


About the editors

Raju Khan is currently working as the principal scientist and associate professor at CSIR-Advanced Materials and

Processes Research Institute (AMPRI), Bhopal, MP, India. Dr. Khan received his PhD & MSc in chemistry from the

Jamia Millia Islamia (Central University), New Delhi, India. Dr. Khan has published several refereed papers in national

and international journals, has filed patents, and has edited as well as coedited several books on biosensors and antimicro-

bial applications. He has completed several national and international collaborative projects such as Indo-Czech Republic,

Indo-Russia, and United States. He is a recipient of the reputed BOYSCAST fellowship from the Department of Science

& Technology (DST) within the Ministry Government of India. During the fellowship, he has worked as a visiting scien-

tist at the University of Texas at San Antonio (UTSA), United States. Since then, Dr. Khan is continuously very produc-

tive with more than 15 years of R&D and teaching experiences, producing high-quality research, mentoring students,

and supporting the analytical and microfluidics division as outsource facility. His current research activities include

nano-biomaterials, biosensors, point-of-care diagnostics, nano-biotechnology, antimicrobials, and biomedical engineering.

Arpana Parihar is currently working as a Women Scientist B at CSIR-Advanced Materials and Processes Research

Institute (AMPRI), Bhopal, MP, India, under the scheme of DST-WoS-B awarded from the Department of Science and

Technology, Government of India. She did her PhD from Raja Rammana Centre for Advanced Technology, Indore. Her

doctoral research work involves the evaluation of tumor selectivity and photodynamic therapy (PDT) efficacy of chlorin

p6 through receptor-mediated targeted delivery in oral cancer. After PhD, her postdoctoral research work at the Centre

for Biomedical Engineering (CBME), Indian Institute of Technology (IIT) Delhi involves the enhancement of osteoin-

ductive and osteoconductive properties of various implants made up of metals, ceramics, and polymers. Dr. Parihar is

awarded prestigious GATE, CSIR-NET, DST-WoS A, and WoS B fellowship. She has more than 7 years of research

and teaching experience at various prestigious institutes that fetched several peer-reviewed papers in national and inter-

national journals of repute. Her current research activity includes fabrication of biosensors for early diagnosis of cancer,

molecular docking and simulation for drug designing, tissue engineering, targeted cancer therapy, and 3D cell culture.

Sunil K. Sanghi was working as chief scientist, professor, and Head of Department at Microfluidics & MEMS Centre,

CSIR-Advanced Materials and Processes Research Institute (AMPRI), Bhopal, India. His past research areas were on

development of manual and automated procedures for all kinds of analytes in biomedical, pharmaceutical, and environ-

mental samples using micro liquid, capillary gas chromatographic, and capillary electrophoretic separation techniques in

combination with sample preparation, derivatization and reaction-detection systems, micro-chip-based separation under

the concept of lab-on-a-chip. Dr. Sanghi has successfully completed several international and national collaborative R&D

projects—Indo-European Union, Indo�French, New Millennium Indian Technology Leadership Initiative (NMITLI).

He was awarded the reputed Marie Curie Fellowship of the European Union, and worked as a visiting scientist for 3

years at the University of Amsterdam and Institute Curie, Paris. He holds an experience of 35 years in R&D and teach-

ing. Recently, Dr. Sanghi has received the 2021 National Meritorious Innovation Award from Government of India.

xvii



Academic Press is an imprint of Elsevier
125 London Wall, London EC2Y 5AS, United Kingdom
525 B Street, Suite 1650, San Diego, CA 92101, United States
50 Hampshire Street, 5th Floor, Cambridge, MA 02139, United States
The Boulevard, Langford Lane, Kidlington, Oxford OX5 1GB, United Kingdom

Copyright © 2022 Elsevier Inc. All rights reserved.

No part of this publication may be reproduced or transmitted in any form or by any means, electronic or mechanical, including
photocopying, recording, or any information storage and retrieval system, without permission in writing from the publisher.
Details on how to seek permission, further information about the Publisher’s permissions policies and our arrangements with
organizations such as the Copyright Clearance Center and the Copyright Licensing Agency, can be found at our website: www.
elsevier.com/permissions.

This book and the individual contributions contained in it are protected under copyright by the Publisher (other than as may be
noted herein).

Notices
Knowledge and best practice in this field are constantly changing. As new research and experience broaden our understanding,
changes in research methods, professional practices, or medical treatment may become necessary.

Practitioners and researchers must always rely on their own experience and knowledge in evaluating and using any information,
methods, compounds, or experiments described herein. In using such information or methods they should be mindful of their
own safety and the safety of others, including parties for whom they have a professional responsibility.

To the fullest extent of the law, neither the Publisher nor the authors, contributors, or editors, assume any liability for any injury
and/or damage to persons or property as a matter of products liability, negligence or otherwise, or from any use or operation of
any methods, products, instructions, or ideas contained in the material herein.

British Library Cataloguing-in-Publication Data
A catalogue record for this book is available from the British Library

Library of Congress Cataloging-in-Publication Data
A catalog record for this book is available from the Library of Congress

ISBN: 978-0-12-823424-2

For Information on all Academic Press publications
visit our website at https://www.elsevier.com/books-and-journals

Publisher: Mara Conner
Acquisitions Editor: Carrie Bolger
Editorial Project Manager: Sara Valentino
Production Project Manager: Prem Kumar Kaliamoorthi
Cover Designer: Mark Rogers

Typeset by MPS Limited, Chennai, India

http://www.elsevier.com/permissions
http://www.elsevier.com/permissions
https://www.elsevier.com/books-and-journals


List of contributors

Aida Alaei Department of Life Science Engineering,

Faculty of New Sciences & Technologies, University

of Tehran, Tehran, Iran

Kavita Arora Advanced Instrumentation & Research

Facility (AIRF) and School of Computational &

Integrative Sciences (SCIS), Jawaharlal Nehru

University, New Delhi, India

Neha Arya Department of Medical Devices, National

Institute of Pharmaceutical Education and Research,

Ahmedabad, India; Department of Translational

Medicine Centre, All India Institute of Medical

Sciences, Bhopal, Bhopal, India

Rinti Banerjee Nanomedicine Laboratory, Department

of Biosciences and Bioengineering, Indian Institute of

Technology Bombay, Powai, Mumbai, India

Saptaka Baruah Department of Physics, Rajiv Gandhi

University, Itanagar, India

Niloy Chatterjee Food and Nutrition Division,

University of Calcutta, Kolkata, India

Meenakshi Choudhary Centre for Biomedical

Engineering, Indian Institute of Technology Delhi,

New Delhi, India

Samraggi Coudhury DBT-National Institute of Animal

Biotechnology (DBT-NIAB), Hyderabad, Telangana,

India

Mehdi Dadmehr Department of Biology, Payame Noor

University, Tehran, Iran

Surojeet Das European Molecular Biology Laboratory

Australia, Australian Regenerative Medicine Institute,

Monash University, Melbourne, VIC, Australia

Krishna Das Saha Cancer Biology and Inflammatory

Disorder Division, CSIR-Indian Institute of Chemical

Biology, Kolkata, India

Nitu Dogra Proteomic & Translational Research Lab,

Centre for Medical Biotechnology, Amity Institute of

Biotechnology, Amity University Noida, Noida, India

Manuela F. Frasco BioMark Sensor Research/UC,

Faculty of Sciences and Technology, Coimbra

University, Coimbra, Portugal; BioMark Sensor

Research/ISEP, School of Engineering, Polytechnic

Institute of Porto, Porto, Portugal; CEB - Centre of

Biological Engineering, Minho University, Braga,

Portugal

Sonu Gandhi DBT-National Institute of Animal

Biotechnology (DBT-NIAB), Hyderabad, Telangana,

India

Shagun Gupta Shoolini University, Solan, India

Morteza Hosseini Department of Life Science

Engineering, Faculty of New Sciences &

Technologies, University of Tehran, Tehran, Iran

Pouria Jafari Department of Life Science Engineering,

Faculty of New Sciences & Technologies, University

of Tehran, Tehran, Iran

Surbhi Jain Department of Biochemistry and Genetics,

Barkatullah University, Bhopal, India

Deepak Kala Amity Centre of Nanotechnology, Amity

University, Gurugram, India

Deepshikha Pande Katare Proteomic & Translational

Research Lab, Centre for Medical Biotechnology,

Amity Institute of Biotechnology, Amity University

Noida, Noida, India

Ankur Kaushal Amity Centre of Nanotechnology,

Amity University, Gurugram, India

Raju Khan Microfluidics & MEMS Centre, CSIR-

Advanced Materials and Processes Research Institute

(AMPRI), Bhopal, India; Academy of Scientific and

Innovative Research (AcSIR), Ghaziabad, India

Lucky Krishnia Amity Centre of Nanotechnology,

Amity University, Gurugram, India

Ashok Kumar Department of Biochemistry, All India

Institute of Medical Sciences, Bhopal, Bhopal, India

xiii



Avinash Kumar Department of Mechanical Engineering,

Indian Institute of Information Technology Design &

Manufacturing Kancheepuram, Chennai, India

Pradip Kumar Integrated Approach for Design and

Product Development Division, CSIR-Advanced

Materials and Processes Research Institute (CSIR-

AMPRI), Bhopal, India

Sanjeev Kumar Department of Physics, Rajiv Gandhi

University, Itanagar, India

Bidyarani Maibam Department of Physics, Rajiv

Gandhi University, Itanagar, India

Ruchi Jakhmola Mani Proteomic & Translational

Research Lab, Centre for Medical Biotechnology,

Amity Institute of Biotechnology, Amity University

Noida, Noida, India

Krishnendu Manna Cancer Biology and Inflammatory

Disorder Division, CSIR-Indian Institute of Chemical

Biology, Kolkata, India; Department of Food and

Nutrition, University of Kalyani, Kalyani, India

Shubhangi Mhaske Oral and Maxillofacial Pathology

and Microbiology, People’s College of Dental

Sciences & Research Centre, People’s University,

Bhopal, India

Maryam Mousavizadegan Department of Life Science

Engineering, Faculty of New Sciences &

Technologies, University of Tehran, Tehran, Iran

Niladri Mukherjee Cancer Biology and Inflammatory

Disorder Division, CSIR-Indian Institute of Chemical

Biology, Kolkata, India

Sayali Mukherjee Amity Institute of Biotechnology,

Amity University Uttar Pradesh, Lucknow, India

Sagar Narlawar DBT-National Institute of Animal

Biotechnology (DBT-NIAB), Hyderabad, Telangana,

India

Fatemeh Nemati Department of Life Science

Engineering, Faculty of New Sciences &

Technologies, University of Tehran, Tehran, Iran

Riyaz Ali M. Osmani Nanomedicine Laboratory,

Department of Biosciences and Bioengineering, Indian

Institute of Technology Bombay, Powai, Mumbai,

India

Udwesh Panda Department of Mechanical Engineering,

Indian Institute of Information Technology Design &

Manufacturing Kancheepuram, Chennai, India

Ritu Pandey Department of Biochemistry, All India

Institute of Medical Sciences, Bhopal, Bhopal, India

Arpana Parihar Microfluidics & MEMS Centre, CSIR-

Advanced Materials and Processes Research Institute

(AMPRI), Bhopal, India; Department of Biochemistry

and Genetics, Barkatullah University, Bhopal, India

Dipesh Singh Parihar Engineering College Tuwa,

Godhra, India

Azam Bagheri Pebdeni Department of Life Science

Engineering, Faculty of New Sciences &

Technologies, University of Tehran, Tehran, Iran

Amarjitsing Rajput Nanomedicine Laboratory,

Department of Biosciences and Bioengineering, Indian

Institute of Technology Bombay, Powai, Mumbai,

India; Department of Pharmaceutics, Poona College of

Pharmacy, Bharti Vidyapeeth Deemed University,

Erandwane, Pune, India

Pushpesh Ranjan Microfluidics & MEMS Centre,

CSIR-Advanced Materials and Processes Research

Institute (AMPRI), Bhopal, India; Academy of

Scientific and Innovative Research (AcSIR),

Ghaziabad, India

Tripti Rimza Integrated Approach for Design and

Product Development Division, CSIR-Advanced

Materials and Processes Research Institute (CSIR-

AMPRI), Bhopal, India

Amirreza Roshani Department of Life Science

Engineering, Faculty of New Sciences &

Technologies, University of Tehran, Tehran, Iran

Mohd Abubakar Sadique Microfluidics & MEMS

Centre, CSIR-Advanced Materials and Processes

Research Institute (AMPRI), Bhopal, India

M. Goreti F. Sales BioMark Sensor Research/UC,

Faculty of Sciences and Technology, Coimbra

University, Coimbra, Portugal; BioMark Sensor

Research/ISEP, School of Engineering, Polytechnic

Institute of Porto, Porto, Portugal; CEB - Centre of

Biological Engineering, Minho University, Braga,

Portugal

Shikha Saxena Amity Institute of Pharmacy, Amity

University, Noida, India

Nikita Sehgal Proteomic & Translational Research Lab,

Centre for Medical Biotechnology, Amity Institute of

Biotechnology, Amity University Noida, Noida, India

Amit Seth School of Life Science, Manipur University,

Imphal, India

Deepshikha Shahdeo DBT-National Institute of Animal

Biotechnology (DBT-NIAB), Hyderabad, Telangana,

India

Kosar Shahsavar Department of Life Science

Engineering, Faculty of New Sciences &

Technologies, University of Tehran, Tehran, Iran

xiv List of contributors



Ekta Singh Nanomedicine Laboratory, Department of

Biosciences and Bioengineering, Indian Institute of

Technology Bombay, Powai, Mumbai, India

Shiv Singh Lightweight Metallic Materials Division,

CSIR-Advanced Materials and Processes Research

Institute (CSIR-AMPRI), Bhopal, India

Ayushi Singhal Microfluidics & MEMS Centre, CSIR-

Advanced Materials and Processes Research Institute

(AMPRI), Bhopal, India; Academy of Scientific and

Innovative Research (AcSIR), Ghaziabad, India

Raquel Vaz BioMark Sensor Research/UC, Faculty of

Sciences and Technology, Coimbra University,

Coimbra, Portugal; BioMark Sensor Research/ISEP,

School of Engineering, Polytechnic Institute of Porto,

Porto, Portugal; CEB - Centre of Biological

Engineering, Minho University, Braga, Portugal

Vivek Verma Shoolini University, Solan, India

Shalu Yadav Microfluidics & MEMS Centre, CSIR-

Advanced Materials and Processes Research Institute

(AMPRI), Bhopal, India; Academy of Scientific and

Innovative Research (AcSIR), Ghaziabad, India

Monal Yuwanati Department Of Oral Pathology and

Microbiology, Saveetha Dental College and Hospitals,

Saveetha Institute of Medical and Technical Sciences,

Saveetha University, Chennai, India

List of contributors xv



Contents

List of contributors xiii

About the editors xvii

1. Cancer: A sui generis threat and its
global impact 1

Amarjitsing Rajput, Riyaz Ali M. Osmani,
Ekta Singh and Rinti Banerjee

1.1 Introduction 1
1.1.1 Cancer 1

1.1.2 Pathophysiology of cancer 1

1.1.3 Genetics and epigenetics of cancer 2

1.1.4 Classification and nomenclature of

cancers 3

1.1.5 Epidemiology and demographics 3

1.2 Causes of cancer 4

1.2.1 Physical carcinogens 4
1.2.2 Chemical carcinogens 6

1.2.3 Biological carcinogens 9

1.3 Causes and risk factors of cancer 13

1.3.1 Causes 13

1.3.2 Risk factors 14

1.4 Early detection and management 16

1.4.1 Diagnosis and staging 16

1.4.2 Management 16
1.5 Current management 19

1.6 Conclusions and future prospects 20

Conflict of interest 20

List of abbreviations 20

References 21

2. Types of cancer diagnostics,
the current achievements,
and challenges 27

Niladri Mukherjee, Niloy Chatterjee,
Krishnendu Manna and Krishna Das Saha

2.1 Introduction 27

2.2 What is cancer 27
2.3 What is diagnostics 28

2.4 Importance of diagnostics 29

2.5 Different types of cancer diagnostics 29

2.5.1 Clinical symptoms 30
2.5.2 Physical examination 30

2.5.3 Laboratory tests 31

2.5.4 Ultrasound 31

2.5.5 Imaging tests 31

2.5.6 Cytologic and histopathological

technique (biopsy) 32

2.5.7 Endoscopy 33

2.5.8 Tumor markers 33
2.5.9 Serological methods 33

2.5.10 Immunohistochemistry 33

2.5.11 Flow cytometry 34

2.5.12 Fluorescence in situ hybridization

technique 35

2.5.13 Polymerase chain reaction 35

2.5.14 Microarray 35

2.5.15 Alternative and new diagnostic
measures for cancers 35

2.5.16 Nanoparticles in

cancer diagnosis 36

2.6 Factors that can amend

cancer diagnostics 36

2.7 Diagnostics for some typical and

mostly observed cancer types 37

2.7.1 Breast cancer 37
2.7.2 Lung cancer 37

2.7.3 Colorectal cancer 37

2.7.4 Prostate cancer 38

2.7.5 Ovarian cancer 38

2.7.6 Biopsy and diagnosis of carcinoma

of unknown primary origin 38

2.7.7 Circulating tumor cells 38

2.7.8 Other cancers that need early
diagnosing 39

2.8 Achievements, challenges, and future

aim of cancer diagnostics 39

Acknowledgments 39

Conflict of interest 39

References 40

v



3. Biomarkers associated with different
types of cancer as a potential candidate
for early diagnosis of oncological
disorders 47

Arpana Parihar, Surbhi Jain, Dipesh Singh Parihar,
Pushpesh Ranjan and Raju Khan

3.1 Introduction 47

3.2 Cancer biomarkers 48

3.2.1 Lung cancer biomarkers 48

3.2.2 Gastric cancer biomarkers 49

3.2.3 Liver cancer biomarkers 49

3.2.4 Breast cancer biomarkers 50

3.2.5 Colorectal cancer biomarkers 51

3.3 Concluding remarks 52
References 52

4. Biosensors: concept and importance
in point-of-care disease diagnosis 59

Raquel Vaz, Manuela F. Frasco
and M. Goreti F. Sales

4.1 Introduction 59

4.1.1 Historical perspective of biosensors 60

4.1.2 Classification 61

4.2 POC biosensors for cancer diagnosis 63

4.2.1 Electrochemical POC biosensors 64

4.2.2 Optical POC biosensors 66

4.2.3 Piezoelectric POC biosensors 71

4.2.4 Thermometric POC biosensors 71
4.3 Application of biomaterials

in biosensors 72

4.4 New trends in POC biosensors design 73

4.5 Commercially available POC biosensors

for cancer diagnosis 75

4.6 Future perspectives 75

Acknowledgments 75

References 75

5. Early detection of lung cancer
biomarkers through biosensor 85

Mehdi Dadmehr, Pouria Jafari
and Morteza Hosseini

5.1 Introduction 85
5.1.1 Lung cancer 85

5.1.2 Epidemiology of lung cancer 85

5.1.3 Causes, genetic changes, and

traditional screening of lung cancer 86

5.2 Lung cancer biomarkers 86

5.2.1 Nucleic acid-based biomarkers 87

5.2.2 Protein-based biomarkers 87

5.3 Biosensors for lung cancer biomarker

detection 88

5.3.1 Electrochemical-based approaches 88

5.3.2 Optical-based approaches 92

5.3.3 DNA analyte based optical

approaches 94
5.4 Conclusion and future perspectives 95

References 95

6. Biosensor-based early diagnosis of
hepatic cancer 97

Nikita Sehgal, Ruchi Jakhmola Mani,
Nitu Dogra and Deepshikha Pande Katare

6.1 Introduction 97

6.2 Hepatocellular carcinoma 97

6.2.1 Leading causes of HCC 98

6.2.2 Currently used HCC diagnosis

techniques 98

6.3 Biosensors in cancer 99
6.3.1 Conventional techniques for cancer

diagnosis and their limitations 99

6.3.2 Biosensors as a new wave in cancer

prognosis 100

6.4 Clinical studies on HCC serum biomarkers

and their sensor-based detection 100

6.4.1 Alpha fetoprotein 101

6.4.2 Glypican-3 (GPC3) 103
6.4.3 miRNA 103

6.4.4 Cancer stem/tumor cells 103

6.5 Other clinically relevant biomarkers

for HCC 104

6.5.1 Des-ϒ-carboxyprothrombin (DCP)

or PIVKA II (prothrombin induced

by vitamin K deficiency) 104

6.5.2 Alpha L fucosidase 104
6.5.3 Human carbonyl reductase

2 (HCR2) 104

6.5.4 Golgi phosphoprotein 2 (GOLPH2) 105

6.5.5 Transforming growth factor-beta 105

6.5.6 Hepatocyte growth factor/scatter

factor (HGF/SF) 105

6.5.7 Fibroblast growth factor (FGF) 105

6.5.8 Vascular endothelial growth factors 105
6.5.9 Golgi protein 73 106

6.5.10 Osteopontin (OPN) 106

6.5.11 Annexin A2 106

6.5.12 Squamous cell carcinoma antigen 106

6.5.13 Midkine 106

6.5.14 mRNAs 106

6.6 Conclusion 107

6.7 Future Prospects 107
References 107

vi Contents



7. Scope and applications of biosensors
in early detection of oropharyngeal
cancers 113

Shubhangi Mhaske and Monal Yuwanati

7.1 Introduction 113

7.1.1 Biosensors in detection of

oropharyngeal cancer 115

7.2 DNA (ct DNA) 118

7.3 Tumor necrosis factor 119
7.4 Epidermal growth factor receptor 119

7.5 Exosomes 119

7.6 Cyfra 21-1 120

7.7 Conclusion 120

References 120

8. Electrochemical biosensors for
early detection of cancer 123

Meenakshi Choudhary and Kavita Arora

8.1 Introduction 123

8.2 Biosensors 125

8.3 Electrochemical biosensors 126

8.3.1 Amperometric biosensors for
cancer diagnosis 127

8.3.2 Potentiometric biosensors for

cancer diagnosis 130

8.3.3 Impedimetric biosensors for

cancer diagnosis 139

8.3.4 Capacitive biosensors for cancer 141

8.3.5 Futuristic trends 142

8.4 Conclusion 146
Acknowledgments 146

References 146

Further reading 151

9. Colorimetric technique-based
biosensors for early detection of
cancer 153

Kosar Shahsavar, Aida Alaei
and Morteza Hosseini

9.1 Introduction 153

9.2 Colorimetric-based strategy 154

9.3 Nanomaterial-based approach 154

9.3.1 AuNPs-based colorimetric biosensor 154

9.3.2 Nanoclusters 155

9.3.3 Carbon nanomaterial-based

biosensor 156

9.3.4 Nanocomposite-based biosensor 156
9.4 DNA-based approach 157

9.4.1 DNA aptamer platform 157

9.4.2 DNA probe platform 159

9.4.3 Nucleic acid amplification

techniques 159

9.5 Other approaches 160

9.6 Conclusion 160

References 161

Further reading 163

10. Magnetic properties-based
biosensors for early detection
of cancer 165

Sagar Narlawar, Samraggi Coudhury
and Sonu Gandhi

10.1 Introduction 165

10.2 Biosensors and their types 165

10.2.1 Bioreceptor based biosensors 165
10.2.2 Transducer-based biosensors 166

10.3 Cancer detection and diagnostics 168

10.3.1 Computed tomography 168

10.3.2 Positron emission tomography 168

10.3.3 Isotopic diagnostics 169

10.3.4 Magnetic resonance imaging 169

10.3.5 Mammography 169

10.3.6 Prostate-specific antigen 169
10.3.7 CA 15-3 170

10.3.8 Cancer antigen 125 170

10.3.9 RCAS1 (EBAG-9) 170

10.4 Applications of a magnetic

properties-based biosensor for

cancer detection 170

10.4.1 Magnetic barcode assay 170

10.4.2 Nanostructured immunosensor 171
10.4.3 Giant magnetoresistive sensors 171

10.4.4 Electrochemiluminescence

detection 173

10.4.5 Magnetic bead-based

biosensors 173

10.4.6 Magnetic PCR-based assay 174

10.4.7 Surface plasmon

resonance-based assay 174
10.5 Conclusion 175

References 176

11. Next generation biosensors as a
cancer diagnostic tool 179

Deepshikha Shahdeo and Sonu Gandhi

11.1 Introduction 179

11.2 Biosensor transducers 181
11.2.1 Electrochemical sensor 181

11.2.2 Optical biosensor 181

11.2.3 Mass-based biosensors 181

11.2.4 Calorimetric biosensor 182

Contents vii



11.3 Biosensors for cancer biomarker

detection 182

11.3.1 Graphene-based biosensors 182

11.3.2 Molybdenum disulfide-based

biosensor 183

11.3.3 Bi2Se3-based electrochemical
biosensor 186

11.3.4 Surface plasmon resonance-based

biosensor 188

11.3.5 Silicon photonic-based biosensors 189

11.3.6 Colorimetric biosensors 190

11.4 Conclusion and discussion 191

References 191

12. Microfluidics-based devices and
their role on point-of-care testing 197

Avinash Kumar and Udwesh Panda

12.1 Introduction 197

12.1.1 History of microfluidics 197

12.1.2 The behavior of fluids in

microscale 198
12.1.3 Fabrication of microfluidic

devices 200

12.2 Point-of-care devices 202

12.2.1 Point-of-care in developing

countries 202

12.2.2 Personalized medicine 203

12.3 Nanoengineered materials 204

12.3.1 Metallic particles 204
12.3.2 Quantum dots 205

12.3.3 Hydrogels 205

12.3.4 Nanotubes, nanopores, and

nanowires 206

12.4 Microfluidic devices based on specific

substrates 206

12.4.1 Glass-based microfluidic devices 206

12.4.2 Silicon-based microfluidic
devices 207

12.4.3 Polymer-based microfluidic

devices 207

12.4.4 Paper-based microfluidic

devices 208

12.5 Microfluidic-based point-of-care

devices for cancer diagnosing 208

12.5.1 Technologies in point-of-care
devices 209

12.5.2 Chemical resistor arrays

diagnostics 209

12.5.3 Near-infrared-optical diagnostics 210

12.5.4 Biomarkers and paper

microfluidics diagnostics 210

12.5.5 Nanowires and nanoparticle-based

diagnostics 210

12.5.6 Nonreusable immunosensitive

diagnostics 210

12.5.7 Micronuclear magnetic

resonance diagnostics 211
12.5.8 MEMS (micro-electromechanical

system) based diagnostics 211

12.5.9 Programmable bio-chip

diagnostics 211

12.6 Current trends and future prospects 212

12.7 Summary 216

References 216

Further reading 223

13. Graphene-based devices for
cancer diagnosis 225

Fatemeh Nemati, Azam Bagheri Pebdeni
and Morteza Hosseini

13.1 Introduction 225

13.2 Cancer biomarkers 225

13.3 Graphene and its derivatives 225

13.4 Graphene-based nanomaterials in

cancer diagnosis 226

13.5 Functionalization of graphene for

sensing application 227

13.6 Graphene material-based sensors 227
13.6.1 Graphene material in

aptamer-based biosensors 227

13.6.2 Graphene material in

antibody-based sensors 233

13.6.3 Graphene material in

enzyme-based sensors 238

13.7 Conclusion 239

References 239

14. Role of biosensor-based devices
for diagnosis of nononcological
disorders 245

Sayali Mukherjee and Surojeet Das

14.1 Introduction 245

14.2 Biosensors for infectious diseases 245

14.2.1 Biosensors for pathogenic

viruses 246
14.2.2 Biosensors for pathogenic

bacteria 248

14.2.3 Biosensors for pathogenic

protozoa 250

14.2.4 Biosensors for cardiovascular

diseases 251

viii Contents



14.2.5 Biosensors for neurological

disorders 252

14.3 Recent challenges and future

perspectives 252

14.4 Conclusion 253

References 253

15. Biosensor-based early diagnosis of
gastric cancer 257

Saptaka Baruah, Bidyarani Maibam
and Sanjeev Kumar

15.1 Introduction 257

15.2 Biomarkers for gastric cancer 258

15.3 Biosensor and gastric cancer 260

15.3.1 Role of electrochemical

biosensors in early detection

of gastric cancer 261

15.3.2 Role of SPR biosensor in early

detection of gastric cancer 263
15.3.3 Role of surface-enhanced Raman

spectroscopy sensor in early

detection of gastric cancer 264

15.3.4 Role of GMI-based biosensing

system in early detection of

gastric cancer 265

15.3.5 Other types of biosensors in early

detection of gastric cancer 265
15.4 Conclusion and future perspectives 265

References 265

16. 3D-printed device with integrated
biosensors for biomedical
applications 271

Shikha Saxena and Deepshikha Pande Katare

16.1 Introduction 271

16.2 Basics of biosensors 271
16.3 Types of biosensors 271

16.3.1 Microbial sensors 272

16.3.2 Cell-based sensors 273

16.3.3 Immunosensors 273

16.3.4 Biomolecule-based sensors 273

16.3.5 Enzyme-based sensors 273

16.3.6 Bionic sensors 273

16.4 History of 3D-printed biosensors 273
16.5 Need of integrated biosensors 274

16.6 Commercial biosensors in the market 274

16.7 Different materials used in

3D-printed biosensors 274

16.8 Types of 3D-printing techniques 274

16.8.1 Fused deposition modeling 274

16.8.2 Stereolithography 275

16.8.3 Polyjet method 275

16.8.4 Selective laser sintering 275

16.8.5 3D inkjet printing 275

16.8.6 Digital light processing method 275

16.9 Applications of 3D-printed biosensors 275

16.9.1 Bioprinting 276
16.9.2 As a preparative tool in surgery 276

16.9.3 For surgical tools 276

16.9.4 Prosthetics 276

16.9.5 Tissue engineering 276

16.9.6 Acellular medical devices 276

16.9.7 Models and surgical practice 276

16.9.8 Training and education 276

16.10 Advantages of 3D-printed biosensors 277
16.11 Disadvantages of 3D-printed

biosensors 277

16.12 Some of the case studies

of biosensors 277

16.13 Major breakthrough in the field of

personalized medicines 279

16.14 3D biosensors and cancer 279

16.15 Challenges faced by researchers 279
16.16 Regulatory aspects of biosensors 279

16.17 3D-printed biosensors in Covid-19 279

16.18 Future of 3D-integrated biosensors 281

16.19 Conclusion 281

References 281

Further reading 283

17. Novel paper-based diagnostic
devices for early detection
of cancer 285

Maryam Mousavizadegan, Amirreza Roshani
and Morteza Hosseini

17.1 Introduction 285

17.2 Formats of paper-based analytical

devices 286
17.2.1 Paper devices based on dipsticks 286

17.2.2 Lateral flow assays 286

17.2.3 Paper devices based on

microfluidics 286

17.3 Fabrication and development of

paper-based analytical devices 286

17.3.1 Fabrication methods in

paper-based devices 287
17.3.2 Immobilization of biomolecules

on paper 287

17.4 Diagnostic technologies 290

17.4.1 Colorimetric 290

17.4.2 Fluorescence 292

17.4.3 Chemiluminescence 292

17.4.4 Electrochemical 294

Contents ix



17.4.5 Electrochemiluminescence 295

17.4.6 Surface-enhanced Raman

scattering 297

17.5 Current limitations 298

17.6 Conclusion and future perspectives 298

References 298
Further reading 301

18. Emerging technologies for salivary
biomarkers in cancer diagnostics 303

Ritu Pandey, Neha Arya and Ashok Kumar

18.1 Introduction 303

18.2 Technologies for discovery of salivary

biomarkers 304

18.2.1 Transcriptomics 304

18.2.2 Cell free microRNAs 305

18.2.3 Proteomics 306

18.2.4 Metabolomics 307

18.2.5 Microbiomics 308
18.2.6 Spectroscopy techniques 309

18.3 Point-of-care technologies for detection

of salivary biomarkers 309

18.3.1 Types of detection system 311

18.3.2 Commercially available POC

technologies 314

18.4 Challenges in translating salivary

biomarkers to the clinics 314
18.4.1 Standardization of conditions

and methods of saliva sample

collection, processing,

and storage 314

18.4.2 Variability in the levels of

potential salivary biomarkers 315

18.4.3 The need for further validation of

salivary biomarkers 316
18.5 Conclusion 316

Acknowledgment 316

References 316

19. Two-dimensional nanomaterials
for cancer application 321

Tripti Rimza, Shiv Singh and Pradip Kumar

19.1 Introduction 321

19.2 Synthesis of two-dimensional

nanomaterials 321

19.2.1 Mechanical exfoliation 322

19.2.2 Liquid phase exfoliation 322

19.3 Two-dimensional nanomaterials for

cancer applications 324
19.3.1 Black phosphorous nanosheets 324

19.3.2 Graphene-based materials 326

19.3.3 Layered double hydroxides 327

19.3.4 Transition metal carbides and

nitrides (MXenes) 328

19.3.5 Transition metal dichalcogenides 328

19.3.6 Molybdenum disulfide 328

Conclusion 329
References 329

20. Challenges and future prospects
and commercial viability of
biosensor-based devices for
disease diagnosis 333

Niloy Chatterjee, Krishnendu Manna,
Niladri Mukherjee and Krishna Das Saha

20.1 Introduction 333

20.2 Biosensor classification for disease

diagnosis 334

20.3 Biomarkers 335

20.4 Application of biosensors in disease

detection 335
20.5 The market trend of biosensors in

disease detection 337

20.6 Research trends of novel biosensors in

disease detection 337

20.7 Advantages of use of biosensors in

the field of disease detection 338

20.8 Designing and advancements of

biosensor design 339
20.9 Biosensor ligands used for disease

diagnosis 340

20.9.1 Nucleic acid ligands 340

20.9.2 Protein and peptide ligands 340

20.9.3 Other ligands 341

20.10 Detection of pathogenic organisms in

diseases by biosensors 341

20.10.1 Virus detecting biosensors 341
20.10.2 Bacteria detecting biosensors 341

20.10.3 Protozoan-detecting biosensors 342

20.11 Nanoscience and disease biosensor 343

20.12 Conclusion 344

20.13 Future aspects 345

References 346

21. Cancer diagnosis by biosensor-based
devices: types and challenges 353

Krishnendu Manna, Niladri Mukherjee,
Niloy Chatterjee and Krishna Das Saha

21.1 Introduction 353

21.2 Disadvantages of conventional
methods of cancer detection 354

21.3 Cancer biomarkers 355

x Contents



21.3.1 Proteomics-based cancer

biomarker detection 357

21.4 Need of biosensors for

cancer diagnosis 358

21.5 Fabrication strategies for cancer

biosensors 358
21.6 Biosensors for cancer detection 359

21.7 Structure of cancer biosensor 360

21.7.1 Biosensor recognition element 360

21.7.2 Receptors 360

21.7.3 Antigen/antibody 361

21.7.4 Enzymes 361

21.7.5 Nucleic acid 361

21.7.6 Biosensor transducer 362
21.8 Novel biosensors 363

21.9 Cell and tissue-based biosensors 363

21.10 Biosensors and nanotechnology 364

21.11 Challenges 365

21.12 Future aspects 366

References 367

22. Miniaturized devices for
point-of-care testing/miniaturization
and integration with microfluidic
systems 375

Ankur Kaushal, Amit Seth, Deepak Kala,
Shagun Gupta, Lucky Krishnia and Vivek Verma

22.1 Introduction 375
22.2 Detection of infectious and chronic

diseases 375

22.3 Role of nanotechnology in the

development of miniaturized devices 376

22.3.1 Magnetic nanoparticles 377

22.3.2 Carbon nanotubes 377

22.3.3 Graphene 378

22.4 Integration of microfluidics with
miniaturized point-of-care systems 378

22.4.1 Fabrication of microfluidics 379

22.5 Microfluidics as an emerging platform

for point-of-care diagnosis 380

22.6 Conclusion 381

References 381

23. Integrated low-cost biosensor
for rapid and point-of-care
cancer diagnosis 385

Ankur Kaushal, Deepak Kala, Vivek Verma and
Shagun Gupta

23.1 Introduction 385

23.2 Cancer biomarkers 385

23.3 New low-cost point-of-care diagnostics

for cancer detection 386

23.3.1 Low-cost disposable material

for the construction of biosensors 386

23.3.2 Paper electrode-based

electrochemical biosensors for
cancer assessment 387

23.3.3 Low-cost optical biosensors 388

23.3.4 Lateral flow assays 389

23.4 Conclusion 390

References 391

24. Scope of biosensors, commercial
aspects, and miniaturized devices
for point-of-care testing from lab
to clinics applications 395

Pushpesh Ranjan, Ayushi Singhal,
Mohd Abubakar Sadique, Shalu Yadav,
Arpana Parihar and Raju Khan

24.1 Introduction 395
24.2 Scope of biosensors 395

24.3 Cancer biomarker detection 396

24.3.1 Breast cancer 397

24.3.2 Lung cancer 398

24.3.3 Oral cancer 398

24.3.4 Pancreatic cancer 398

24.4 Biomarkers for predicting the outcome

of various cancer immunotherapies 398
24.5 Miniaturized devices for point-of-care

testing from lab to clinical

applications 398

24.6 Miniaturized point-of-care biosensor

for cancer diagnosis 399

24.6.1 Electrochemical biosensor for

cancer diagnosis 399

24.6.2 Optical biosensor for cancer
diagnosis 400

24.6.3 Microfluidics biosensor for

cancer diagnosis 401

24.7 Current status of point-of-care cancer

diagnostic devices 403

24.8 Global market of point-of-care

devices 407

24.9 Limitations and challenges in cancer
diagnostics 408

24.10 Conclusions and future prospects 408

Acknowledgments 408

References 408

Index 411

Contents xi



29/05/21, 3:09 PM

Page 1 of 13https://elsevierbooks.proofcentral.com/en-us/index.html?token=da12av670f667e92cdc600020b47da

UN
CO

RR
EC

TE
D 

PR
OOF

Chapter 15

Biosensor-based early
diagnosis of gastric cancer
Saptaka Baruah, Bidyarani Maibam and Sanjeev Kumar
Department of Physics, Rajiv Gandhi University, Itanagar, India

15.1 Introduction
Gas​tric can ​cer is one of the most com​monly found can ​cers world ​wide (Kono, 2016). Gas​tric ade​no​car ​ci​no​mas con ​sti​tute
most of the stom​ach can ​cer or gas ​tric can ​cer, and based on the anatom​i​cal lo ​ca​tion of the tu ​mor, it is sub-di​vided into car ​dia
(gas ​tro-esophageal junc​tion) and non​car ​dia (true gas ​tric) tu ​mors (Van Cut ​sem, Sagaert, Topal, Hauster ​mans, & Pre ​nen,
2016). Gas​tric can ​cer is un​com​mon in all pop​u​la​tions be​low the age of 50, and the in ​ci​dence rate in ​creases with the in ​crease
in age, reach ​ing its peak at the age of 55–80 years. The fre​quency of gas ​tric can ​cer is two- to three​fold higher in men than in
women. The age-stan​dard ​ized in ​ci​dence rate is 15.7 per 1,000,000 men and 7 per 1,000,000 women in 2018 (Thrift & El-
Serag, 2020). The high ​est in ​ci​dence rate was seen in the high-in ​come Asia Pa​cific re​gion (29.5 per 100,000 pop​u​la​tion,
age-stan​dard ​ized), es ​pe​cially Japan, South Ko​rea, and East Asia (28.6 per 100,000 pop​u​la​tion). In East Asia, China con ​-
tributed about half of the global in ​ci​dent in 2017, fol​lowed by East ​ern Eu ​rope and An​dean Latin Amer​ica. Other than these
re​gions, Mon​go​lia and Afghanistan had the over ​all high ​est age-stan​dard ​ized in ​ci​dence rates. South​ern and east ​ern sub-Sa​ha​-
ran Africa and high-in ​come North Amer​ica ex ​pe​ri​enced the low ​est in ​ci​dence rates. The high ​est age-stan​dard ​ized death rate
is ex ​pe​ri​enced by East Asia, fol​lowed by An​dean Latin Amer​ica and cen ​tral Asia (Etemadi et al., 2020). In ​dia falls in the
low in ​ci​dence cat​e​gory in the con ​text of gas ​tric can ​cer. There is a huge re​gional dif ​fer ​ence in gas ​tric can ​cer oc​cur ​rence
across In ​dia. Ac​cord ​ing to the na​tional can ​cer reg ​istries, gas ​tric can ​cer is the lead ​ing prob ​lem in the north ​east ​ern and south​-
ern states of the In ​dian sub​con ​ti​nent. As per the avail​able re​port, Aizawl, Mi​zo ​ram, has the high ​est recorded in ​ci​dence of
gas ​tric can ​cer fol​lowed by Tamil Nadu. The low ​est in ​ci​dence of gas ​tric can ​cer in In ​dia is re​ported in Gu​jrat. Gas​tric can ​cer
is the fifth most fre​quent can ​cer among men and sixth among women in In ​dia. It is also the sec​ond most com​mon rea​son for
can ​cer-as ​so​ci​ated death in In ​dian men and women among the age group of 15–44. De​tec​tion of gas ​tric can ​cer in the ad ​-
vanced stage in most of the pa​tients leads to a de​crease in the 5-year sur​vival rate in com​par ​i​son with the coun ​tries where
early di​ag ​no​sis is made. The treat​ment stan​dard and pro ​to ​col in most of the in ​sti​tu ​tions are good as any other coun ​try, al​-
though it is not ob​served evenly across the coun ​try (Dik ​shit, Mathur, & Mha ​tre, 2011; Ser ​varayan Mu ​ruge ​san et al.,
2018; Sharma & Rad ​hakr ​ish ​nan, 2011). The in ​ci​dence of stom​ach can ​cer re​mark ​ably de​creases in the last half cen ​tury.
Nonethe​less, stom​ach can ​cer is in the fifth and third po​si​tions of can ​cer in ​ci​dence and deaths due to can ​cer, re​spec​tively, all
over the world (Bal ​akr ​ish ​nan, George, Sharma, & Gra ​ham, 2017).

Helicobacter pylori (H. pylori) in ​fec​tion is the most im​por ​tant risk fac​tor which causes a pro ​longed in ​flam​ma​tory re​ac​-
tion of the im​mune re​sponse (Crew & Neugut, 2006; Rawla & Bar ​souk, 2019). Salt and salt pre​served food may also in ​-
crease the threat of stom​ach can ​cer. A de​crease in stom​ach can ​cer is as ​so​ci​ated with a re​duc​tion of H. pylori in ​fec​tion
(Cisco, Ford, & Nor ​ton, 2008). The de​cline in in ​fec​tion rate is due to bet​ter san​i​ta​tion, hy​gienic prac​tice, and bet​ter food
preser ​va​tion meth ​ods (Sharma & Rad ​hakr ​ish ​nan, 2011). Stom​ach can ​cer epi​demi​ol​ogy has sig​nif ​i​cant ge​o​graph ​i​cal di​-
ver ​sity lead ​ing to at least a 10-fold vari​a​tion of in ​ci​dence world ​wide (Ser ​varayan Mu ​ruge ​san et al., 2018). Part of this
vari​a​tion is re​lated to H. pylori in ​fec​tion fre​quency through ​out the pop​u​la​tion, and en ​vi​ron ​men ​tal fac​tors which are also re​-
spon​si​ble for stom​ach can ​cer (Etemadi et al., 2020). Cig ​a​rette smok​ing is a risk fac​tor for both the type of can ​cer. Be​cause
of the higher oc​cur ​rence of risk fac​tors such as smok​ing or hor ​monal fac​tors, both the can ​cers are more com​mon in males.

Biosensor Based Advanced Cancer Diagnostics. https://doi.org/10.​1016/​B978-0-12-823424-2. ​00023-5
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2 Biosensor Based Advanced Cancer Diagnostics

The de​cline in gas ​tric can ​cer is not uni​ver ​sal (Bal ​akr ​ish ​nan et al., 2017). Re​duc​tion in the in ​ci​dent cases and deaths in
East Asia will lead to a de​crease in ab ​solute in ​ci​dent cases and death, as half of the in ​ci​dent cases and death oc​cur there. Mi​-
grant stud​ies and sec​u​lar trends in stom​ach can ​cer rates re​veal that en ​vi​ron ​men ​tal fac​tors play a sig​nif ​i​cant role in the patho ​-
gen ​e​sis of stom​ach can ​cer. In con ​trast, only about 1–3% are known to be hered ​i​tary syn​dromes (Thrift & El-Serag, 2020;
Van Cut ​sem et al., 2016). Re​duc​tion in high salt food con ​sump​tion in Asian coun ​tries is an ap ​proach to de​crease stom​ach
can ​cer since lifestyle, par ​tic​u​larly high sodium di​ets in East Asian peo ​ples and smok​ing in males, plays a sig​nif ​i​cant part in
stom​ach can ​cer bur ​den. The main fo ​cus is on pre​vent​ing H. pylori in ​fec​tion, since it is the most cru ​cial el​e​ment of dan ​ger
for stom​ach can ​cer.

Gas​tric can ​cer is grouped into two: (1) early gas ​tric can ​cer (EGC, stages I and II) de​fined as the ma​lig ​nant tu ​mor con ​-
fined to the mu ​cosa and sub​mu ​cosa ir ​re​spec​tive of lymph node metas ​ta​sis; and (2) ad ​vance gas ​tric can ​cer (AGC, stages III
and IV); there is lack of a ho​mo ​ge​neous de​f ​i​n​i​tion of ad ​vance gas ​tric can ​cer. How ​ever, gas ​tric can ​cer is a can ​cer that has at​-
tacked the mus ​cu ​laris pro ​pria or gas ​tric wall (Cisco et al., 2008; Ooki et al., 2009; Sarag ​oni, 2015). Surgery can treat
EGC, but AGC usu​ally re​quires mul​ti​dis ​ci​pli​nary treat​ment. Early di​ag ​no​sis and care​ful stag​ing can re​duce mor ​tal​ity. De​-
spite all this, gas ​tric can ​cer stag​ing is fac​ing dif ​fi​cul​ties be​cause of the lack of de​fined risk fac​tors. Thus, late di​ag ​no​sis and
in ​ad ​e​quate stag​ing arrange​ments may cause an in ​crease in mor ​tal​ity. So a fast and non​in ​va​sive method is needed for early
di​ag ​no​sis and stag​ing of gas ​tric can ​cer.

Gen​eral can ​cer treat​ment pro ​ce​dures are re​lated to char ​ac​ter ​iz​ing the can ​cer cells at the early stages, like chemother ​apy,
surgery, and ra​di​a​tion. So the di​ag ​no​sis of can ​cer is es ​sen​tial for timely in ​di​vid ​u​at​ing a vi​able can ​cer treat​ment. Ex ​ist ​ing tu ​-
mor di​ag ​no​sis de​pends on an as ​sort​ment of com​pli​cated clin ​i​cal set​tings, which in ​clude x-ray, mag ​netic res ​o​nance imag ​ing
(MRI), com​put​er ​ized to ​mog ​ra​phy (CT), en ​doscopy, positron emis ​sion to ​mog ​ra​phy (PET), cy ​tol​ogy, sonog​ra​phy, ther ​mog ​ra​-
phy, and biopsy. In ad ​di​tion, both ge​nomic- and pro ​teomic-based mol​e​c​u​lar tools are pro ​gres ​sively used, such as poly ​merase
chain re​ac​tion (PCR), ra​dioim​munoas ​say (RIA), en ​zyme linked im​munosor​bent as ​say (ELISA), im​muno ​his ​to ​chem​istry
(IHC), and flow cy ​tom​e​try (Al ​t ​in ​tas & Tothill, 2013; Mit ​tal, Kaur, Gau ​tam, & Man ​tha, 2017; Prab ​hakar, Shende, &
Au ​gus ​tine, 2018). The cur ​rent tech ​nolo ​gies and meth ​ods are pro ​fi​cient, but most of them are in ​va​sive, costly, time-con ​-
sum​ing, and re​stricted to lab ​o​ra​tory cen ​ters in big hos ​pi​tals (Cui, Zhou, & Zhou, 2019). For in ​stance, an in ​va​sive method
biopsy is a med ​ical process that needs the in ​ser​tion of the med ​ical tool into the pa​tien ​t’s body to de​duce spe​cific tis ​sues to be
ex ​am​ined to find the pres ​ence of can ​cer cells. Such a pro ​ce​dure is te​dious, and fur ​ther, has nu​mer ​ous con ​straints. Pa​tients
ex ​pe​ri​enc​ing biop ​sies com​plain of weak health, nau ​sea, sleep​ing dis ​or ​der with fur ​ther post​biopsy im​pacts. There​fore, the re​-
quire​ment for non​in ​va​sive de​tec​tion has come into sig​nif ​i​cance in the pre​sent time. Also, rapid de​tec​tion is needed to give
pa​tients in ​stant re​sults to start treat​ment with​out wast​ing any time. So the re​quire​ment of rapid non​in ​va​sive de​tec​tion of can ​-
cer has dri​ven the re​searchers to de​velop in ​stru​ments that would iden ​tify can ​cer early with​out an in ​va​sive tech ​nique. This
lead to the de​vel​op​ment of biosen ​sors for non​in ​va​sive early de​tec​tion of can ​cer (Devi & Laskar, 2018).

15.2 Biomarker for gastric cancer
Re​searchers and sci​en ​tist from all around the world have turned their at​ten ​tion to the non​in ​va​sive di​ag ​no​sis of can ​cer us ​ing
can ​cer bio ​mark ​ers due to nu​mer ​ous draw ​backs of the in ​va​sive process of can ​cer de​tec​tion (Devi & Laskar, 2018; Gross ​-
mann, Ave ​nar ​ius, Mast ​boom, & Klaase, 2010; Wu & Qu, 2015). Can ​cer bio ​mark ​ers are es ​sen​tial in ​di​ca​tors of can ​cer
sta​tus (Kar ​ley, Gupta, & Ti ​wari, 2011). They are uti​lized not only to an ​a​lyze and mon ​i​tor dis ​ease but also to pro ​vide a
prog ​nos ​tic ap ​proach to deal with treat​ment (Chat ​ter ​jee & Zetter, 2005; Mayeux, 2004). The Na​tional Can ​cer In ​sti​tute
(NCI) (Park, Ross, Klagholz, & Be ​vans, 2018) de​fines a bio ​marker as “a bi​o​log ​i​cal mol​e​cule found in blood, other body
flu ​ids, or tis ​sues that is a sign of a nor ​mal or ab ​nor ​mal process or a con ​di​tion or dis ​ease.” A bio ​marker may be used to see
how well the body re​sponds to a treat​ment for a dis ​ease or con ​di​tion (Bio ​mark ​ers De ​f ​i ​n ​i ​tions Work ​ing Group, 2001).
Bio ​mark ​ers can be of sev​eral mol​e​c​u​lar ori​gins, count​ing DNA (i.e., spe​cific mu ​ta​tion, translo ​ca​tion, am​pli​fi​ca​tion, and loss
of het​erozy ​gos ​ity), RNA, or pro ​tein (i.e., hor ​mone, an ​ti​body, onco ​gene, or tu ​mor sup​pres ​sor). The ex ​is ​tence of bio ​mark ​ers
in blood or some other body fluid con ​firms the pres ​ence of can ​cer cells in the body (Tothill, 2009). There are dif ​fer ​ent bio ​-
mark ​ers for dif ​fer ​ent types of can ​cers (Meyer & Rustin, 2000; Smith, Humphrey, & Cat ​alona, 1997; Tothill, 2009).
The max ​i​mum of these bio ​mark ​ers still has to ex ​hibit ad ​e​quate sen​si​tiv ​ity and speci​ficity for trans ​la​tion into rou ​tine clin ​i​cal
use or treat​ment mon ​i​tor ​ing. This is an area that biosen ​sor tech ​nol​ogy can im​prove upon (Bo ​hu ​nicky & Mousa, 2011).

There are sev​eral bio ​mark ​ers avail​able for the early di​ag ​no​sis of gas ​tric can ​cer (Fu, 2016). Fig. 15.1 dis ​plays the sum​-
mary of gas ​tric can ​cer bio ​mark ​ers. Serum pro ​tein bio ​mark ​ers of gas ​tric can ​cer are gas ​tric tis ​sue spe​cific or re​lated to gas ​tric-
spe​cific in ​fec​tions and di​vided into two types: gas ​tric can ​cer-spe​cific mark ​ers, and gen ​eral tu ​mor mark ​ers. Pro​teins such as
pepsino ​gen I (PGI or PGA), pepsino ​gen II (PGII or PGC), and gas ​trin 17 are con ​sid​ered spe​cific mark ​ers of gas ​tric can ​cer ​
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FIGURE 15.1 Sum​mary of gas ​tric can ​cer bio ​marker.

be​cause of their gas ​tric spe​cific gene ex ​pres ​sion (Hal ​lis ​sey, Dunn, & Field ​ing, 1994; Sh ​iotani et al., 2005). An​ti​bod​ies
linked to gas ​tric spe​cific in ​fec​tions such as H. Pylori, CagA, and an ​tipari​etal cell an ​ti​bod​ies, which re​flect cur ​rent or past
gas ​tric in ​fec​tions as ​so​ci​ated with gas ​tric can ​cer growth, are use​ful bio ​mark ​ers for as ​sess​ing gas ​tric can ​cer risk (Kaise et al.,
2013; Kikuchi, Crab ​tree, For ​man, & Kuro ​sawa, 1999; Sugiu et al., 2006). Many pro ​teins are re​garded as gas ​tric can ​-
cer screen ​ing mark ​ers, al​though most of them are not gas ​tric can ​cer spe​cific. These pro ​teins com​prise car ​ci​noem​bry ​onic
anti​gen (CEA), pyru ​vate M2 ki​nase, can ​cer anti​gen 125 (CA125), can ​cer anti​gen 19-9 (CA19-9), Al​pha-fe​to ​pro ​tein (AFP),
serum amy ​loid A, macrophage mi​gra​tion in ​hibitory fac​tor, lep ​tin, dick ​kopf (Dkk), ol​fac​tomedin 4, VAP-1, UPA, cathep ​sin
B, HMW kinino ​gen, P53 an ​ti​body, cy ​tok ​er ​atin 18, Re​gIV, IPO-38, S100A6, throm​bin light chain, fib ​rinopep ​tide A, an ​-
giopoi​etin-like pro ​tein 2 (Capelle et al., 2009; Chan et al., 2007; Ebert et al., 2005, 2006; Gao, Xie, Ren, & Yang,
2012; Ghosh et al., 2013; Hao et al., 2008; Har ​beck et al., 2008; Her ​szenyi et al., 2008; Ick et al., 2004; Ka ​plan et
al., 2014; Ku ​mar, Tapuria, Kir ​mani, & David ​son, 2007; Lee et al., 2012; Liu, Sheng, & Wang, 2012; Mi ​tani et al.,
2007; Sup ​piah & Green ​man, 2013; Tas, Karab ​u ​lut, Ser ​ilmez, Ciftci, & Du ​rany ​ildiz, 2014; Umemura et al., 2011;
Yu, Wang, & Chen, 2011; Zhang, Zhang, Jiang, & Zhang, 2014). Among them, car ​ci​noem​bry ​onic anti​gen (CEA) and
can ​cer anti​gen 19–9 (CA19–9) are most com​monly used. CEA was firstly rec​og​nized by Gold and Freed ​man in 1965 (Gold
& Freed ​man, 1965) and was first used for the di​ag ​no​sis of early gas ​tric can ​cer in 1980 (Tat ​suta et al., 1980). CEA is cur ​-
rently re​garded as the most valu ​able serum pro ​tein marker for iden ​ti​fy ​ing pa​tients at risk of de​vel​op​ing gas ​tric can ​cer and
for the di​ag ​no​sis of early-stage gas ​tric can ​cer (Jin, Jiang, & Wang, 2015). CEA was ob​served to im​prove colon car ​ci​noma
cells’ metas ​ta​sis with its sialo​fu ​co ​sy​lated gly ​co ​forms which func​tion as se​lect​ing lig ​ands (Deng et al., 2015; Kikuchi et
al., 1999). CEA is pro ​duced in a high amount of car ​ci​no​mas in nu​mer ​ous dif ​fer ​ent or ​gans (Kikuchi et al., 1999; Ku ​mar
et al., 2007). CEA sig​nif ​i​cantly af ​fects the tu ​mor prog ​no​sis be​cause of its ef ​fect on tu ​mor metas ​ta​sis and may be con ​nected
with gas ​tric can ​cer prog ​no​sis. Gas​tric can ​cer pa​tients show ex ​panded CEA lev ​els, which are as ​so​ci​ated with pa​tient sur​vival
based on an or ​ga​nized analy ​sis of serum mark ​ers for gas ​tric can ​cer (Sugiu et al., 2006). As per lit​er ​a​ture, pre​op​er ​a​tive
CEA lev ​els could pre​dict gas ​tric can ​cer (Ick et al., 2004; Schnei ​der & Schulze, 2003), yet few re​ports deny this thought
(Chan et al., 2007; Ku ​mar et al., 2007; Moshkovskii, 2012). There is still dis ​cus ​sion en ​com​pass ​ing gas ​tric can ​cer pa​-
tients’ prog ​no​sis with ex ​panded CEA lev ​els (Gao et al., 2012; Lee et al., 2012). Hence​forth, it is im​por ​tant to build up a
state-of-the-art, highly spe​cific, and sen​si​tive CEA de​tec​tion tech ​nique for clin ​i​cal ex ​am​i​na​tion and di​ag ​nos ​tics (Tao, Du,
Cheng, & Li, 2018). CA19–9 is a gly ​co ​pro ​tein highly as ​so​ci​ated with ma​lig ​nant tu ​mors and a com​monly used marker in
gas ​troin ​testi ​nal can ​cer; how ​ever, it is pre​sent in some can ​cer types, par ​tic​u​larly pan ​cre​atic, col​orec​tal, and gas ​tric can ​cer.
The CA 199 test com​bined with the CEA test is a ben ​e​fi​cial aide for ob​serv ​ing car ​ci​noma of the stom​ach; though, the sen​si​-
tiv ​ity of per ​form​ing these tests con ​cur ​rently is sim​i​lar to per ​form​ing the CEA test alone in gas ​tric car ​ci​noma (Szy ​mendera,
1986).

War ​burg ef ​fect (i.e., can ​cer cells’ de​pen ​dence on gly ​col​y​sis for en ​ergy and nor ​mal cell de​pen ​dence on ox​ida​tive phos ​-
pho​ry ​la​tion) is the most im​por ​tant dif ​fer ​ence be​tween can ​cer cells and nor ​mal cells (Van ​der Hei ​den, Cant ​ley, & Thomp ​-
son, 2009; Lib ​erti & Lo ​casale, 2016). In gas ​tric pa​tien ​t’s serum or tis ​sue sam​ples, level of lac​tate which is a re​sult of glu ​-
cose gly ​col​y​sis was found to in ​crease con ​stantly (Ab ​bassi-Ghadi et al., 2013; Hi ​rayama et al., 2009). Be​sides, can ​cer
cells have a high pro ​tein syn​the​sis rate. Hence, in gas ​tric can ​cer pa​tients, nu​mer ​ous meta​bolic stud​ies showed an in ​crease of
amino acids; for ex ​am​ple, glycine, as ​paragine, me​thio ​n​ine, ty ​ro ​sine, and as ​par ​tate. More​over, can ​cer cells have a high nu​-
cleotide syn​the​sis rate for the grow ​ing de​mands of DNA syn​the​sis and DNA re​pair. Re​ports also sug​gested al​tered nu​-
cleotide metabo ​lites in a cer ​tain type of can ​cers. Some of the re​searchers stud​ied the fatty acid me​tab ​o​lism metabo ​lites in
gas ​tric can ​cer pa​tients. Though both in ​creased fatty acid syn​the​sis (FASN) and fatty acid ox​i​da​tion (CP ​T1A) have been re​-
lated to can ​cer growth. Fatty acid ox​i​da​tion metabo ​lites, such as β-hy​drox ​y​bu​tyrate and ace​tone, have been rec​og​nized as
pos ​si​ble bio ​mark ​ers of gas ​tric can ​cer (Fu, 2016).
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Usu​ally, RNA is in ​ap ​pro ​pri​ate for can ​cer as bio ​mark ​ers since it is an un​steady species of bio ​mol​e​cules. But cur ​rent re​-
search pro ​posed that cer ​tain serum non-cod ​ing RNA could also be pos ​si​ble gas ​tric spe​cific mark ​ers, for ex ​am​ple, RNA
HULC and H19 were fa​vor ​able novel bio ​mark ​ers in plasma of gas ​tric can ​cer pa​tients (Ab ​bassi-Ghadi et al., 2013). Mi​-
croRNA (miRNA) is a com​par ​a​tively sta​ble type of RNA in the serum. In gas ​tric can ​cer, 21 in ​di​vid ​ual miR ​NAs and six
miRNA clus ​ters are con ​sis​tently up​reg ​u​lated, while miR29c, miR30a5p, miR148a, miR375, and miR638 are usu​ally down​-
reg ​u ​lated (Tat ​suta et al., 1980). The most fre​quently used tu ​mor mark ​ers, such as CEA and CA19–9, have lim​ited ap ​pli​ca​-
tion in early di​ag ​no​sis of gas ​tric can ​cer since they have in ​suf​fi​cient sen​si​tiv ​ity and speci​ficity. Thus, the foun ​da​tion of novel
ro ​bust def ​i​nite bio ​mark ​ers with ad ​e​quate sen​si​tiv ​ity is a per ​fect ap ​proach for im​prov ​ing the early de​tec​tion and the cure rates
for gas ​tric can ​cer pa​tients. Also, these bio ​mark ​ers should be easy to es ​ti​mate and con ​sis​tently linked with clin ​i​cal re​sults.
miR ​NAs are seen as a de​sir​able can ​cer bio ​marker be​cause of the ac​cep ​tance of their part in tu ​mori​ge​n​e​sis. Dis​cov ​ery of
miR ​NAs and the ap ​proval of their role in tu ​mori​ge​n​e​sis and the de​vel​op​ment of var ​i​ous can ​cers have pre​sented them as suit​-
able can ​cer bio ​mark ​ers. There is also de​vel​op​ing ev ​i​dence that miR ​NAs ex ​ist in cells as well as in an as ​sort​ment of body
flu ​ids, count​ing blood, saliva, and urine. Those miR ​NAs that can be found in the cir ​cu ​la​tion sys ​tem are called cir ​cu ​la​tory
miR ​NAs. They are gen ​er ​ally can ​cer-spe​cific, and their ex ​pres ​sion pat​terns are in ​cred ​i​bly com​pa​ra​ble among healthy per ​sons
and pa​tients. The cir ​cu ​la​tory miR ​NAs are re​mark ​ably re​sis​tant to RNase di​ges ​tion, non-phys ​i​o​logic pH val​ues, and high
tem​per ​a​ture. Hence​forth, these miR ​NAs have been con ​sid​ered as a ca​pa​ble bio ​marker for early de​tec​tion of can ​cer
(Danesh ​pour, Omid ​far, & Ghan ​bar ​ian, 2016). But the se​lec​tion of a high ref ​er ​ence gene is an es ​sen​tial el​e​ment in us ​ing
miRNA as a tu ​mor bio ​marker.

Volatile or ​ganic com​pounds (VOCs) re​leased from can ​cer cell me​tab ​o​lism are con ​sid​ered sig​nif ​i​cant mark ​ers for bio ​-
chem​i​cal pro ​ce​dures are hap ​pen ​ing in can ​cer cells. The study of VOCs may be ca​pa​ble of pre​dict​ing and di​ag ​nos ​ing early
can ​cer. Volatile metabo ​lites as ​so​ci​ated with ge​nomics and pro ​teomics rep ​re​sent path ​way feed ​back mech ​a​nisms, which pos ​i​-
tively point out the pos ​si​ble patho ​phys ​i​o​log ​i​cal growth in can ​cer cells. To a cer ​tain point, volatile metabo ​lites em​body the
sta​tus of can ​cer cells. Con​sid​er ​ing volatile bio ​mark ​ers from gas ​tric can ​cer cells and cre​at​ing an ul​tra​sen​si​tive de​tec​tion
method will help early warn ​ing and di​ag ​no​sis of gas ​tric can ​cer (Capelle et al., 2009; Chan et al., 2007; Ebert et al.,
2005, 2006; Gao et al., 2012; Ghosh et al., 2013; Hao et al., 2008; Har ​beck et al., 2008; Her ​szenyi et al., 2008;
Ick et al., 2004; Ka ​plan et al., 2014; Ku ​mar et al., 2007; Lee et al., 2012; Liu et al., 2012; Mi ​tani et al., 2007;
Sup ​piah & Green ​man, 2013; Tas et al., 2014; Umemura et al., 2011; Yu et al., 2011; Zhang et al., 2014).

15.3 Biosensor and gastric cancer
Ev ​i​dence rec​om​mends that a grow ​ing amount of at​ten ​tion have been fo ​cused on de​vel​op​ing rapid tech ​niques named
“biosen ​sor tech ​nol​ogy” for the iden ​ti​fi​ca​tion, de​tec​tion, and check ​ing of hu​man health-re​lated con ​di​tions (Is ​lam & Ud ​din,
2017). A biosen ​sor is an an ​a​lyt​i​cal de​vice used to iden ​tify bi​o​log ​i​cal an ​a​lytes, be it en ​vi​ron ​men ​tal or bi​o​log ​i​cal in the
source (i.e., in ​side the hu​man body). A usual biosen ​sor con ​tains a recog ​ni​tion el​e​ment, a trans ​ducer, and a sig​nal-pro ​cess ​ing
unit (Qian et al., 2019). The sig​nal in the form of an an ​a​lyte is de​tected by a mol​e​c​u​lar recog ​ni​tion com​po​nent con ​verted
into an elec​tri​cal sig​nal by a trans ​ducer (Bo ​hu ​nicky & Mousa, 2011). Cam​mann used the word “biosen ​sor” first (Cam ​-
mann, 1977), and the In ​ter ​na​tional Union of Pure and Ap​plied Chem​istry (IU ​PAC) in ​tro ​duced its de​f ​i​n​i​tion (Thévenot,
Toth, Durst, & Wil ​son, 2001) and Clark and Lyon​sin started biosen ​sor ap ​pli​ca​tion jour ​ney in 1960s (Clark & Lyons,
1962). Biosen ​sors’ ap ​pli​ca​tions for can ​cer di​ag ​no​sis are very promis ​ing for con ​ven ​tional meth ​ods since it pro ​vides bet​ter
per ​for ​mance in terms of speed, flex ​i​bil​ity, au ​toma​tion, and costs (Bal ​aji & Zhang, 2017; Bo ​hu ​nicky & Mousa, 2011;
Jain ​ish & Prittesh, 2017; Li, Li, & Yang, 2012; Mit ​tal et al., 2017; Pasin ​szki, Krebsz, Tung, & Losic, 2017). The
recog ​ni​tion of can ​cer bio ​mark ​ers pre​sent in the blood is the most chal​leng ​ing task be​cause of the low bio ​mark ​ers’ con ​cen ​tra​-
tion in early-stage pa​tients. A biosen ​sor can mea​sure shal​low lev ​els of bio ​mark ​ers in phys ​i​o​log ​i​cal sam​ples, which can help
di​ag ​nose can ​cer at an early stage (Choi, Kwak, & Park, 2010).

Fig. 15.2 demon ​strates the work​ing pro ​ce​dure of biosen ​sors for the de​tec​tion of can ​cer. The process com​prises three key
steps: dis ​cov ​ery of bio ​marker, bio ​marker de​tec​tion with biosen ​sors, and analy ​sis of data. Every stage plays a vi​tal role and
de​cides the out​comes of the biosen ​sor de​vice (Qian et al., 2019).

15.3.1 Role of electrochemical biosensors in early detection of gastric cancer

Among all biosen ​sors, elec​tro ​chem​i​cal sen​sors have been of great in ​ter ​est, mainly be​cause they are sim​ple, portable, sen​si​-
tive, in ​ex ​pen ​sive, and of ​fer a fast re​sponse (Top ​kaya, Az ​imzadeh, & Oz ​soz, 2016). Elec​tro ​chem​i​cal biosen ​sors use elec​-
tro ​chem​i​cal trans ​duc​ers that trans ​fer a bi​o​log ​i​cal en ​tity (i.e., pro ​tein, RNA, and DNA) into an elec​tri​cal sig​nal that can be
an ​a​lyzed and de​tected (Qian et al., 2019; Wang, 2006). Am​per ​o​met​ric and po​ten ​tio ​met​ric trans ​duc​ers are most com​monly ​
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FIGURE 15.2 Work​ing pro ​ce​dure of biosen ​sors for can ​cer di​ag ​no​sis.

used in con ​junc​tion with elec​tro ​chem​i​cal biosen ​sors. In po​ten ​tio ​met​ric de​vices, the an ​a​lyt​i​cal in ​for ​ma​tion is ob​tained by
con ​vert​ing the biorecog ​ni​tion process into a po​ten ​tial sig​nal in con ​nec​tion to the use of ion se​lec​tive elec​trodes (ISE). Am​-
per ​o ​met​ric biosen ​sors op​er ​ate by ap ​ply ​ing a con ​stant po​ten ​tial and mon ​i​tor ​ing the cur ​rent as ​so​ci​ated with the re​duc​tion or
ox​i​da​tion of an elec​troac​tive species in ​volved in the recog ​ni​tion process. An am​per ​o​met​ric biosen ​sor may be more at​trac​tive
be​cause of its high sen​si​tiv ​ity and wide lin ​ear range (Wang, 2006). Elec​tro ​chem​i​cal im​ped ​ance spec​troscopy (EIS), dif ​fer ​-
en ​tial pulse voltam​me​try, square wave voltam​me​try, ca​pac​i​tance mea​sure​ment, and di​elec​trophore​sis spec​troscopy have also
been used to mea​sure biosen ​sor re​sponse to bio ​mark ​ers.

Danesh ​pour et al. (2016) fab ​ri​cated a novel elec​tro ​chem​i​cal nano biosen ​sor us ​ing a dou​ble-spe​cific probe ap ​proach
and a gold-mag ​netic nanocom​pos ​ite as trac​ing tag to de​tect miR-106a gas ​tric bio ​marker. EIS and cyclic voltam​me​try (CV)
ap ​proaches were used to con ​firm the elec​trode’s suc​cess ​ful mod ​i​fi​ca​tion and hy​bridiza​tion with the tar ​get miRNA. For
quan ​tifi​able es ​ti​ma​tion of miR-106a, record ​ing the re​duc​tion peak cur ​rent of gold nanopar ​ti​cles DPV ap ​proach was used.
The pro ​posed biosen ​sor showed no​table se​lec​tiv ​ity, high speci​ficity, lin ​ear ​ity rang ​ing from 1×10  p.m. to 1×10  p.m.,
agree​able stor​age sta​bil​ity, and great per ​for ​mance in real sam​ple in ​ves ​ti​ga​tions and of ​fered a promis ​ing ap ​pli​ca​tion to be
used for med ​ical early de​tec​tion of gas ​tric can ​cer. B. Li et al. (Bal ​aji & Zhang, 2017; Bo ​hu ​nicky & Mousa, 2011; Jain ​-
ish & Prittesh, 2017; J. Li et al., 2012; Mit ​tal et al., 2017; Pasin ​szki et al., 2017) car ​ried out a two-stage cyclic en ​zy ​-
matic am​pli​fi​ca​tion method (CEAM) to de​ter ​mi​nate miRNA-21in in the blood serum of gas ​tric can ​cer pa​tients. The elec​tro ​-
chem​i​cal biosen ​sor ex ​hibits a low de​tec​tion limit of 0.36fM with no​table speci​ficity. Most im​por ​tantly, it can be em​ployed to
study the ex ​pres ​sion level of miRNA in the gas ​tric can ​cer pa​tient blood serum. Tao et al. (2018) de​vel​oped a se​lec​tive and
sen​si​tive sand ​wich-type elec​tro ​chem​i​cal ap ​tasen ​sor based on Pt/​Au/​DN-graphene-CEAapt2-Tb bio ​con ​ju ​gate to de​tect gas ​-
tric can ​cer. The pro ​posed method was demon ​strated to be sen​si​tive, as in ​di​cated by the im​proved elec​tro ​chem​i​cal re​sponse,
since the den ​dritic Pt/​Au/​DN-graphene showed per ​ox​i​dase-mimic ac​tiv ​ity for the re​duc​tion of H O  in ​tro ​duced into the
elec​trolytic cell, thereby con ​firm​ing its de​sir​able catal ​y​sis ca​pac​ity. Since den ​dritic Pt/​Au/​ND-graphene is very con ​duc​tive
and pos ​sesses per ​ox​i​dase-mimic ac​tiv ​ity, the elec​tro ​chem​i​cal re​sponse sig​nal and the charge trans ​fer were pro ​moted through
catal ​y​sis of H O  re​duc​tion in ​tro ​duced into the elec​trolyte cell. Hence, ap ​tasen ​sor was found to en ​hance an ​a​lyt​i​cal ca​pac​ity
and at​tained de​sir​able sen​si​tiv ​ity. Amouzadeh Tabrizi et al. (Amouzadeh Tabrizi, Sham ​sipur, Saber, Sarkar, &
Sherkatkhameneh, 2017) also fab ​ri​cated a sand ​wich type elec​tro ​chem​i​cal ap ​tasen ​sor for the sen​si​tive de​tec​tion of ade​no​-
car ​ci​noma gas ​tric cell AGS can ​cer cells in the pres ​ence of H O  by us ​ing MW​CNT-Au​nano as a nanoplat​forms and the sec​-
ondary ap ​tamer-Au@Ag nanopar ​ti​cles as the la​beled ap ​tamers. The ap ​tasen ​sor was also used in the de​tec​tion of AGS can ​cer
cells in a hu​man serum sam​ple. The de​vel​oped ap ​tasen ​sor showed a wide lin ​ear range and good sta​bil​ity and se​lec​tiv ​ity. Ilie
and Ste ​fan-van Staden (2019) de​vel​oped a graphite paste mod ​i​fied with 2, 6-bis((E)-2-(fu ​ran-2-yl) vinyl)-4-(4,6,8-
trimethy ​lazulen-1-yl) pyri​dine based elec​tro ​chem​i​cal sen​sor for the de​tec​tion L-tryp ​to ​phan gas ​tric can ​cer bio ​marker, which
is an amino acid in real whole blood sam​ples. The pro ​posed gas ​tric can ​cer sen​sor ex ​hibits a high sen​si​tiv ​ity with a low limit
of de​tec​tion. Zhang, et al. (Y. Zhang et al., 2014) de​vel​oped an ul​tra​sen​si​tive elec​tro ​chem​i​cal biosens ​ing in ​ter ​face based on
Au-Ag Al​loy coated MW​C​NTs to de​tect volatile bio ​mark ​ers of gas ​tric can ​cer cells. Re​sults dis ​played that eight var ​i​ous
volatile bio ​mark ​ers were screened out be​tween MGC-803 and GES-1 gas ​tric can ​cer cells. Fig. 15.3 shows cyclic voltam​-
mo ​gram of MWNTs/​AU-Ag/​GCE was ex ​posed to the head space of MGC-803 gas ​tric can ​cer cells, GES-1gas ​tric mu ​cosa
cells, and cell-free medium. The par ​tic​u​lar volatile bio ​mark ​ers of MGC-803 gas ​tric can ​cer cells and the well-adapted elec​-
tro ​chem​i​cal sys ​tem have sub​stan​tial po​ten ​tial in the near fu ​ture for ap ​pli​ca​tions, for ex ​am​ple, screen ​ing and warn ​ing of early
gas ​tric can ​cer. Rah ​man et al. fab ​ri​cated an Ag-Cu bimetal ​lic al​loy nanoscale based elec​tro ​chem​i​cal sen​sor (Rah ​man et al., ​
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FIGURE 15.3 CVs of MWNTs/​AU-Ag/​GCE ex ​posed to the head space of MGC-803 gas ​tric can ​cer cells, GES-1gas ​tric mu ​cosa cells, and cell-
free medium.

2015) for the mon ​i​tor ​ing of 2-bu​tanone. The sen​sor showed the best sens ​ing prop ​er ​ties for the de​tec​tion of 2-bu​tanone with 0.1
 μM de​tec​tion limit. It was ex ​pected that the de​signed sen​sor could ef ​fec​tively be ap ​plied to de​tect the early stages of gas ​tric
and lung can ​cer caused by 2-bu​tanone. Wu and Qu de​vel​oped a novel and sen​si​tive nonen ​zy ​matic sand ​wich type elec​tro ​-
chem​i​cal im​munosen ​sor (Devi & Laskar, 2018; Gross ​mann et al., 2010; L. Wu & Qu, 2015) for the de​tec​tion of gas ​tric
can ​cer bio ​marker CA72–4 us ​ing dumb ​bell-like PtPd-Fe O  nanopar ​ti​cles (NPs). The im​munosen ​sor was fab ​ri​cated by mod ​-
i​fy ​ing the glassy car ​bon elec​trode by rGO-TEPA for ef ​fec​tive im​mo ​bi​liza​tion of pri​mary anti-CA72–4 an ​ti​body, and the sec​-
ondary anti-CA72–4 an ​ti​body was ad ​sorbed onto the PtPd-Fe O  NPs. The pro ​posed im​munosen ​sor showed wide lin ​ear ​ity
rang ​ing from 0.001–10 U/​mL with a low de​tec​tion limit of 0.0003 U/​mL and pos ​sessed out​stand ​ing clin ​i​cal value in can ​cer
screen ​ing along with suit​able point-of-care di​ag ​nos ​tics. To meet the clin ​i​cal de​mands for early de​tec​tion of gas ​tric can ​cer,
Yao et al. (Yao et al., 2015) de​vel​oped a dis ​pos ​able easy-to-use elec​tro ​chem​i​cal mi​croflu ​idic chip com​bined with mul​ti​ple
an ​ti​bod​ies against six kinds of bio ​mark ​ers. The elec​tro ​chem​i​cal mi​croflu ​idic chip showed lin ​ear ​ity rang ​ing from 0.37–90 ng 
mL , 10.75–172 U mL , 10–160 U L , 35–560 ng mL , 37.5–600 ng mL , and 2.5–80 ng mL  for CEA, CA19–9, HP,
P53, PG I, and PG II bio ​mark ​ers, re​spec​tively (Fig. 15.4). This method showed im​proved sen​si​tiv ​ity com​pared with ELISA
re​sults of 394 spec​i​mens of gas ​tric can ​cer sera. The elec​tro ​chem​i​cal mi​crofluid chip is a promis ​ing can ​di​date for early
screen ​ing of gas ​tric can ​cer, ther ​a​peu ​tic eval​u​a​tion, and real-time dy​namic re​view of gas ​tric can ​cer ad ​vance​ment in the near
fu ​ture. Mo ​ham ​mad Shafiee and Parhizkar (2020) suc​cess ​fully fab ​ri​cated Au nanopar ​ti​cles/ ​g-C N  mod ​i​fied elec​tro ​-
chem​i​cal gas ​tric can ​cer biosen ​sor for the de​tec​tion of miRNA. The sen​sor used a hair ​pin locked nu​cleic acids probe and
Zn  func​tion ​al​ized TiP nanos ​pheres la​bels. The sen​sor showed lin ​ear ​ity rang ​ing from 0.6 nM to 6 nM with a limit of de​tec​-
tion to 80 pM. For the de​tec​tion of miR-100 in the sera gas ​tric can ​cer pa​tients, Zhuang, Wan, and Zhang (2021) de​vel​-
oped a rapid, se​lec​tive, and sen​si​tive biosen ​sor based on Au elec​trode (AuE) mod ​i​fied with gold nanopar ​ti​cle (AuNP) which
was at​tached with DNA cap ​ture probes (CPs) (CPs/​AuNP-AuE). The range of de​tec​tion and de​tec​tion limit of the biosen ​sor
for miR-100 was 100 a.m. to 10 p.m. 100 a.m. re​spec​tively.

15.3.2 Role of SPR biosensor in early detection of gastric cancer

In re​cent decades, var ​i​ous op​ti​cal biosen ​sor ap ​proaches have been es ​tab ​lished, count​ing sur​face plas ​mon res ​o​nance (SPR)
(Nel ​son, Grim ​srud, Liles, Good ​man, & Corn, 2001), el​lip ​som​e​try (Ar ​win, Poksin ​ski, & Jo ​hansen, 2004), and quartz
crys ​tal mi​crobal​ance (QCM) (Frank, Elke, Neil, Kenichi, & Yoshio, 1997). Amongst them, the SPR-based method is a
rep ​re​sen​ta​tive type of la​bel-free pro ​ce​dure for check ​ing bio ​mol​e​c​u​lar in ​ter ​ac​tions in a real-time (Nguyen, Park, Kang, &
Kim, 2015). SPR is an op​ti​cal phe​nom​e​non take place in the over ​all in ​ter ​nal re​flec​tion of light at a metal film-liq ​uid in ​ter ​-
face (Van Oss & van Re ​gen ​mor ​tel, 1994; Raether, 1988). At the point when the in ​ci​dent light is com​pletely re​flected, a
part of the in ​ci​dent light mo ​men ​tum named as evanes ​cent wave pen ​e​trates the liq ​uid medium near the metal (gen ​er ​ally Au)​
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FIGURE 15.4 Lin ​ear de​tec​tion ranges of six kinds of bio ​mark ​ers (A) CEA, (B) CA19–9, (C) HP, (D) P53, (E) PG I, and (F) PG II by dif ​fer ​en ​-
tial pulse voltam​me​try.

sur​face. In the thin metal film sur​face, the evanes ​cent wave in ​ter ​acts with lon ​gi​tu ​di​nally os ​cil​lat​ing free elec​trons termed
sur​face plas ​mon. Dur​ing SPR, metal film ab ​sorbed the en ​ergy of in ​ci​dent light, de​creas ​ing the light in ​ten ​sity. While the an ​-
gle of in ​ci​dence is fixed, the res ​o​nance phe​nom​e​non hap ​pens only at an ac​cu ​rately de​fined wave​length, which de​pends upon
the medi​um’s re​frac​tive in ​dex (RI) near the metal sur​face. RI changes in a di​rect ex ​tent to the mass and di​elec​tric per ​mit​tiv ​-
ity of the pre​sent medium. Im​mo ​bi​liza​tion of an ​ti​bod​ies on the metal sur​face causes the cor ​re​spond​ing anti​gen to bond on
the sur​face when it touches the liq ​uid sam​ples. The bind ​ing method can be ob​served via ob​serv ​ing the SPR wave​length
which de​pends on the quan ​tity of an ​ti​body-anti​gen bind ​ing. The SPR biosen ​sor is sen​si​tive to re​frac​tive in ​dex ad ​just​ments
or thick ​ness of bio ​ma​te​ri​als at the in ​ter ​face be​tween a metal thin film and a sur​round ​ing medium. There​fore, us ​ing an ​ti​bod​-
ies pe​cu ​liar to pathogens of in ​ter ​est can mea​sure the num​ber of path ​o​genic bac​te​ria ex ​is ​tents in a sam​ple by quan ​ti​fy ​ing the​
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change in re​frac​tive in ​dex and char ​ac​ter ​ize in ​ter ​ac​tions of bio ​mol​e​cules on the sur​face in real time with​out la​bel​ing (Brock ​-
man, Nel ​son, & Corn, 2000; Fang et al., 2010; Green et al., 2000)

For the early di​ag ​no​sis of gas ​tric can ​cer, Fang et al. (2010) fab ​ri​cated a SPR sen​sor based on the de​tec​tion of MG7-Ag,
a gas ​tric can ​cer-spe​cific tu ​mor-as ​so​ci​ated anti​gen in hu​man sera. The mea​sure​ments con ​tained two cases of healthy blood
donors, nine cases of gas ​tric can ​cer pa​tients, and an MKN45 can ​cer cell lysate sam​ple so​lu ​tion for pos ​i​tive con ​trol. Re​sults
showed the bind ​ing of MG7-Ag onto the sen​sor sur​face was ob​served from SPR spec​tra. The pre​pared SPR biosen ​sor
showed po​ten ​tial for the early di​ag ​no​sis of gas ​tric can ​cer, but the limit of de​tec​tion and mea​sure for can ​cer risk as ​sess​ment
in early di​ag ​no​sis was not con ​firmed. F. Liu (Capelle et al., 2009; Chan et al., 2007; Ebert et al., 2005, 2006; Gao et
al., 2012; Ghosh et al., 2013; Hao et al., 2008; Har ​beck et al., 2008; Her ​szenyi et al., 2008; Ick et al., 2004; Ka ​-
plan et al., 2014; Ku ​mar et al., 2007; Lee et al., 2012; Liu et al., 2012; Mi ​tani et al., 2007; Sup ​piah & Green ​man,
2013; Tas et al., 2014; Umemura et al., 2011; Yu et al., 2011; Zhang et al., 2014) used sur​face plas ​mon res ​o​nance
phase sens ​ing to de​tect EGFR on ac​tive hu​man gas ​tric can ​cer BGC823 cells. The re​sults showed that the SPR phase sens ​ing
is pro ​fi​cient of real-time recog ​ni​tion of mol​e​c​u​lar in ​ter ​ac​tions and cel​lu ​lar re​sponses on liv ​ing cells. It also pro ​posed that
more stud​ies on the mech ​a​nism and method might let SPR sens ​ing be​come a use​ful tool for the es ​sen​tial re​search of cell bi​-
ol​ogy, yet also for med ​ical di​ag ​no​sis and drug de​vel​op​ment.

15.3.3 Role of surface- ​enhanced Raman spectroscopy sensor in early detection of gastric cancer

Amongst op​ti​cal nano biosen ​sors, those es ​tab ​lished on sur​face-en ​hanced Ra​man scat​ter ​ing (SERS) spec​troscopy have been
draw ​ing sig​nif ​i​cant at​ten ​tion. It is be​cause of the com​bi​na​tion of the in ​trin ​sic pre​rog ​a​tives of the tech ​nique, such as struc​-
tural speci​ficity and sen​si​tiv ​ity, and the high de​gree of mod ​i​fi​ca​tion in nano-man ​u​fac​tur ​ing, which trans ​lates into con ​sis​tent
and ro ​bust real-life ap ​pli​ca​tions. In SERS, the ex ​ci​ta​tion of lo ​cal​ized sur​face plas ​mon res ​o​nances (LSPR) at the sur​face of
nanos ​truc​tured met​als with light in ​duces the mas ​sive in ​ten ​si​fi​ca​tion of the Ra​man scat​ter ​ing from mol​e​cules lo ​cated close to
the metal​lic sur​face. This ef ​fect yields an ul​tra​sen​si​tive plas ​mon-en ​hanced spec​tro ​scopic tech ​nique that re​tains Ra​man spec​-
troscopy’s in ​trin ​sic struc​tural speci​ficity and ex ​per ​i​men ​tal flex ​i​bil​ity. As im​pres ​sive ad ​vances in in ​stru​men ​ta​tion and
nanofab ​ri​ca​tion tech ​niques en ​abling the en ​gi​neer ​ing of finely tuned plas ​monic nano ​ma​te​ri​als con ​tinue, SERS is pro ​gres ​-
sively ex ​pand ​ing into the realm of vi​able bio ​med ​ical ap ​pli​ca​tions (Guer ​rini & Al ​varez-Puebla, 2019).

There are 14 VOC bio ​mark ​ers in hu​man breath used for dif ​fer ​en ​ti​at​ing gas ​tric can ​cer pa​tients from healthy per ​sons.
Chen et al. (2016) fab ​ri​cated a SERS sen​sor based on breath analy ​sis to iden ​tify VOC bio ​mark ​ers to dis ​tin ​guish EGC and
AGC can ​cer pa​tients from healthy per ​sons. They pre​pared a clean SERS sen​sor us ​ing hy​drazine va​por ad ​sorbed in graphene
ox​ide (GO) film by in situ for ​ma​tions of gold nanopar ​ti​cles (AuNPs) on re​duced GO (RGO) de​prived of any or ​ganic sta​bi​-
lizer. The SERS sen​sor ef ​fec​tively an ​a​lyzed and dis ​tin ​guished var ​i​ous sim​u​lated breath sam​ples and 200 breath sam​ples of
med ​ical pa​tients with over 83% and 92% sen​si​tiv ​ity and speci​ficity, re​spec​tively. Yun ​sheng Chen et al. (2018) fab ​ri​cated
non-in ​va​sive, cheap, fast SERS sen​sors based on sali​vary analy ​sis to screen early and ad ​vance gas ​tric can ​cer pa​tients. The
de​vel​oped graphene ox​ide nano ​scrolls wrapped with gold nanopar ​ti​cle (A/​GO NSs)-based SERS sen​sors de​tect the bio ​mark ​-
ers in 220 clin ​i​cal liq ​uid saliva. These sen​sors suc​cess ​fully an ​a​lyzed and dis ​tin ​guished var ​i​ous stim​u​lated and med ​ical pa​-
tients’ sam​ples with sen​si​tiv ​ity and speci​ficity greater than 80% and 87.7%, re​spec​tively. For the de​tec​tion of miR-34a bio ​-
marker, Lee et al. (Capelle et al., 2009; Chan et al., 2007; Ebert et al., 2005, 2006; Gao et al., 2012; Ghosh et al.,
2013; Hao et al., 2008; Har ​beck et al., 2008; Her ​szenyi et al., 2008; Ick et al., 2004; Ka ​plan et al., 2014; Ku ​mar
et al., 2007; Lee et al., 2012; Liu et al., 2012; Mi ​tani et al., 2007; Sup ​piah & Green ​man, 2013; Tas et al., 2014;
Umemura et al., 2011; Yu et al., 2011; Zhang et al., 2014) fab ​ri​cated a uni​form, highly ro ​bust, and ul​tra-sen​si​tive sur​-
face-en ​hanced Ra​man scat​ter ​ing sub​strate by us ​ing sil​ver nanos ​truc​tures grown in gold nanobowls (SGBs). They were ac​-
com​plished by con ​sis​tent and di​rect de​tec​tion of miR-34a in hu​man gas ​tric can ​cer cells by ap ​ply ​ing the ad ​van ​tages of SGBs
in SERS sens ​ing. An es ​sen​tial chemokine named in ​ter ​leukin 8 (IL-8) plays a vi​tal part in tu ​mor growth and an ​gio ​gen ​e​sis
and has been found in var ​i​ous hu ​man tu ​mors, count​ing gas ​tric and breast can ​cer. Zhen-yu Wang et al. (Qian et al., 2019;
Wang, 2006) fab ​ri​cated a dou​ble an ​ti​body sand ​wich for ​mat-based SERS im​munosen ​sor for the de​ter ​mi​na​tion of IL-8. The
im​munosen ​sor showed high sen​si​tiv ​ity, se​lec​tiv ​ity, and low de​tec​tion lim​its for the de​tec​tion of IL-8 in PBS and hu​man
serum, hence, pro ​vid ​ing a great pos ​si​bil​ity for ap ​pli​ca​tion in clin ​i​cal di​ag ​no​sis.

15.3.4 Role of GMI- ​based biosensing system in early detection of gastric cancer

In re​cent times, the gi​ant mag ​ne​toim​ped ​ance (GMI) ef ​fect has at​tracted con ​sid​er ​able at​ten ​tion due to its pos ​si​ble ap ​pli​ca​tion
in mag ​netic field sens ​ing (Wang et al., 2017). The GMI ef ​fect is the change of com​plex im​ped ​ance of soft mag ​netic ma​te
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ri​als con ​vey ​ing al​ter ​nat​ing cur ​rent upon the use of the ex ​ter ​nal mag ​netic field in Beach and Berkowitz (1994), Kno ​bel
and Pirota (2002), Phan and Peng (2008), and Pan ​ina and Mohri (1994)

Kurlyand ​skaya et al. (2003) in ​tro ​duced a GMI sen​sor into the field of biosen ​sors. A GMI-based biosens ​ing sys ​tem
link ​ing with the mag ​netic la​beled tech ​nol​ogy was used to dis ​tin ​guish gas ​tric can ​cer cells (Chen et al., 2016). For the recog ​-
ni​tion of func​tional nanopar ​ti​cles-probed gas ​tric can ​cer cells, Lei Chen et al. (2011) planned, fab ​ri​cated, and tested a GMI-
based biosens ​ing sys ​tem with a Co-based rib ​bon sens ​ing el​e​ment. Func​tion ​al​ized nanopar ​ti​cles were struc​tured by coat​ing
Fe O  with chi​tosan and con ​ju ​gat​ing with cyclic RGD pep ​tides. This fab ​ri​cated sys ​tem can rec​og​nize the dis ​sim​i​lar ​i​ties
among tar ​geted and non​tar ​geted cells.

15.3.5 Other types of biosensor in early detection of gastric cancer

Dif​fer ​ent types of biosen ​sors can also de​tect gas ​tric can ​cer re​lated bio ​mark ​ers. Ste​fan-van Staden et al. (Ste ​fan-Van
Staden, Ilie-Mi ​hai, Pogacean, & Pruneanu, 2019) de​vel​oped an ex ​fo ​li​ated graphene (E-NGr) based high sen​si​tive sto​-
chas ​tic sen​sor used for pat​tern recog ​ni​tion of CEA, CA19-9, and p53 in whole blood and urine sam​ples of pa​tients found in
very early and later gas ​tric can ​cer stages.

15.4 Conclusion and future perspectives
Due to the nu​mer ​ous lim​i​ta​tions in con ​ven ​tional de​tec​tion meth ​ods of can ​cer, sci​en ​tists and re​searchers are show ​ing their at​-
ten ​tion to biosen ​sors’ de​vel​op​ment for ef ​fec​tive rapid non​in ​va​sive de​tec​tion of can ​cer mark ​ers. In the body, pres ​ence of can ​-
cer cells is con ​firmed by can ​cer mark ​ers. These mark ​ers ex ​ist in saliva, blood, or some other body flu ​ids. As a com​plex het​-
ero ​ge​neous dis ​ease, gas ​tric can ​cer is one of the most widely rec​og​nized ma​lig ​nan ​cies around the world. Gas​tric ma​lig ​nant
growth is the fifth most reg ​u​lar kind of dis ​ease and the sub​se​quent dri​ving rea​son for the third lead ​ing ma​lig ​nant growth-re​-
lated mor ​tal​ity (ac​counted for 8.2%) over ​all (Sitarz et al., 2018; Zhou et al., 2018). Early gas ​tric can ​cer can be cured
with surgery. In con ​trast, ad ​vanced gas ​tric can ​cer of ​ten needs com​bined mul​ti​dis ​ci​pli​nary ther ​apy, and de​layed di​ag ​no​sis and
in ​ad ​e​qua​cies of the stag​ing sys ​tem may in ​crease mor ​tal​ity. There​fore, it is very de​mand ​ing to de​velop a rapid and non​in ​va​-
sive di​ag ​no​sis tech ​nique to re​al​ize early de​tec​tion of gas ​tric can ​cer and si​mul​ta​ne​ous stag​ing. Con​se​quently, it is chal​leng ​ing
to cre​ate a rapid and non​in ​va​sive di​ag ​no​sis tech ​nique to re​al​ize early de​tec​tion of gas ​tric can ​cer and si​mul​ta​ne​ous stag​ing.
Early de​tec​tion of gas ​tric can ​cer promi​nently in ​creases the prob ​a​bil​i​ties for ef ​fec​tive treat​ment and sur​vival rates of can ​cers.
Sev​eral types of biosen ​sors have been pro ​posed to de​tect gas ​tric bio ​mark ​ers and have shown an ex ​cel​lent op​por ​tu ​nity for the
early di​ag ​no​sis of gas ​tric can ​cer.
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