyperthermia has emerged as 
a novel approach in which magnetic particles are made to 
accumulate at the cancer site and a magnetic field is applied to 
remotely heat them to accomplish hyperthermic temperatures (42-
45°C) [71].  

Photodynamic therapy 

In 1903, eosin was applied topically to basal cell carcinomas (BCCs) 
prior to illumination and thus found the first clinical application of 
Photodynamic therapy in the treatment of cancer [72]. A drug, 
known as a photo sensitizer or photosensitizing agent having a 
specific wavelength of light is used for the treatment in 
photodynamic therapy (PDT). On exposure to a specific wavelength 
of light, photosensitizing agent releases a form of oxygen that kills 
nearby cells [72, 73]. Each photo sensitizer is activated by light of a 
specific wavelength which determines the distance to be travelled by 
light into the body. Thus, Specific photo sensitizers and light of 
particular wavelength are used to treat tumors in various areas of 
the body with photodynamic therapy. In photodynamic therapy for 
cancer treatment, photo sensitizer on injection into the bloodstream 
is absorbed by cells throughout the body, but the duration of stay of 
photo sensitizer is longer in cancer cells than in healthy cells. The 
tumor is exposed to light approximately 24 to 72 hours after 
injection as most of the anticancer drugs are excreted by normal 
cells upto this time period but stay in the tumor. The photo 
sensitizer in the tumor absorbs the light and releases an active form 
of oxygen that destroys nearby tumor cells [74, 75]. The three main 
mechanisms involved in the antitumor effects of PDT include direct 
tumor cell death (also known as necrosis, apoptosis and autophagy) 
in which cancer cells are directly killed using PDT, vascular 
destruction in which the blood vessels in the tumor are damaged by 
the photosensitizing agent, thus depriving the tumor cells from 
receiving necessary nutrients, and immune system activation in 
which the immune system is activated by photo sensitizer to attack 
the cancer cells [76]. Photo sensitizers in Photodynamic therapy 
include various nontoxic drugs or dyes that are pharmacologically 
active only after exposure to light in the presence of oxygen. Due to 
its deep selectivity and specificity, PDT has been considered to be a 
feasible treatment for neoplasms, including cancers of the skin, head 
and neck, nasopharynx, esophagus, lung, pancreas, biliary duct, and 

bladder. Laser or other sources of light can be used for the activation 
of photo sensitizer. PDT may be used in combination with other 
therapies, such as chemotherapy, radiation or surgery. Numerous 
clinical trials are in progress to evaluate the use of PDT for various 
types of cancers [77]. The most promising approach as carriers of 
photo sensitizers is the use of nanoparticles as these can satisfy all 
the requirements for an ideal PDT agent [78]. Photodynamic therapy 
has been applied clinically to both early and advanced stages of lung 
cancer. It can preserve pulmonary function, well tolerated and cost-
effective in comparison with other treatments [79].  

Laser therapy  

The term “laser” stands for light amplification by enthused emission 
of radiations. In comparison to ordinary light which has many 
wavelengths and spreads in all directions, laser light has a particular 
wavelength which is focused in a narrow beam and produce a very 
high-intensity light to treat cancer and other illnesses. Lasers are 
most often used to shrink or destroy tumors and precancerous 
growths. Laser therapy is most commonly used to treat peripheral 
cancers, including basal cell skin cancer and the very early stages of 
different types of cancer, such as non-small cell lung cancer, vulvar, 
vaginal, penile, cervical cancer. Various symptoms of cancer, such as 
bleeding or obstruction may also be relieved using laser therapy. 
Laser therapy can be used in combination with various other 
treatments, such as surgery, chemotherapy, or radiation therapy. In 
addition, Lymph vessels may be sealed with the help of laser therapy 
to reduce swelling and limit the tumor cells to metastasize. Laser 
therapy may also seal nerve endings to reduce pain after surgery. A 
thin, lighted tube known as a flexible endoscope (fitted with thin 
optical fibers that transmit light) is often used to look at tissues 
inside the body during laser therapy [80]. Laser light is particularly 
focused to destroy a tumor after being inserted through an opening 
in the body, such as the vagina, anus, mouth and nose. In laser-
induced interstitial thermotherapy (LITT), or interstitial laser 
photocoagulation, lasers are used to treat some cancers. LITT is 
similar to a cancer treatment called hyperthermia in which heat is 
used to shrink tumors by damaging or killing tumor cells. Another 
type of cancer treatment that uses the laser is Photodynamic therapy 
(PDT). Three types of lasers are most often used to treat various 
types of tumor, including neodymium: yttrium-aluminum-garnet 
(Nd: YAG), argon lasers and carbon dioxide (CO2

Lymph nodes refer to small round organs that are part of the body’s 
lymphatic system, are connected to one another by the lymph 
vessels and are found widely throughout the body. Lymph nodes are 
important parts of the body’s immune system containing B 
lymphocytes, T lymphocytes, and other types of immune system 
cells, which monitor lymph for the presence of “foreign” substances, 
such as bacteria and viruses [82]. If a foreign substance is detected, 
an immune response will be triggered by the activation of some of 
the cells. Lymph nodes also help in determining whether cancer cells 
have developed the ability to disseminate to other parts of the body. 
A sentinel lymph node refers to the first lymph node to which tumor 
cells are more likely to disseminate from a primary tumor. 
Sometimes, there can be more than one sentinel lymph node. A 
positive SLNB result indicates that cancer has spread to the sentinel 
lymph node, nearby lymph nodes also known as regional lymph 
nodes and, possibly to other body organs. A negative SLNB means 
the cancer has not developed the ability to disseminate to sentinel 
lymph node, nearby lymph nodes or other body organs. If the 
sentinel lymph node is negative for cancer, it may not be necessary 
to remove additional nearby lymph nodes to look for cancer cells. 
SLNB is most commonly used to find the stage of breast cancer and 
melanoma. However, it is also being studied with various other 
cancer types, including gastric cancer, head and neck cancer, 
colorectal cancer, thyroid cancer, esophageal cancer and non-small 
cell lung cancer [83]. Currently, the sentinel lymph node biopsy 
procedure is recognized as the standard treatment for stages I and II. 

) lasers. Each of 
these can be used with endoscopes to shrink or destroy tumors. 
Operations are usually shorter with laser therapy. Numerous clinical 
trials are under the way to find the use of lasers in the treatment of 
cancers of the brain and prostate [81]. 

Sentinel lymph node biopsy (SLNB) 
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SLNB is not contra indicated in pregnancy as the dose transferred to 
the fetus from this procedure is negligible [84]. 

Cryotherapy 

Cryotherapy helps in reducing the tissue temperature, tissue 
stiffness, muscle spasm, metabolism, circulation, inflammation, and 
symptoms of delayed-onset muscle soreness and thus can be used to 
control pain and edema [85]. Cold hypersensitivity and persons with 
vasospastic disorders are contraindicated for cold therapy. Cold 
sensitive patients may risk local burns or systemic complications 
with cold therapy [86]. Tumors are being eradicated safely and with 
significantly decreased morbidity by the introduction of the recent 
modifications in the technique of salvage cryosurgery and third-
generation cryotechnology using 17-gauge Cryo Needles™. 
Cryosurgery is effective in destroying radio recurrent tumors [87-
88]. In cryotherapy, extreme cold produced by liquid nitrogen or 
argon gas is used to destroy abnormal tissues. Cryosurgery helps in 
the treatment of external tumors, such as those on the skin as well as 
internal tumors, such as tumors in the bone and the body. Liquid 
nitrogen is applied directly to the tumor cells with a spraying device 
or a cotton swab for the treatment of external tumors. Liquid 
nitrogen or argon gas is circulated through a cryoprobe placed in 
contact with the tumor for the treatment of internal tumors. A lump 
of ice crystals forms around the probe, freezing nearby cells. 
Sometimes many probes are used to transfer the liquid nitrogen to 
different parts of the cancer and may be placed into the tumor 
percutaneously or through surgery. After cryosurgery, the frozen 
tissue deliquesces and after dissolving other forms a shell (for 
external tumors) or is either naturally absorbed by the body (for 
internal tumors). Cryotherapy has acquired significance as a locally 
ablative treatment option for patients with non-resectable liver 
tumors, especially metastases from colorectal cancer [89]. 
Cryosurgery can be an effective treatment for retinoblastoma, 
prostate and liver tumors. It has been found that cryosurgery is most 
effective in meagre tumors, early-stage cancer of the skin, including 
both basal cell and squamous cell carcinomas, cervical 
intraepithelial neoplasia and various parts of the retina. Cryosurgery 
endeavors various advantages over other therapies for cancer 
treatment. It involves only a small cut or inclusion of the cryoprobe 
through the skin and thus less invasive than surgery. Cryotherapy 
may be used in combination with surgery, chemotherapy, hormone 
therapy, and radiation therapy. It can be safely repeated. 
Furthermore, it can be used for patients who cannot tolerate surgery 
because of their age or other medical illness. The effectiveness of 
cryosurgery is unpredictable as the cells exhibit different thermal 
histories. Cryosurgery will likely have a more clinical usage with a 
better understanding of cell injury mechanisms [90]. 

Heavy ion therapy 

Energetic heavy ions are the charged particles having high relative 
biological effectiveness and are heavier than helium ions [91]. Unlike 
conventional photons such as X-and γ-rays, heavy ions result in a 
remarkable rise in energy deposition of radiation during its travel 
through matter (represented by a sharp Bragg peak), with a steep 
dose falloff downstream. To enable Spread-out Bragg peaks (SOBP) 
have been devised to raise the dose to the targeted tumor site 
avoiding much exposure to normal tissue, which resulted in broad 
and uniform dose distribution [92], So the rationale for heavy-ion 
cancer therapy is the distinguished biological properties and dose 
conformity. So far, the heavy-ion therapy has accomplished good 
control in short cancer treatment sparing critical normal organs 
[93]. Heavy-ion therapy has become a world wide popularity as a 
number of new facilities are becoming functional worldwide in 
addition to the existing ones. The rate of energy loss along the 
trajectory of an ionizing particle, known as linear energy transfer 
(LET) affects the biological effectiveness of ionizing radiation. High-
LET heavy ions produce dense ionization along their path, and cause 
clustered DNA damage that is complex and not repairable [94]. 
Heavy ions are generally more genotoxic and cytotoxic to cancerous 
cells than low-LET photons [91]. The biological effectiveness 
depends not merely on LET but also on ionic species or ion track 
structure [95]. Few minutes after heavy-ion exposure, changes in 
cellular ultrastructure at the electron-microscopic level occur like 
irregular swellings and invaginations of plasma membrane, 

distended sarcoplasmic reticula, and increased autophagic vacuoles 
might be involved in removal of such disruption [96]. The 
mechanism of action behind the heavy ion–induced cell death 
includes premature agedness, apoptosis, necrosis, autophagy, 
accelerated differentiation, delayed reproductive death in the 
descendants of irradiated cells, and spectator cell death [97-100]. 
Heavy ions are effective at killing cells by possessing high potential 
to suppress angiogenesis, metastasis and arrhythmia [101]. It has 
also been observed from the studies that heavy ions can also 
overcome tumor radioresistance caused by intratumor hypoxia, 
overexpression of the oncogene BCL2 (also Bcl-2) and mutation of 
the tumor suppressor gene TP53 (also known as p53 [102-103]. 
Research is becoming more focused on combining heavy ion therapy 
with other modalities, especially molecularly targeted approaches. 
Despite the heavy-ion therapy has provided remarkable clinical 
outcome with irradiation alone, the combination with gene therapy, 
chemical agents (e. g., halogenated pyrimidine analogue 5-iodo-2’-
deoxyuridine, Bcl-2 inhibitor HA14-1, anticancer drug docetaxel) and 
hyperthermia killed tumor cells more effectively [104-105]. There is 
need of understanding the mode of action of heavy ions more deeply 
which will help in designing of various biological approaches based on 
the mode of action that enhance the targeted killing of cancer cells, 
avoiding normal tissue complications and prediction of 
responsiveness of cancer and normal tissue complications prior to 
treatment by the heavy-ion. In this direction, recent studies have been 
conducted to find the heavy-ion response of tumor cells irradiated in 
vivo, [106-107] 

Gene therapy involves the transfer of genetic material to alleviate a 
disease or at least to refine the clinical status of a patient. 
Transformation of viruses into genetic shuttles, which deliver the 
gene of interest into the target cells, is one of the basic concepts of 
gene therapy [108]. Gene transfer is a novel treatment option for the 
cancer that introduces new genes into a tumor cell or the 
surrounding tissue to cause apoptosis or slow the growth of the 
tumor. Genes are the biological units of heredity. Genes determine 
the ability of the blood to carry oxygen and individual characteristics 
like eye and hair color. Genes are made of deoxyribonucleic acid 
(DNA), a type of biological molecule and are located on 
chromosomes in cells. They have been identified in lung, brain, 
ovarian, prostate, colon, melanoma, pancreatic, breast and blood 
cancers [109]. Gene therapy has been found to be one of the most 
promising novel therapeutic approaches for the treatment of various 
cases of cancer, not responding to traditional therapies [110]. It has 
gained importance in the treatment of chemo-resistant and radio-
resistant cases of cancer that lead to the failure of traditional 
therapies. Most therapies used in the treatment of cancer are 
focused on the rapidly growing tumor mass, but not the slow 
dividing cancer stem cells (the root of cancer origin and recurrence. 
Cancer stem cells possess the capability to self-renew and to cause 
the heterogeneous succession of tumor cells and are found within 
the tumor. Eradicating cancer stem cells has proved to be an 
assuring approach to improve cancer survival or even to cure 
patients suffering from cancer [109]. There are different approaches 
for the treatment of cancer, which involves targeting either to 
healthy cells to enhance their ability to fight cancer or to tumor cells, 
to destroy them or prevent their growth. Some gene therapy 
techniques involve replacement of missing or altered genes with 
healthy genes [110]. Now days, research is mainly focused on 
studying ways to improve a patient’s immune response to cancer. In 
gene therapy, body’s natural ability to attack cancer cells is 
stimulated. In general, a gene is delivered to the cell using a carrier, 
or “vector”. The vectors most commonly used in gene therapy are 
viruses. The unique ability of viruses is to identify certain cells and 
insert genetic material into them. In most clinical trials of gene 
therapy, researchers remove cells from the blood or bone marrow of 
the patients and grow them in the laboratory. The cells are exposed 
to the virus carrying the desired gene and thus the desired gene is 
inserted into the cells’ DNA of the virus. After the growth of cells in 
the laboratory, the cells are then injected into a vein of the patient. 
This type of gene therapy is called ex vivo as the cells are grown 
outside the body. The type of gene therapy in which viruses or fatty 

and further investigations are being done to clarify the 
genes responsible for susceptibility to heavy ions. 

Gene therapy 
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particles are used to deliver the desired gene to cells in the patient's 
body is called in vivo, as the gene is transferred to the cells inside the 
body of the patient [111]. Antiangiogenic therapy designed to arrest 
the growth or spread of tumor (tumor angiogenesis), has emerged as 
a safe and non-invasive option for tumor treatment. As there is over 
expression of integrin receptors on the surface of angiogenic 
endothelial cells, various targeted delivery systems for gene utilizing 
integrin-targeting peptides with an exposed arginine–glycine–
aspartate (RGD) sequence have been developed [112]. In various 
clinical trials of gene therapy, a wide range of genes and viruses are 
being used with successful outcomes. On treatment with Gendicine™ 
(a replication-incompetent adenovirus encoding for the TP53 gene 
in place of the viral E1 gene) of 12 laryngeal cancer patients in a 
phase I clinical trial, none of the patients suffered from tumor 
relapse during the five-year follow-up after the treatment and thus 
Gendicine™ demonstrated therapeutic potential [114]. In a phase 
II/III trials with Gendicine™, 132 head and neck squamous cell 
carcinoma patients were treated. It was observed that 32% patients 
showed fever as the only side-effect of the treatment showing good 
safety profile of Gendicine™. [115]. When Gendicine™ was combined 
with radiotherapy for the treatment of cancer, complete regression 
was observed in 64% of the patients and partial regression was 
observed in 29% of the patients while when treated with 
radiotherapy alone, complete regression was observed in 19% of the 
patients and partial regression was observed in 60% of the patients, 
suggesting a synergistic effect of the combination treatment [115]. 
Thus Gendicine™ became the first gene therapy product that has 
been approved for clinical use [113].  

Oncorine™ (a conditionally replicative adenovirus produced by 
deleting the adenoviral E1B 55K gene) was a second gene therapy 
product developed by Chinese Shanghai Sunway Biotech and 
received market approval by the Chinese SFDA. The deletion of 
adenoviral E1B 55K gene avoids the virus to attach and inactivate 
the wild-type p53 protein, which is a vital self-protection mechanism 
of the host against virus infection [116]. The removal of the E1B 55K 
activity allows the replication in p53-deficient cells only, blocking 
the replication in normal cells. The viral proliferation in malignant 
cells leads to oncolysis and thus treating the solid tumors. Now a 
days,, additional therapeutic proteins are added to the viruses to 
improve efficacy of oncolytic viruses, e. .g., Onco VEXGM-CSF, a 
second-generation oncolytic herpes simplex virus (HSV), 
additionally coding for the therapeutic protein granulocyte 
macrophage Biomedicines 2014, 2154 colony-stimulating factor. In a 
phase I safety study, Onco VEXGM-CSF was administered by 
intratumoral injection in patients with malignant melanoma, 
gastrointestinal, head and neck cancers who had failed prior 
therapy. The study showed that Onco VEXGM-CSF was well tolerated 
and safe [117]. In a Phase I/II study, antitumor effect was seen in 
which Onco VEXGM-CSF was given in combination with cisplatin and 
radiotherapy to patients with untreated squamous cell cancer of the 
head and neck at stage III/IV [118]. As this therapy will grow, it may 
be used alone or in combination with other therapies as a promising 
approach for the treatment of cancer [119].  

CONCLUSION 

Tumors represent a very heterogeneous group of cells having 
different receptivity to cancer therapy. At present, the cancer 
treatments are mainly focused on rapidly dividing cells and 
molecular targets that represent the bulk of the tumor. Various 
current concepts in tumor therapy and tumor biology are 
continuously evolving due to better understanding of therapeutic 
and pathophysiological concepts. Research is more focused on 
finding the specific genetic and molecular abnormalities in different 
types of cancer, and then to find the appropriate therapy that targets 
those abnormalities. Treatment should be designed to identify novel 
techniques of surgical and radiation therapy, pathologic evaluation, 
diagnostic imaging and symptom management. New concepts are 
needed to be investigated in order to achieve a further increase in 
survival for this deadly disease. To identify new targeting drug 
delivery systems for cancer, cancer cell biology as well as cancer 
stem cell biology needs to be deeply understood. A major challenge 
for the development of new therapeutic agents is the necessity to 
discriminate between cancerous stem cells and normal stem cells. 

The therapeutic options for cancer therapy have been significantly 
broadened with the introduction of targeted therapies. Further 
research is also needed to discriminate the various genes and 
signalling pathways in the process of the carcinogenesis of cancer 
stem cells for the development of novel therapies, with the ultimate 
goal of eliminating the residual disease and recurrence. 

CONFLICT OF INTERESTS 

The authors do not have any conflict of interest to declare 

REFERENCES 

1. Global cancer rates could increase by 50% to 15 million by 
2020. World Health Organization. Available from: http: //www. 
who. int/mediacentre/news/releases/2003/pr27/en.[Last 
Accessed: March 13, 2014]. 

2. Global cancer facts and figures. American cancer society. 
Available from: http: //www. cancer. 
org/acs/groups/content/@epidemiologysurveilance. [Last 
Accessed March 15, 2014]. 

3. Kairemo K, Erba P, Bergstrom K, Pauwels EKJ. Nanoparticles in 
Cancer. Curr Radiopharm 2008;1:30-6.  

4. Seufferlein T, Ahn J, Krndija D, Lother U, Adler G, Wichert GV.

5. Brannon-Peppas L, Blanchette JO. Nanoparticle and targeted 
systems for cancer therapy. Adv Drug Del Rev 2004;56:1649-59. 

 
Tumor biology and cancer therapy: an evolving relationship. 
Cell Commun Signaling 2009;7(19):1-10.  

6. Seyfried TN, Shelton LM. Cancer as a metabolic disease. Nutr 
Metab 2010;7:1-22.  

7. Hanahan D, Weinberg RA. The hallmarks of cancer. Cell 
2000;100:57–70.  

8. Bernstein L, Gurney JG. Carcinomas and other malignant 
epithelial neoplasms. Available from: http: //seer. cancer. 
gov/publications/childhood/carcinomas. pdf. [Accessed March 
25, 2014]. 

9. Banerjee AK. Preinvasive lesions of the bronchus. J Thorac 
Oncol 2009;4:545-51.  

10. Shulstad RM, Proper S. Squamous cell carcinoma: a review of 
etiology, Pathogenesis, Treatment, and Variants. J Dermatol 
Nurses' Assoc 2010;

11. Eldridge L. 
2:12-6. 

Large cell carcinoma of the lungs: 

12. Renner G. Small cell carcinoma of the head and neck: a review. 
Semin Oncol 2007;34:3-14.  

symptoms, 
treatments, and prognosis. Available from: http: //lungcancer. 
about. com/od/typesoflungcance1/a/large-cell-carcinoma-of-
the-lungs. html. [Accessed: April 5, 2014]. 

13. Walker RI, Suvarna MathewsK,  S. Pulmonary blastoma: 
presentation of two atypical cases and review of the literature. 
Br J Radiol 2005;78:

14. Machet MC
437-40.  

, Muret AD, Brie J, Goga D, Grangeponte MC. 
Histological classification of sarcomas. Rev Stomatol Chir 
Maxillofac 1995;96:142-7.  

15. Advanced Alternative Sarcoma Treatment. Available from: http: 
//www. sunridgemedical. com/sarco ma. [Accessed: April 8, 2014]. 

16. Longhi A, Errani C, Paolis MD, Mercuri M, Bacci G. Primary bone 
osteosarcoma in the pediatric age: state of the art. Cancer Treat 
Rev 2006;32(6):423-36.  

17. Lymphoma: A detailed description. Available from: http: //www. 
lymphomation. org/about-details. htm. [Accessed April 10, 2014]. 

18. Zachary HW, Matthew JM. Advances in the diagnosis and 
management of lymphoma. Blood Lymphatic Cancer Targets 
Ther 2012;2;29–55. 

19. Kuppers R. The biology of Hodgkin's lymphoma. Nat Rev 
Cancer 2009;9:15-27.  

20. Connors MJ. Clinical manifestations and natural history of 
Hodgkin’s Lymphoma. Cancer J 2009;15(2):124-8.  

21. Mounier N, Spina M, Spano PJ. Hodgkin Lymphoma in HIV 
positive Patients. Curr HIV Res 2010;8(2):141-6. 

22. Carbone A, Gloghini A, Serraino D, Spina M. Hodgkin’s disease 
in patient with HIV infection. Adv Haematol 2011;4(1):3-10.  

23. Gloghini A, Carbone A. Why would the incidence of HIV-
associated Hodgkin lymphoma increase in the setting of 
improved immunity. Int J Cancer 2007;120(12):2753-54.  

24. Banarjee D. Recent advances in the pathobiology of Hodgkin's 
lymphoma: Potential Impact on Diagnostic, Predictive, and 
Therapeutic Strategies. Adv Haematol 2011;99(12):811-26.  

http://www.ncbi.nlm.nih.gov/pubmed?term=Banerjee%20AK%5BAuthor%5D&cauthor=true&cauthor_uid=19279508�
http://bjr.birjournals.org/search?author1=R+I+Walker&sortspec=date&submit=Submit�
http://bjr.birjournals.org/search?author1=K+Suvarna&sortspec=date&submit=Submit�
http://bjr.birjournals.org/search?author1=S+Matthews&sortspec=date&submit=Submit�
http://www.ncbi.nlm.nih.gov/pubmed?term=Machet%20MC%5BAuthor%5D&cauthor=true&cauthor_uid=7644890�
http://www.ncbi.nlm.nih.gov/pubmed?term=de%20Muret%20A%5BAuthor%5D&cauthor=true&cauthor_uid=7644890�
http://www.ncbi.nlm.nih.gov/pubmed?term=Brie%20J%5BAuthor%5D&cauthor=true&cauthor_uid=7644890�
http://www.ncbi.nlm.nih.gov/pubmed?term=Goga%20D%5BAuthor%5D&cauthor=true&cauthor_uid=7644890�
http://www.ncbi.nlm.nih.gov/pubmed?term=Grangeponte%20MC%5BAuthor%5D&cauthor=true&cauthor_uid=7644890�
http://www.ncbi.nlm.nih.gov/pubmed/7644890�
http://www.ncbi.nlm.nih.gov/pubmed/7644890�
http://www.ncbi.nlm.nih.gov/pubmed/7644890�


Dureja et al. 
Int J Pharm Pharm Sci, Vol 7, Issue 4, 1-9 

8 

25. Nowak D, Stewart D, Koeffler PH. Differentiation therapy of 
leukemia: 3 decades of development. Blood 
2009;113(16):3655-65.  

26. Acosta DE, Pelayo R. Lineage switching in acute leukaemias: a 
consequence of stem cell plasticity. Bone Marrow Res 
2012;2012:1-18.  

27. Teitell MA, Pandolfi PP. Molecular Genetics of acute 
Lymphoblastic leukemia. Annu Rev Pathol 2009;4:175-98.

28. Hodgson K, Ferrer G, Montserrat E, Moreno C. Chronic 
lymphocytic leukemia and autoimmunity: a systematic review. 
Haematol 2011;96(5):752-61.  

  

29. Lowenberg B, Downing R, Burnett J. Acute myeloid leukemia. N 
Engl J Med 1999;341:1051-62.  

30. 

31. Estey E, Dohner H. Acute myeloid leukemia. Lancet 
2006;368(9550):1894-907.  

Colvin GA, Elfenbein GJ. The latest treatment advances for acute 
myelogenous leukemia. Med Health RI 2003;86(8):243–46.  

32. Ravella S, Padmanabhan S, Curiel T, Giles F. Current status of 
therapy for chronic myeloid leukemia: a review of drug 
development. Future Oncol 2008;4(3):359-77. 

33. Golomb MH. Hairy cell leukemia: treatment successes the past 
25 years. J Clin Oncol 2008;26(16):2607-09.  

34. Wanko OS, Castro C. Hairy cell leukemia: an elusive but 
treatable disease. Oncologist 2006;11(7):780-9. 

35. Alwadani F. T-cell prolymphocytic leukemia presenting as red 
eye. Middle East Fr J Ophthalmol 2011;18(1):

36. Rosea GM, Berlinerb M. T-cell large granular lymphocyte 
leukemia and related disorders. Oncologist 2004;9(3):247-58.  

77–9.  

37. Naseem S, Gupta R, Kashyap R, Nityanand S. T-cell 
Prolymphocytic leukemia: a report of two cases with review of 
Literature. Indian J Hematol Blood Transfus 2008;24(4):178–81.

38. Bareau B, Rey J, Hamidou M, Donadieu J, Morcet J, Reman O, et 
al. Analysis of a French cohort of patients with large granular 
lymphocyte leukemia: a report on 229 cases. Haematol 
2010;

  

95(9):
39. Lwanga M, Watanabe T, Yamagucghi K. Adult T-cell leukemia: a 

review of epidemiological evidence. Front Microbio 
2012;322(3):1-13.  

1534–41.  

40. Oosterhuis WJ, Looijenga JHL. Testicular germ-cell tumors in a 
broader perspective. Nat Rev Cancer 2005;5:210-22.  

41. Cools M, Drop SLS, Wolffenbuttel PK, Looijenga JHL, Oosterhuis 
WJ. Germ cell tumors in the Intersex Gonad: Old Paths, New 
Directions, Moving Frontiers. Endocr Rev 2006;277(5):468-84.  

42. Ulbright TM. Germ cell tumors of the gonads: review emphasizing 
problems in differential diagnosis, newly appreciated, and 
controversial issues. Mod Pathol 2005;

43. Lensch MW, Ince TA. The terminology of teratocarcinomas and 
teratomas. Nat Biotechnol 2007;25(11):1211-2.  

18(2):61–79.  

44. Cancer staging. National cancer institute fact sheet. Available 
from: http: //www. cancer. gov/cancer 
topics/Factsheet/detection/staging. [Accessed May 03, 2014]. 

45. Urruticoechea A, Alemany R, Balart J, Villanueva A, Vinals F, 
Capella G. Recent advances in cancer therapy: an overview. 
Curr Pharm Des 2010;16:3-10.  

46. Aggarwal S. Targeted cancer therapies. Nat Rev Drug Discovery 
2010;9:

47. Higgins MJ, Baselga J. Targeted therapies for breast cancer. J 
Clin Invest 2011;121:3797–803.  

427-8.  

48. Williams GH, Stoeber K. The cell cycle and cancer. J Pathol 
2012;226:352-64.  

49. Vincent T, Vita D, Edward C. A history of cancer chemotherapy. 
Cancer Res 2008;68(21):8643–53.  

50. Hassan MS, Ansari J, Spooner D, Hussain SA. Chemotherapy for 
breast cancer (Review). Oncol Rep 2010;24:1121-31.  

51. Meyers AC. How chemotherapy damage the central nervous 
system. J Biol 2008;7(11):1-3.  

52. Ismaili N, Amzerin M, Flechon A. Chemotherapy in advanced 
bladder cancer: current status and future. J Hematol Oncol 
2011;4(35):1-12. 

53. 

54. Agnelli G

Fardell JE, Vardy J, Johnston IN, Winocur G. Chemotherapy and 
cognitive impairment: treatment options. Clin Pharmacol Ther 
2011;90(3):366–76.  

, George DJ, Kakkar AK, Fisher W, Lassen MR, Mismetti 
P, et al. Semuloparin for thromboprophylaxis in patients 

receiving chemotherapy for cancer. N Engl J Med 
2012;366(7):601-9.  

55. Hung FC, Yang CY, Wang C, Chang LC, Lai ZY, Wu CC. Dose-
dense chemotherapy improves the mechanisms of antitumor 
immune response. Cancer Res 2013;73(1):

56. Understanding radiation therapy: a guide for patients and 
families. American cancer society. Available from: http: 
//www. cancer. 
org/acs/groups/cid/documents/webcontent/003028. 
[Accessed May 18, 2014]. 

119-27.  

57. Murphy JO, Sacchini VS. New innovative techniques in 
radiotherapy for breast cancer. Minerva Chir 2013;68(2):139-54. 

58. Baskar R, Lee KA, Yeo R, Yeoh KW. Cancer and radiation 
therapy: current advances and future directions. Int J Med Sci 
2012;9:193-9.  

59. Radiation therapy for cancer. National cancer institute fact 
sheet. Available from: http: //www. cancer. 
gov/cancertopics/factsheet/therapy/radiation. [Accessed June 
05, 2014]. 

60. Nutting C, Webb F, Dearnaley PD. Intensity modulated radiation 
therapy: a clinical review. Brit J Radiol 2000;73:459-69.  

61. Bonnett ED. Current developments in proton therapy: a review. 
Phys Med Biol 1993;38(10):1371-92.  

62. Kayser-Hill EC, Both S, Tochner Z. Proton therapy: ever shifting 
sands and the opportunities and obligations within. Front 
Oncol 2011;1(24):1-9.  

63. Proton therapy for cancer: a new technology brief. NCI cancer 
Bulletin. Available from: http: //www. cancer. gov/ 
aboutnci/ncicancerbulletin/archive/2009/090809/page8. 
[Accessed June 25, 2014].  

64. Olsen RD, Bruland SO, Frykholm G, Norderhaug NI. Proton 
therapy–A systematic review of clinical effectiveness. 
Radiother Oncol 2007;83(2):123-32.  

65. Glazer SE, Curley AS. The ongoing history of thermal therapy 
for cancer. Surg Oncol Clin N Am 2011;20:229–35. 

66. Van der Zee J. Heating the patient: a promising approach? Ann 
Oncol 2002;13:1173–84. 

67. Hildebrandt B,  Wust P, Ahlers O, Dieing A, Sreenivasa G, Kerner 
T, et al. The cellular and molecular basis of hyperthermia. 

68. Wust

Crit 
Rev Oncol/Hematol 2002;43:33–56. 

 P, Hildebrandt B, Sreenivasa G, Rau B, Gellermann J, Riess 
H, et al. Hyperthermia in combined treatment of cancer. Lancet 
Oncol 2002;3:487–97. 

69. Soares PI, Ferreira IM, Igreja RA, Novo CM, Borges JP. Application 
of hyperthermia for cancer treatment: recent patent review. 
Recent Pat Anticancer Drug Discov 2012;7:64-73.  

70. Chang E, Alexander HR, Libutti SK, Hurst R, Zhai S, Figg WD, et 
al. Laparoscopic continuous hyperthermic peritoneal 
perfusion. 

71. Hyperthermia in cancer treatment. National cancer institute. 
Available from: http: //www. cancer. 
gov/cancertopics/factsheet/Therapy/hyperthermia. 
[Accessed: July12, 2014].  

J Am College of Surgeons 2001;193(2):225–9.  

72. Triesscheijn M, Baas P, Schellens JH, Stewart FA. 

73. Aniello DR, Daniele N, Aldo DL. Advances in photodynamic 
therapy of cancer. Curr Cancer Ther Rev 2011;7:234-47. 

Photodynamic 
therapy in oncology. Oncologist 2006;11(9):1034-44.  

74. Dolmans DE, Fukumura D, Jain RK. Photodynamic therapy for 
cancer. Nat Rev Cancer 2003;3(5):380–7. 

75. Juarranz A, Jaen P, Rodríguez FS, Cuevas J, Gonzalez S. 
Photodynamic therapy of cancer. Basic principles and 
applications. Clin Transl Oncol 2008;10:148-54. 

76. Simone CB, Friedberg JS, Glatstein E, Stevenson JP, Sterman DH, 
Hahn SM, et al. Photodynamic therapy for the treatment of non-
small cell lung cancer. J Thorac Dis 2012;4:

77. Gudgin DF, Goyan RL, Pottier RH. New directions in 
photodynamic therapy. Cell Mol Biol 2002;48(8):939–54. 

63–75. 

78. Bechet D, Couleaud P, Frochot C, Viriot ML, Guillemin F, Barberi-
Heyob M. Nanoparticles as vehicles for delivery of photodynamic 
therapy agents. Trends Biotechnol 2008;26(11):612-21.  

79. Kato H. Photodynamic therapy for lung cancer-A review of 19 
years' experience. J Photoch Photobio B 1998;42(2):96-9. 

80. Lasers in cancer treatment. National cancer institute fact sheet. 
Available from: http: //www. cancer. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Hassan%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=20878101�
http://www.ncbi.nlm.nih.gov/pubmed?term=Ansari%20J%5BAuthor%5D&cauthor=true&cauthor_uid=20878101�
http://www.ncbi.nlm.nih.gov/pubmed?term=Spooner%20D%5BAuthor%5D&cauthor=true&cauthor_uid=20878101�
http://www.ncbi.nlm.nih.gov/pubmed?term=Hussain%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=20878101�
http://www.ncbi.nlm.nih.gov/pubmed/20878101�
http://www.ncbi.nlm.nih.gov/pubmed?term=Agnelli%20G%5BAuthor%5D&cauthor=true&cauthor_uid=22335737�
http://www.ncbi.nlm.nih.gov/pubmed?term=George%20DJ%5BAuthor%5D&cauthor=true&cauthor_uid=22335737�
http://www.ncbi.nlm.nih.gov/pubmed?term=Kakkar%20AK%5BAuthor%5D&cauthor=true&cauthor_uid=22335737�
http://www.ncbi.nlm.nih.gov/pubmed?term=Fisher%20W%5BAuthor%5D&cauthor=true&cauthor_uid=22335737�
http://www.ncbi.nlm.nih.gov/pubmed?term=Lassen%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=22335737�
http://www.ncbi.nlm.nih.gov/pubmed?term=Mismetti%20P%5BAuthor%5D&cauthor=true&cauthor_uid=22335737�
http://www.ncbi.nlm.nih.gov/pubmed/22335737?dopt=Abstract�
http://www.ncbi.nlm.nih.gov/pubmed?term=Sacchini%20VS%5BAuthor%5D&cauthor=true&cauthor_uid=23612227�
http://www.sciencedirect.com/science/article/pii/S1040842801001792�
http://www.sciencedirect.com/science/article/pii/S1040842801001792�
http://www.sciencedirect.com/science/article/pii/S1040842801001792�
http://www.sciencedirect.com/science/article/pii/S1040842801001792�
http://www.sciencedirect.com/science/article/pii/S1040842801001792�
http://www.sciencedirect.com/science/article/pii/S1040842801001792�
http://www.sciencedirect.com/science/article/pii/S1040842801001792�
http://www.sciencedirect.com/science/article/pii/S1040842801001792�
http://www.sciencedirect.com/science/article/pii/S1040842801001792�
http://www.sciencedirect.com/science/article/pii/S1040842801001792�
http://www.sciencedirect.com/science/article/pii/S1040842801001792�
http://www.sciencedirect.com/science/article/pii/S1040842801001792�
http://www.sciencedirect.com/science/article/pii/S1040842801001792�
http://www.sciencedirect.com/science/article/pii/S1040842801001792�
http://www.thelancet.com/search/results?fieldName=Authors&searchTerm=P+Wust�
http://www.thelancet.com/search/results?fieldName=Authors&searchTerm=B+Hildebrandt�
http://www.thelancet.com/search/results?fieldName=Authors&searchTerm=G+Sreenivasa�
http://www.thelancet.com/search/results?fieldName=Authors&searchTerm=B+Rau�
http://www.thelancet.com/search/results?fieldName=Authors&searchTerm=J+Gellermann�
http://www.thelancet.com/search/results?fieldName=Authors&searchTerm=H+Riess�
http://www.ncbi.nlm.nih.gov/pubmed?term=Bechet%20D%5BAuthor%5D&cauthor=true&cauthor_uid=18804298�
http://www.ncbi.nlm.nih.gov/pubmed?term=Couleaud%20P%5BAuthor%5D&cauthor=true&cauthor_uid=18804298�
http://www.ncbi.nlm.nih.gov/pubmed?term=Frochot%20C%5BAuthor%5D&cauthor=true&cauthor_uid=18804298�
http://www.ncbi.nlm.nih.gov/pubmed?term=Viriot%20ML%5BAuthor%5D&cauthor=true&cauthor_uid=18804298�
http://www.ncbi.nlm.nih.gov/pubmed?term=Guillemin%20F%5BAuthor%5D&cauthor=true&cauthor_uid=18804298�
http://www.ncbi.nlm.nih.gov/pubmed?term=Barberi-Heyob%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18804298�
http://www.ncbi.nlm.nih.gov/pubmed?term=Barberi-Heyob%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18804298�


Dureja et al. 
Int J Pharm Pharm Sci, Vol 7, Issue 4, 1-9 

9 

gov/cancertopics/factsheet/Therapy/lasers. [Accessed July 07, 
2014]. 

81. Lasers in cancer treatment. American cancer society. Available 
from: http: //www. cancer. org/treatment/treatments and side 
effects/treatment types/lasers-in-cancer treatment. [Accessed 
July 07, 2014].  

82. Chen SL, Iddings DM, Scheri RP, Bilchik AJ. Lymphatic mapping 
and sentinel node analysis: current concepts and applications. 
Ca-Cancer J Clin 2006;56:292–309. 

83. Veronesi U, Paganelli G, Luini A, Zurrida S, Galimberti V, Intra 
M, et al. Sentinel-lymph-node biopsy as a staging procedure in 
breast cancer: update of a randomised controlled study. Lancet 
Oncol 2006;7:983–90. 

84. Gentilini O, Cremonesi M, Trifiro G, Ferrari M, Baio SM, 
Caracciolo M, et al. Safety of sentinel node biopsy in pregnant 
patients. with breast cancer. Ann Oncol 2004;15:1348–51. 

85. Costello TJ, Donnelly WJ. Cryotherapy and join position sense in 
healthy participants: a systematic review. J Athl Training 
2010;45(3):306-16.  

86. Kerschan-Schindl K, Uher EM, Zauner-Dungl A, Fialka-Moser V, 

87. Lam

Martinez AD. Cold and cryotherapy. A review of the literature 
on general principles and practical application. Acta Med 
Austriaca 1998;25(3):73-8.  

 JS, Belldegrun AS. Salvage cryosurgery of the prostate after 
radiation failure. Rev Urol 2004;6

88. Finley DS, Belldegrun AS. Salvage cryotherapy for radiation-
recurrent prostate cancer: outcomes and complications. 

:S27–S36. 

Curr 
Urol Rep 2011;12(3):209–15

89. Seifert JK, Junginger T. Cryotherapy for liver tumors: current 
status, perspectives, clinical results, and review of literature. 
Technol Cancer Res Treat 2004;3(2):151-63.  

. 

90. 

91. Blakely EA, Chang PY. Biology of charged particles. Cancer J 
2009;15:271–84. 

Yiu WK, Basco MT, Aruny JE, Cheng SWK, Sumpio BE. 
Cryosurgery: a review. Int J Angiol 2007;16:1–6. 

92. Kanai T, Furusawa Y, Fukutsu K, Itsukaichi H, Eguchi-Kasai K, 
Ohara H. et al. 

93. Tsujii H, Mizoe J, Kamada T, Baba M, Tsuji H, Kato H. et al. 
Clinical results of carbon ion radiotherapy at NIRS. J Radiat Res 
2007;48:A1–A13. 

Irradiation of mixed beam and design of spread-
out Bragg peak for heavy-ion radiotherapy. Radiat Res 
1997;147:78–85. 

94. Hada M, Georgakilas AG. Formation of clustered DNA damage 
after high-LET irradiation: a review. J Radiat Res 2008;49:203–
10. 

95. Tsuruoka C, Suzuki M, Hande MP, Furusawa Y, Anzai K, 
Okayasu R, et al. 

96. Oishi T, Sasaki A, Hamada N, Ishiuchi S, Funayama T, Sakashita 
T, et al. Proliferation and cell death of human glioblastoma cells 
after carbon-ion beam exposure: morphologic and 
morphometric analyses. Neuropathol 2008;28:408–16. 

The difference in LET and ion species 
dependence for induction of initially measured and non-
rejoined chromatin breaks in normal human fibroblasts. Radiat 
Res 2008;170:163–71. 

97. Jinno-Oue A, Shimizu N, Hamada N, Wada S, Tanaka A, 
Shinagawa M, et al. Irradiation with carbon ion beams induces 
apoptosis, autophagy, and cellular senescence in a human 
glioma-derived cell line. Int J Radiat Onocol Biol Phys 
2010;76:229–41. 

98. Kawamura H, Tatei K, Nonaka T, Obinata H, Hattori T, Ogawa A, 
et al. Ceramide induces myogenic differentiation and apoptosis 
in Drosophila Schneider cells. J Radiat Res 2009;50:161–9. 

99. Hamada N, Hara T, Funayama T, Sakashita T, Kobayashi Y. 
Energetic heavy ions accelerate differentiation in the 
descendants of irradiated normal human diploid fibroblasts. 
Mutat Res 2008;637:190–6. 

100. Wang J, Wang JF, Li R, Guo C, Fournier C, Weyrather WK. The 
influence of fractionation on cell survival and premature 

differentiation after carbon ion irradiation. J Radiat Res 
2008;49:391–8. 

101. Ogata T, Teshima T, Kagawa K, Hishikawa Y, Takahashi Y, 
Kawaguichi A, et al. Particle irradiation suppresses metastatic 
potential of cancer cells. Cancer Res 2005;65:113–20. 

102. Mori E, Mori E, Takahashi A, Yamakawa N, Kirita T, Ohnishi T. 
High LET heavy ion radiation induces p53-independent 
apoptosis. J Radiat Res 2009;50:37–42. 

103. Hamada N, Hara T, Omura-Minamisawa M, Funayama T, 
Sakashita T, Sora S, et al. Energetic heavy ions overcome tumor 
radioresistance caused by overexpression of Bcl-2. Radiother 
Oncol 2008;89:231–6. 

104. Kitabayashi H, Shimada H, Yamada S, Yasuda S, Kamata T, Ando 
K, et al. Synergistic growth suppression induced in esophageal 
squamous cell carcinoma cells by combined treatment with 
docetaxel and heavy carbon-ion beam irradiation. Oncol Rep 
2006;15:913–8. 

105. Oohira G, Yamada S, Ochiai T, Matsubara H, Okazumi S, Ando K. 
Growth suppression of esophageal squamous cell carcinoma 
induced by heavy carbon-ion beams combined with a p53 gene 
transfer. Int J Oncol 2004;25:563–9. 

106. Imadome K, Iwakawa M, Nojiri K, Tamaki T, Sakai M, 
Nakawatari M. Upregulation of stress-response genes with cell 
cycle arrest induced by carbon ion irradiation in multiple 
murine tumor models. Cancer Biol Ther 2008;7:208–17. 

107. Tamaki T, Iwakawa M, Ohno T, Imadome K, Nakawatari M, 
Sakai M, et al. Application of carbon-ion beams or γ-rays on 
primary tumors does not change the expression profiles of 
metastatic tumors in an in vivo murine model. Int J Radiat 
Oncol Biol Phys 2009;74:210–8. 

108. Patil PM, Chaudhary PD, Sahu M, Duragkar NJ. Review article 
on gene therapy. Int J Gene 2012;4(1):74-9. 

109. Yapeng H, Liwu F. Targeting cancer stem cells: a new therapy to 
cure cancer patients. Am J Cancer Res 2012;2(3):340-56.  

110. Humadi AH, Zarros A, Liapi C, Saigh AR. Genetic basis and gene 
therapy trials for thyroid cancer. Cancer Genome Proteo 
2010;7:31-50. 

111. Alenzi F, Lotfy QM, Tamimi WG, Wyse RKH. Review: stem cells 
and gene therapy. Lab Hematol 2010;16:53-73. 

112. Park J, Singha K, Son S, Kim J, Namgung R, Yun CO, et al. A 
review of RGD-functionalized nonviral gene delivery vectors 
for cancer therapy. Cancer Gene Therapy 2012;19:741-8. 

113. Raty JK, Pikkarainen JT, Wirth T, Yla-Herttuala S. Gene therapy: 
the first approved gene-based medicines, molecular 
mechanisms and clinical indications. Curr Mol Pharmacol 
2008;1:13–23. 

114. Han DM, Huang ZG, Zhang W, Yu ZK, Wang Q, Ni X, et al. 
Effectiveness of recombinant adenovirus p53 injection on 
laryngeal cancer: Phase I clinical trial and follow up. Zhonghua 
YiXue ZaZhi 2003;83:2029–32.  

115. Peng Z. Current status of gendicine in China: Recombinant 
human Ad-p53 agent for treatment of cancers. Hum Gene Ther 
2005;16:1016–27. 

116. Bischoff JR, Kirn DH, Williams A, Heise C, Horn S, Muna M, et al. 
An adenovirus mutant that replicates selectively in p53-
deficient human tumor cells. Sci 1996;274:373–6. 

117. Hu JC, Coffin RS, Davis CJ, Graham NJ, Groves N, Guest PJ. et al. A 
phase I study of OncoVEXGM-CSF, a second-generation 
oncolytic herpes simplex virus expressing granulocyte 
macrophage colony-stimulating factor. Clin Cancer Res 
2006;12:6737–47. 

118. Harrington KJ, Hingorani M, Tanay MA, Hickey J, Bhide SA, 
Clarke PM, et al. Phase I/II study of oncolytic HSV GM-CSF in 
combination with radiotherapy and cisplatin in untreated stage 
III/IV squamous cell cancer of the head and neck. Clin Cancer 
Res 2010;16:4005–15. 

119. Cross D, Burmester JK. Gene therapy for cancer treatment: past, 
present and future. Clin Med Res 2006;4:218-27. 

 

http://www.thelancet.com/search/results?fieldName=Authors&searchTerm=Umberto+Veronesi�
http://www.thelancet.com/search/results?fieldName=Authors&searchTerm=Giovanni+Paganelli�
http://www.thelancet.com/search/results?fieldName=Authors&searchTerm=Alberto+Luini�
http://www.thelancet.com/search/results?fieldName=Authors&searchTerm=Stefano+Zurrida�
http://www.thelancet.com/search/results?fieldName=Authors&searchTerm=Viviana+Galimberti�
http://www.thelancet.com/search/results?fieldName=Authors&searchTerm=Mattia+Intra�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lam%20JS%5Bauth%5D�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Belldegrun%20AS%5Bauth%5D�
http://www.thelancet.com/popup?fileName=cite-using-doi�

	Lymphoma: A detailed description. Available from: http: //www. lymphomation. org/about-details. htm. [Accessed April 10, 2014].

