
International Journal of Innovative Research in Electronics and Communications (IJIREC) 

Volume 3, Issue 4, 2016, PP 1-16 

ISSN 2349-4042 (Print) & ISSN 2349-4050 (Online) 

DOI: http://dx.doi.org/10.20431/2349-4050.0304001 

www.arcjournals.org  

 

©ARC                                                                                                                                                             Page 1 

Biomarkers: A Comprehensive Review and Its Role in Cancer 

Treatment 

Shashikant Patil 

Member IEEE, Mumbai, India 

Chinmaya Vyas 

SVKM‘s NMIMS, Mumbai, India 

Bhumija Singh 

SVKM‘s NMIMS, Mumbai, India 

Abstract: The paper gives an overview regarding biomarkers their rudimentary characteristics and the 

abridgment between biomarkers and cancer treatment. The different type of biomarkers and their utility in 

different environments and conditions gives us cutting edge in terms of cancer treatment. Biomarkers have 

indeed brought a revolution in the field of medical diagnosis. They have proven to be harbingers of change in 

the clinical industry. They have a dual functionality and may be used alone or in combination to monitor the 

health or disease state of an individual. Various clinical assessment techniques have been carried out using 

biomarkers. The paper gives brief review about biomarkers and also studies various developments that have 

been done in the recent years. 

 
1. INTRODUCTION 

A Biomarker is a diagnostic that is objectively measured and evaluated as an indicator of normal 

biological or pathogenic processes and responses to a therapeutic intervention with high accuracy. 

Biomarkers are the characteristic measures used to perform a clinical assessment and other objectives 

of person‘s health status, stratify patients and help streamline therapeutic intervention. 

Biomarkers are key cellular events that link a specific environmental exposure to a change in the state 

of proteins which in turn correlates with the progression of the disease. Biomarkers play an important 

role in comprehending the relationships between exposure of an individual to environmental 

chemicals, the development of chronic human diseases, and the homogeneous classification of 

subgroups for the disease. Much research and progress has been made in identifying and 

corroborating new biomarkers that can be used in humankind studies of environmental disease. 

Steven A. Soper mentions that the utility of any bio sensing platform is intimately dependent on the 

infallibility of biomarker(s) for achieving diagnoses with high accuracy [1]. The outbreak in 

molecular biology and associated technologies has led to a deeper understanding of human cancer and 

malignancy and potential biomarkers that can be used for diagnosis. Despite these advances, progress 

in implementing useful diagnostics in the field of cancer has been slow. For example, the number of 

markers that has been recommended under the guidelines of American Society of Clinical Oncology 

for regular clinical use in colorectal and breast canceris significantly short. A comprehensive 

understanding of these conservative guidelines sheds insight into pragmatic issues and complications 

for development of cancer diagnostic platforms. Notably, biomarkers must not only mark the presence 

of a tumor or cancer, but should also determine the stage of tumorigenesis. A novel biomarker might 

have one or more utilities, each requiring a discrete set of investigations. These utilities include risk 

assessment, prognosis of early or metastatic disease and screening before diagnosis. During diagnosis 

it incorporates prediction of benefit from specific therapies, prediction of toxicity related to the 

therapy and monitoring of clinical course in patients with established metastatic disease. One of the 

biggest issues in marker implementation is reproducibility of the assay or among different assays, for 

a given cancer-related change. Intermittently, from one study to the next, there are many assay 

formats for a particular marker. Within the same format there could be different reagents. For the 

same reagents there might be different analytical criteria and cut-offs for positive versus negative, 
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mentions that Biomarkers (short for biological markers) are biological measures of a biological state. 

A biomarker must have high specificity, sensitivity, accuracy and robustness to become a clinically 

approved test. Recent developments in genomics, proteomics, microassay technologies and 

informatics assure rapid identification of polymorphic variants or alterations in genes expression 

influencing both response and susceptibility to carcinogens [60]. 

2. BIOMARKERS 

The advancement in the biomarkers has led to its application in every medical arena. Every biological 

system (like the cardiovascular system, metabolic system, nervous system, genetic disorder or the 

immune system) has its own explicit biomarkers. Many of these biomarkers are quite easy to measure 

and become part of regular medical examinations. 

For example, a general health check-up comprise of assessment of blood pressure, heart rate, 

cholesterol, triglycerides and fasting glucose levels. Body measurements such as weight, BMI, and 

waist-to-hip ratio are consistently used for evaluating conditions such as obesity and metabolic 

disorders. 

 

2.1. Biomarkers as Health and Disease Predictors 

Biomarkers are used to foretell serious illnesses such as diabetes and cardiovascular disease. Each 

diagnostic biomarker indicates whether there is a disease or a change in health state and can be 

combined to provide a detailed picture of how healthy a person is and the susceptibility of the disease. 

2.2. Biomarkers in cancer detection and drug development 

The principles of biomarkers have been applied to every stage of the disease starting from the 

detection, screening, and diagnosis till the treatment and monitoring of cancer. Conventionally, anti-

cancer drugs were agents that killed both cancer cells and healthy cells. However, more specific and 

targeted therapies have now been developed which are directed to kill cancer cells only, sparing 

healthy cells. The comprehensive assessment of a typical biomarker in cancer helps in the 

development of therapies that can make the biomarker drug specific. This minimizes the risk of 

toxicity and reduces the cost of treatment. In cancer research, genetic studies are important because 

genetic abnormalities so often determine the development of cancer. Certain DNA or RNA markers 

are helpful in the detection and treatment of specific cancers. 

2.3. Characteristics of an ‘ideal’ biomarker 

An important consideration in the use of Biomarker is the practicality of subsequent analysis, which is 

likely to be far more successful and robust if based on a physiological or biochemical essay that can 

be carried out with minimal training and perexitance amusement. Biomarkers must be robust 

biologically and technically to transfer across patient group and across international boundaries. A 

biomarker needs to be accessible and ideally could be non-invasive. The ideal biomarker for cancer 

must be capable of determining predispositions, early detestations, assessment of prognosis, and drug 

response. It would be more advantageous if the biomarkers serve a target for drug development. 

Desirable characteristics of molecular markers for cancer are shown in table below. No biomarker 

meets all these requirements but these should be kept in mind for selection of biomarkers to perform 

the diagnostic tests. There is an urgent need for cancer bio marks with more specific and sensitive 

diagnostic capability particularly for early stage cancer. 

2.4. Desirable characteristics of biomarkers in cancer 

 Specific 

 High myocardium/serum ratio 

 Not present in non-cardiac tissue, even pathologically 

 Differentiation of cardiac toxicity (acute versus chronic, necrosis, hypertrophy, rhythm) 



Biomarkers: A Comprehensive Review and Its Role in Cancer Treatment

 

International Journal of Innovative Research in Electronics and Communications (IJIREC)          Page 3 

 Sensitive 

 Zero baseline 

 Marker of ‗early,‘ reversible cardio toxicity 

 Immediate release with injury 

 Predictive 

 Long half-life in blood 

 Gives indication of reversibility 

 Release proportionate to extent of injury 

 Robust 

 Rapid, simple, accurate and inexpensive detection in all relevant species 

Table1. Comparative sensitivity and specificity data of various widely used biomarkers [58] 

 

2.5. Classification of Biomarkers 

One of the aims of personalising medicine is to use the growing advancements in the field of biology 

so that patients receive the appropriate drug for their disease, the right doseat the right time. Although 

the definitions of personalising vary, they all incorporate the use of different biomarkers driven by a 

decision-making process in which a diagnostic test is cardinal. Biomarkers include gene expression 

products, metabolites, polysaccharides, circulating tumor cells, peptides, proteins and other molecules 

such as circulating nucleic acids in plasma and serum. Ideal biomarkers used in early detection, 

diagnostics and prognostics, and for drug development and targeted therapies, mustbe highly specific 

and sensitive [5]. 

 Biomarkers can be categorised as  Pharmacodynamics, prognostic or predictiveon the basis of their 

decision making capability in early drug development[6]: 

1. Pharmacodynamics biomarkers: These biomarkers are molecular indicators which signal the 

outcome of the drug regimen and target interaction, including both therapeutic and inimical effects 

[7]. These biomarkers are especially used for dose optimization studies. These biomarkers are used 

in preclinical and phase I of clinical studies. 

2. Prognostic biomarkers: These biomarkers indicate the likely course or progression of a disease in 

an untreated individual.[8] These biomarkers provide reliable progression of a disease and its 

consequent outcome irrespective of the treatment [9, 10]. These biomarkers are used in phase II 

and III. Examples include PSA level at the time of diagnosis of prostate cancer, PIK3CA mutation 

status of tumor in women and many more. 

3. Predictive biomarkers: These are disease- related biomarkers. It predicts how an individual will 

respond to the specific proposed treatment [8, 9]. These markers are used in clinical phase II and 

III where the efficacy of the drugs to therapeutic intervention is monitored (also called as pre 

marketing trial) [10]. 

 Biomarkers can also be classified into two types on the basis of another parameter: Drug related 

and Disease related.  
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Drug related biomarker detects the effect of specific drug on an individual suffering with the disease 

and how the patient‘s body is going to process it, assessing the therapeutic and adverse effects of the 

drug. However, the disease related biomarkers predicts the response of a particular treatment to a 

patient (Predictive Biomarker) and also tell about the most likely course of the disease regardless of 

the treatment given to an individual (Prognostic Biomarker). 

3. CLINICAL BIOMARKERS 

The clinical biomarkers determine the characteristics of a biomarker so that it is at par with an ideal 

biomarker and hence can be validated to for it diagnostic use in the markets. The transfer of the 

discovery of the biomarker to its validation for clinical use is active but is an emerging field of 

endeavour. As there are various limitations and pitfalls in translation of biomarker discovery to it 

clinical utility, the clinical biomarkers have been classified into various categories. These are basically 

the parameters on which the biomarkers are tested and validated to be approved as the clinical 

biomarkers.  The figure [1] showed below gives us the brief overview of various parameters of a 

clinical biomarker. 

 

Fig1. Clinical biomarkers: categories/types [3] 

 Figure 1, shows the resourcefulness of the clinical biomarkers. It determines a set of patients who 

share same biological characteristics to identify the right treatment for the patient(by stratification 

markers), decides the most effective and appropriate dose for the patient (by efficacy markers), 

determines the most specific therapy among the wide range of therapy availability for the patient 

which has negligible side effect (differentiation),  determine the underlying vulnerability of a 

patient for a particular side effect or group of side effects due to the drug or the therapy (by 

toxicity markers), useful for early detection of the disease by assessing the symptoms(Screening 

markers) or assess the course and effectiveness end point of a therapy (by surrogate endpoint 

markers). 

 Biomarkers as surrogate end points: These markers substitute the clinical biomarkers and correlate 

the effect of a specific treatment to the clinical outcome (like how a patient feels, responds to the 

drugs, functions, or how many patients survive) [9, 11, and 12]. 

The Biomarkers and Surrogate End Point Working Group [13] has classified the biomarkers on the 

basis of genetic and molecular biology [14]: 

1. Type 0-Natural history: These are measures of natural history of a disease that correlates with 

known clinical outcomes. 

2. Type I – Drug activity: It tracks the effects of therapeutic intervention associated with drug 

mechanism of action. 

3. Type II- Surrogate endpoints: It consists of surrogate end points that is used as a complement of 

clinical biomarkers and predicts clinical benefit based on Patho physiological or other scientific 

evidence. 

4. COMPANION DIAGNOSTICS 

 Measurement of different markers (RNA, DNA, peptides and/or proteins) needs different 

qualification and validation strategies. Pharmaceutical companies are progressively looking for the 
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development of a drug and diagnostic test simultaneously. The process where personalized 

medicine and drug-diagnostic go hand in hand is referred as companion diagnostic (CDx). The 

companion diagnostic is a diagnostic test which provides information about the applicability and 

efficacy of the specific drugor biological product, to better determine the appropriate patient 

population for treatment [3].Much emphasis is given on CDx asthey have proved to be an 

important tools in drug development due to the following results: 

1. Cost reduction through stratification of patient population. 

2. Higher chances of approval 

3. Reduce time for analysis 

4. Significantly increased market uptake and hence, added value for core business 

 The journey of companion diagnostic started with the introduction of the drug —Herceptin 

(Trastuzumab; Roche/Genentech, 1998) for the detection of early stages of breast cancer and has 

now been in the market for more than a decade. Regulatory hurdles have been mentioned as one of 

the main reasons for the passive growth in this area. The discrepancies between the regulatory 

process in the European Union (EU) and USA and the convolution of the regulatory processes in 

both regions creates huge problems for companies. These difficulties affect the documentation and 

are more time consuming. However, the number of drugs marketed alongside CDx remains small 

(see Table 2). 

Table2. Overview of already approved CDX on the markets [3, 5] 

Biomarker Drug Year of approval Indication 

HER-2/neu        Herceptin 1998 Breast cancer 

CD33 Mylotarg 2000 Acute Myeloid Leukamia 

Estrogen Receptor Faslodex 2002 Breast cancer 

CD20 Bexxar 2003 Lymphoma 

EFGR Erbitux 2004 Colorectal Cancer 

BCR-ABL Translocation Dasatinib 2005 CML 

KRAS Mutation Cetuximab 2006 Colorectal cancer 

HER2 Amplification Trastuzumab 2008 Breast Cancer 

ALK Fusion Crizotinib 2011 NSCLC 

c- kit protein/ CD 117 antigen 

expression 

Imatinib Mesylate 2012 GIST 

EFGR Mutation Tramatenib 2013 Melanoma 

BRCA1/2 gene defect Olaparib 2013 Ovarian Cancer 

 These CDx have proved to be valuable and due to its remarkable results in the clinical assessments 

of tumor identification at the early stages, the demand for CDx has been increased greatly. 

 The transition from discovery of biomarker to its validation is a complex procedure. Three aspects 

of measurements are taken into consideration during validation [59].1. Analytical or content 

validation, which ensures the consistency of the test in and showcase the degree to which the 

biomarker respond to the biological phenomenon. 2. Construct validity, which identifies the other 

relevant characteristics of the disease. 3. Criterion validity, which concerns with the sensitivity and 

specificity of the biomarker to a disease. 

Table3. Strategic considerations and implications of personalised medicine [3] 

Pharmaceutical companies Generate new revenue system 

Increased targeted therapies 

Reduced clinical trials 

Advancement in current clinical trials design 

Diagnostic companies Need to establish relationships with pharmaceutical companies 

for cost effective and less time consuming process 

Payers/ Health ensurers Agree on reimbursements 

Could alleviate the escalating healthcare costs 

Regulatory authorities Reliable statistical relevance of clinical trials 
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5. VALIDATION OF BIOMARKERS 

The transition of biomarkers from its discovery to the clinically tested diagnostic is a complicated and 

a rigorous procedure. The biomarker or we can say assays are processed through various parameters 

to authenticate itself for clinical use and determine the risk factors of the disease with extreme 

precision, specificity and sensitivity. The process can be broadly categorised into two groups: 

1. Laboratory Validation: It is the characterization of a genetic marker. It evaluates the crucial 

characteristics: dose response, variability, reliability, sensitivity to a given procedure. This 

procedure has three main sources of error: a. Error in laboratory equipment‘s, b. Error due to 

biological change in an individual, c. Error due to alterations in biological products from time to 

time in a person [61, 75]. 

2. Population Validation: It is the validation of the biomarker for its usage on large no. of patients to 

evaluate the risk factors, determine the optimal handling and comprehending interpersonal 

variability. The crucial part of population validation is that the exposure assessment must be 

considered equally as the marker characteristics [61]. 

6. BENEFITS OF BIOSENSOR THERAPY 

 Improved cardiovascular performance 

 Stronger heart beats 

 Stronger Adrenal Glands 

Advantages over other measurement scheme 

 They can measure non polar molecules that do not respond to most measurement devices. 

 Disease mechanism are studied thoroughly before implementation 

 They allow rapid continuous control. 

 Highly specific and sensitive. 

Disadvantages 

 Heat sterilization is not possible as this would debase the biological part of biosensor. 

 The membrane separating the reactor media from the immobilized sensor cell can become fouled 

by deposits. 

 The cell in the biomarkers can become intoxicated by the other molecules that are capable of 

diffusing the other membranes. 

 Changes in the reactor Ph can put chemical and mechanical stress on the biosensor that eventually 

impair it. 

7. BENEFITS OF BIOMARKERS 

The potential benefits of the biomarker stretch across the drugs life-cycle from helping to accelerate 

pre-clinical and clinical drugs development to assisting in post approval safety surveillance. For these 

reasons clinicians, regulators and insurers increasingly embraces biomarkers as it enables safer, more 

effective and less costly therapy. 

8. DISCUSSIONS AND RESULTS 

8.1. Cancer Detection and Diagnostics 

8.1.1. Cancer Classification 

Cancers are illustrated by their pathological grade and clinical stage. Cancer develops steadily from 

changes in cells‘ genetics structure. Cancer is classified on the basis of site of origin of the malignant 

cell, cell structure analysis (grading) and expansion of the disease; the clinical stage of tumors from 

small localized cancers to metastatic cancer (staging). Integrated model of cancer classification is 
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used for cancer identification and treatment [62].This model considers each attributes of the cancer 

and hence enhance the ability of the biomarker to target the components of the cancer distinctly for 

maximum therapeutic effect. The cancer stem cell model explains origin of cancer malignant cells, its 

initiation, progression and metastasis [63,64,65]. These stem cells have their distinct 

microenvironments to allow their specific functions. Advanced high through-put molecular analysis 

technologies, have simplified the molecular explanation of tumors. This molecular information is 

incorporate into the conventional classification system to improve cancer classification and has 

proved to be of potential use to biomarkers. As the cancer cells are blessed with capability for 

uninhibited propagation, invasion and metastasis, the integration model is the best way to classify the 

cancers effectively. 

8.1.2. Cancer Detection and Diagnostics 

Earlier cancer detection and accurate diagnosis is beneficial and important to improve the treatment 

chances and its outcome for cancer patients. Presently, the most valuable cancer diagnostic and 

prognostic indicators are morphological and histological traits of tumors or single biomarkers [2], 

such as prostate specific antigen (PSA). However, use of molecular tools is being augmented, both 

genomic and proteomic, to study molecular alterations in tumors and generatesmolecular signatures 

which sheds valuable insight in detection of the disease. Since tumor advancement includes many 

biological changes, these molecular signatures can be very complex. Correlating the molecular 

signatures with clinical parameters aids to provide stratified information that can be used by 

physicians to make decisions such as selection of effective cancer treatment. The major challenge to 

the research and development community is to evaluate these complex molecular signatures in the 

clinical setting. 

8.2. Cancer Biomarkers 

 

Cancer biomarkers are molecular alterations that can be detected in the tumor or in the blood, urine, or 

other fluids present in the body of cancer patients. These biomarkers or molecular signatures can be 

produced either by the tumor itself or by the body in response to the presence of cancer. These 

molecular signatures are assayed in collected bio-fluids like blood or serum non-invasively. Genetic, 

Glycomic, proteomic, DNA, RNA or protein modifications or other biological molecules are used for 

cancer diagnosis and prognosis. Cancer biomarkers can be used in several ways (NCI, 2005): 

Risk, screening and detection markers: These markers are used for early detection of cancer 

symptoms in the patients. They are used to screen asymptomatic individuals who are at risk of cancer 

such as testing for mutations in BRCA1.  

Diagnostic markers: These markers are used for identification, characterization and monitoring 

progression of cancer. These markers can be used at any stage of the cancer development [66]. They 

are also used to diagnose diseased individuals among those presenting with equivocal symptoms, or to 

differentiate among subclasses of disease. Some of the important biomarkers include PSA for 

detection of recurrence of prostate cancer, CA-125 monitoring for recurrence of ovarian cancer or 

HPV for uterine and cervical cancer. 
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Prognostic markers: These markers indicate the possible outcomes of the malignant tumors in the 

untreated individual (tumorrecurrence, patient survival) which helps the clinicians to determine the 

most appropriate therapy .These markers are useful for the prediction of relapse of oral cancer. For 

example, in many solid tumors the spread of cancer cells to lymph nodes indicates an increase 

probability of tumor recurrence. 

Predictive markers: These markersindicate the effectiveness of response of a drug to a specific 

therapy in the patient. These markers aid the doctors to select appropriate chemotherapeutic agents for 

the patient to achieve minimal side effects. For example, breast cancers that intends the estrogens 

receptor tend to respond to hormonal therapies such as tamoxifen [4], Gleevec targets certain subsets 

of Leukamia which has Philadephia chromosome[67]. 

The key elements in the evaluation of biomarkers are the analytical sensitivity and specificity of the 

assay to detect biomarkers in the context of the intended clinical use. Although many studies have 

looked for definitive coalition between clinical endpoints and cancer biomarkers, there is still a 

shortage of clinically meaningful markers that can benefit oncologists make patient management 

decisions. There are many possible explanations for the lack of markers which includes variable 

patient populations, tumor characteristics, treatments, and assay methods in the studies to identify, 

characterize and validate potential cancer biomarkers [15]. The National Cancer Institute (NCI) is 

placing significant emphasis on research to corroborate and validate biomarkers for clinical 

application. 

8.2.1. Dna Biomarkers 

The DNA biomarkers have proved to be a significant discovery in the domain of cancer. The sources 

of DNA are from tissue, sputum, saliva, serum, cerebrospinal fluid, bronchial tear and tumor cells. 

The best part of DNA markers is that they are found circulating in the blood, bone marrow, and nipple 

aspirate [68, 69, 70]. Besides nuclear aberrations, biological changes in mitochondrial DNA (mtDNA) 

molecules are recommended strongly as biomarkers for numerous cancers [68, 71, 72]. Apart from its 

potential of detection and prognostic method, it is also useful for monitoring tumors progression and 

drug effectiveness on the patient. These markers are used at every stage of cancer to predict and 

monitor the drug effectiveness and tumor progression. Single nucleotide polymorphisms (SNP) in 

most of the genes are major DNA markers. ATM, XRCC1, p53 (head, lung and neck cancers); 

CYP1A1, RAD1, BRCA1 and BRCA2 (breast cancer); and PGS2 (lung cancer) are some other DNA 

markers indicating different cancers. DNA markers involves loss of heterozygosity, chromosomal 

eccentricity at a gross cytogenetic level, such as translocation/fusion (BCR-ABL, PML-RARA 

translocation in leukaemias), epigenetic modifications and micro-satellite instability (MSI) [69, 66, 

70, and 74]. These markers have proved to be useful due to its non-invasive nature, less risk factors 

then biopsies and moreover it is found in blood [73]. 

8.2.2. Mirna Biomarkers 

Mirna are tiny non-coding RNA‘s and it acts as master regulators in various cellular processes. These 

markers can be detected in blood, serum, plasma and due to its non-evasive nature it is being used in 

early detection of cancers. It is been used for detection of pancreatic cancers. Cell free miRNA are 

found within apoptotic bodies, exosomes and complexed with AGO proteins, which prevents them by 

the action of RNA‘s and hence facilitating their isolation from normal cells. miRna acts as a tumor 

suppressor and oncogene. For example, miR15a is a suppressor for Bcl-2 in prostate cancer, chronic 

lymphocytic leukemia (CLL), and myeloma. let-7 is a suppressor for RAS in gastric and lung cancers 

and are oncogenic for many lymphomas; blastomas. Methods to detect miRNA include Serial analysis 

of Gene Expression (SAGE), micro analysis,differential display, and Quantitative Reverse 

Transcription Polymerase Chain Reaction (RT-qPCR). It is helpful in correlating disease diagnostics 

and therapeutic outcomes. 



Biomarkers: A Comprehensive Review and Its Role in Cancer Treatment

 

International Journal of Innovative Research in Electronics and Communications (IJIREC)          Page 9 

 

Figure3. A) Intracellular miRNA processing and function. B) Extracellular release of mature miRNA. C) 

Modulation of transcription by exogenous miRNA [74] 

8.2.3. Protein Biomarkers 

Proteins are the main killer bio-molecules in cells and that makes protein-based markers more important 

biomarkers than DNA- or RNA-based markers. Proteins controls the pathways of normal and 

transformed cells and this made them more relevant for disease initiation and progression. Examples 

of tumor markers include: CA 15-3 and prostate-specific antigen (PSA), for breast cancer and CA 125 

for ovarian cancer. These markers have proteins whose expression is evaluated by immune his to 

chemical assays in fixed sections of tumor tissue. Moreover, the enzymatic activity of proteins can be 

used as a marker. Proteomics approaches have been used to produce a protein expression map (PEM) 

of the normal human breast, which is compared to the PEMs of breast cancer cells. Quantum Dots and 

nanotechnology are being recently used for the evaluating the potential of biomarkers. 

8.3. Microarrays and Cancer Analysis 

DNA microarrays are analytical tools consisting of a myriad of unique DNA sequences attached to a 

solid support. Microarrays can be used to examine DNA or RNA sequences derived from tumor cells. 

Microarrays can examine the expression of almost all the genes in the genome simultaneously. 

Research groups have begun to distinguish subsets of genes that show differential, coordinated 

expression between healthy tissues and their tumor counterparts. These molecular signatures are 

potential biomarkers for several types of cancer, including oral, breast, ovarian, lung, oral, colorectal 

and prostate cancers as well as lymphomas, melanomas, and leukaemia‘s [20]. Some biomarkers are 

useful in classifying tumors and determine response to therapies. Moreover, microarray data on 

differential expression can yield information about the role of both individual genes and pathways in 

cancer. Besides gene expression, microarrays are also used to genotype single nucleotide 

polymorphisms (SNPs) in oncogenesor tumor suppressors, analyze the relative copy number of genes 

to detect imbalances such as gene amplification [21] and execute genome-wide detection of LOH 

[22]. 

8.4. Genomic and Proteomic Information for Biosensor-Based Cancer Testing 

Proteomic and genomic analyses produce a large volume of data but these approaches are primarily 

research tools that may not be pragmatic for regular cancer clinical testing because of their 

complexity. The tedious and lengthy protocols create issues of reproducibility and must be performed 



Shashikant Patil et al.

 

International Journal of Innovative Research in Electronics and Communications (IJIREC)          Page 10 

by highly skilled technicians. However, many of the complex patterns produced by genomic and 

proteomic analyses can be displayed by a smaller, more manageable number of biomarkers. For 

example, an assay that appraise the likelihood of breast cancer recurrence in women was developed 

using only 16 target genes analyzed performing a reverse transcriptase polymerase chain reaction 

(RT-PCR) assay [23]. This limited set of targeted genes was selected after analysis of the expression 

of 250 candidate genes selected from diversified sources. The assay was able to determine risk of 

disease recurrence and to predict patients who will benefit from chemotherapy for cases with node-

negative, estrogens-receptor positive breast cancer. Once a gene expression of complex pattern is 

reduced to a few genes, biosensor-based detection becomes more pragmatic and advantageous for 

cancer clinical testing, since it is faster, user friendly, less expensive and less technically demanding 

than microarray or proteomic analyses. However, more progress and research is still needed 

technically to improve the performance of protein based biosensors. 

8.5. Ligands for Cancer Clinical Testing 

Biosensors have been developed for protein analysis, depicting their potential for detecting protein 

biomarkers of cancer. However, one of the major barriers for multi-target cancer testing is the 

availability of recognition ligands. While antibodies are excellent ligands in terms of selectivity and 

binding strength, they are difficult to produce, incompatible with some high-throughput approaches, 

and generally have restrained shelf life. The crucial role of antibodies as the recognition ligand in 

biosensor systems makes this bottleneck demanding. There has been considerable interest in research 

on alternatives to antibodies. Several very promising avenues of investigation have been pursued 

including, protein-binding nucleic acids which bind other molecules with high affinity, [24,25,26] 

(KD ∼10−9 M), aptamers , peptides selected from phage display libraries [27,28], combinatorial 

chemistry ligands, scaffolded peptides and combinatorial chemistry ligands derived from low-affinity 

ligands. The ligands equilibrium dissociation constant (KD) for antibodies of  high affinity, is on the 

order of 10−9 M whereas, ligands that are peptides, scaffolded peptides, combinatorial chemistry 

ligands typically have KD‘s of the order approximately ∼10–6 to 10–7 M. A new generation of high 

affinity and versatile ligands compatible with high throughput systems is a key element for biosensor 

development and utilization. 

 

Figure4. The main elements required to adapt biosensors for cancer clinical testing. Cancer biomarkers 

identified from basic and clinical research, and from genomic and proteomic analyses must be validated. 

Ligands and probes for these markers can then be combined with detectors to produce biosensors for cancer-

related clinical testing. Point of Care cancer testing requires integration and automation of the technology as 

well as development of appropriate sample preparation methods [56]. 

8.6. Sample Preparation and Cancer Cell Enrichment 

Sample preparation exhibits another major hindrance to the extensive use of biosensors in clinical 

applications. Conventionally, cancer diagnosis is carried out utilizing paraffin-embedded tumor tissue 
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and/or analysis of individual biomarkers in blood. However, paraffin is not the optimal preservation 

method for the DNA, RNA and protein in various biosensor-based analyses. Nucleic acids retrieved 

from paraffin-embedded tissues are far more degraded than those recovered from fresh tissues even 

after successful PCR [29, 30, 31, 32, 33, 34]. Similarly, mRNA has been successfully segregated from 

archival tissue and was found accurate in some cases. [30, 35, 36, 37, 38, 39, 32, 24]. Proteins are 

even more difficult to recover from paraffin-embedded samples than nucleic acids [40]. Protein 

analysis is one of the major applications for biosensors, and the fact that proteins are not susceptible 

to analysis following rational fixation methods signals that fresh samples must be analyzed. For 

pragmatic outcomes, biosensor-based technologies for cancer clinical testing must incorporate well-

defined sample collection procedures and enrichment systems to conversely recover different 

biomarkers from tumor cells and it becomes necessary to separate few targeted cancer cells from a 

large volume of normal cells. Various enrichment methods to select targeted cancer cells have been 

developed which includes density gradient centrifugation [41,42] providing mean tumor cell recovery 

rates of ∼86% , counter-flow centrifugal elutriation (CCE) [43], immuno magnetic enrichment of 

cancer cells (more specific) [44,45,46,47,48 49,50] that allows 2300-fold [51] or 8139-fold 

enrichment. Flow cytometry is a process that separates cancer cells using several biomarkers 

simultaneously [51, 52, 53, 54]. Some enrichment system separates tumor cells based on their 

mechanical characteristics using a massive parallel micro fabricated sieving device [55,76].  

8.7. Challenges in Moving Biosensors to Point of Care testing 

The ultimate prospect for biosensor application is Point of Care Testing (POCT). Point of care 

applications has great potential for cancer clinical testing. There are some challenges in transforming 

biosensors to POCT for cancer like: 

• Improvement of reproducible biomarker assays. 

• Advancement in recognition ligands. 

• Amelioration of multi-channel biosensors. 

• Miniaturization, simplification, automation and integration. 

• Development of more sensitive, specific and robust transducers. 

• advanced manufacturing techniques. 

• cost reduction. 

Challenges and potential Solution 

The number of biomarkers in clinical settings is very less because of the following reasons: 

(i) Sample cell preparation, enrichment and storage is not uniform 

(ii) Analytical validation of equipments used is not adept. 

(iii) Some techniques, such as mass spectrometry, provide large volume of data which has not been        

analyzed efficiently 

(iv) Heterogeneity of cancer samples and most of the samples have not been collected and analyzed 

by laser capture microdissection 

(v) Proper validated biomarkers are very less in number, due to its high precision requirement. 

Large efforts have been taken by the FDA for the validation of biomarkers. In methylation field real 

time quantitative PCR and direct sequencing has been standardised. Efforts are also been made to do 

methylation profiling, miRNA profiling and his tone modifications in the same sample to reduce 

variation. Multi biomarker analysis is encouraged for minimal variation. Measurements of tumor 

markers and biopsy results are combined together for accurate results. 

9. CONCLUSION 

Lung cancer has the highest mortality rate among all cancer typesdue to the short survival time and 

quick invasion of the malignanttumours. While in women breast cancer is the main reason for 

morbidity due to its heterogeneous complexity. There may be some challenges and limitations to the 

use biomarkers but they offered great potential for monitoring and managing cancer at every stage 
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ranging from screening, detection, diagnosis, prognosis to the treatment selection and assessment of 

therapies. With the advent of technology, the demand of companion diagnostics, transformation of 

biosensors to point of care testing is increasing due to its high speed, multi target analyses and great 

efficacy. 
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