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Abstract 
  

The biological picture of cancer is rapidly advancing from models 

built from phenomenological descriptions to network models derived 

from systems biology, which can capture the evolving  pathophysiology 

of the disease at the molecular level. The translation of this (still 

academic) picture into a clinically relevant framework can be enabling for 

the war on cancer. Nanotechnology can play a pivotal role, providing the 

technological power and tools that will enable those developing new 

diagnostics, therapeutics, and preventives to keep pace with today’s 

explosion in knowledge. There are many interesting nanodevices being 

developed that have a potential to improve cancer detection, diagnosis, 

and treatment. Hematological malignancies represent a specific class of 

cancer that attracted special attention in the field of nanodiagnsis and 

treatment.  
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Introduction 

Nanotechnology is the creation of useful materials, devices, and 

systems through the manipulation of matter on a miniscule scale. A 

nanometer is a billionth of a meter. Nanotechnology is being applied to 

almost every field imaginable, including electronics, magnetics, optics, 

information technology, materials development, and biomedicine (U.S 

National Cancer Institute, 2011). 

 

Nanobiotechnology refers to materials and processes at the 

nanometer scale that are based on biological or biologically inspired 

molecules and nanotechnological devices used to monitor or control 

biological processes (Ramseden, 2005). 

 

Cancer is the third leading cause of death (after heart disease and 

stroke) in developed countries (Cai et al., 2008). During dealing with 

cancer, three major problems are encountered; the first problem is related 

to diagnosis: detection of cancer at early stages is a critical step in 

improving cancer treatment. Currently; conventional detection of cancer 

is done by observing the physical growth changes in the organ by X-rays 

and/or CT scans and is confirmed by biopsy. However, the limitation of 

these methods is that they are not very sensitive and the detection is 

possible only after substantial growth of the cancerous cells (Singh and 

Nehru, 2008). 

 

 The second problem is related to therapy: conventional treatment 

options of cancer are surgery, radiation therapy and chemotherapy. 

However, all these methods have their own limitations (in surgery one 

loses the organ and cancer may appear again, in radiation therapy even 

the healthy cells get burnt, cancerous cells burning is not uniform and the 
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burnt part may become dead and non functional, in chemotherapy 

treatment is harmful to healthy cells, approach is gross and rarely 

successful if the cancer is in advanced stage (Singh and Nehru, 2008). 

The third problem is related to the follow up and detection of response 

after treatment. 

 

Nanotechnology can find new solutions to all these problems, novel 

nanodevices are capable of one or more clinically important functions, 

including detecting cancer at its earliest stages, pinpointing its location 

within the body, delivering anticancer drugs specifically to malignant 

cells, and determining if these drugs are killing malignant cells (U.S. 

department of health and human services, NIH, NCI, 2004).  

Hematological malignancies are the types of cancer that affect 

blood, bone marrow and lymph nodes. Historically; hematological 

malignancies have been most commonly divided by whether the 

malignancy is mainly located in the blood (leukemia) or in lymph nodes 

(lymphomas). 

 

Conventional laboratory diagnostic methods for leukemia and 

lymphoma apply combinations of bone marrow and peripheral blood 

morphological and cytochemical analyses including karyotyping, 

immunophenotyping by flow cytometry or microarray and amplification 

of malignant cell mutations by PCR, as well as lymph node biopsy 

especially in lymphoma (Arber and Cousar, 2009). 

 

However, all these methods have some limitations; PCR-based 

methods have proven to be highly sensitive diagnostic techniques for 

cellular recognition, but they are indirectly detecting cells by monitoring 
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RNA expression and require prolonged RNA isolation steps before 

analysis. In addition, the variable sensitivity of PCR can limit its 

effectiveness as a diagnostic technique and can lead to false-negative 

results, particularly with occult tumor cells where low-level signals are 

expected. Immunophenotypic analyses are also time-consuming and 

costly, and therefore, there is still a need to develop new technologies for 

rapid, economical cell recognition (Herr et al., 2006). 

 

Nanotechnology, either alone or in combination with traditional 

diagnostic methods, tries to provide new sensitive, specific, reproducible 

and cheap methods for diagnosis of hematological malignancies.  

 

Regarding treatment, nanotechnology offers the best promise 

among the various approaches for targeted delivery of drugs and genes to 

the tumor site and alleviation of the side effects of chemotherapeutic 

agents (Robertson and Ferrari, 2007). 

 

Finally, current technologies used to examine bone marrow 

samples may fail to detect the presence of leukemia cells below 1% to 5% 

of total leukocytes after treatment, i.e., minimal residual disease. As a 

result, opportunities to intensify therapy may be overlooked, leading to 

relapsed disease, in these cases, the ability to reliably detect residual 

leukemia cells, when present below 5%, to monitor the efficacy of 

therapy is critical for improving care (Jaetao et al., 2009). 

 

Nanotechnology can also improve sensitivity for detection of 

minimal residual disease compared with the current standard of care. 

 

 


