
Cancer Treatment and Research

Volume 195

Series Editor
Steven T. Rosen, Duarte, USA



This book series provides detailed updates on the state of the art in the treatment 
of different forms of cancer and also covers a wide spectrum of topics of current 
research interest. Clinicians will benefit from expert analysis of both standard 
treatment options and the latest therapeutic innovations and from provision of 
clear guidance on the management of clinical challenges in daily practice. The 
research-oriented volumes focus on aspects ranging from advances in basic 
science through to new treatment tools and evaluation of treatment safety and 
efficacy. Each volume is edited and authored by leading authorities in the topic 
under consideration. In providing cutting-edge information on cancer treatment 
and research, the series will appeal to a wide and interdisciplinary readership. The 
series is listed in PubMed/Index Medicus.



Sumel Ashique 
Farzad Taghizadeh-Hesary 
Biplab Debnath  •  Ayush Madan
Editors

Cancer Metabolism
Molecular Mechanisms and Therapeutic 
Strategies



Editors
Sumel Ashique 
Pharmaceutical Technology
Bharat Technology
Howrah, West Bengal, India

Biplab Debnath 
Pharmaceutical Technology
Bharat Technology
Howrah, West Bengal, India

Farzad Taghizadeh-Hesary 
Breast Cancer Research Center
Iran University of Medical Sciences
Tehran, Iran

Ayush Madan
Biotechnology Department, School of 
Research and Technology
People’s University
Bhopal, Madhya Pradesh, India

ISSN 0927-3042	         ISSN 2509-8497  (electronic)
Cancer Treatment and Research
ISBN 978-3-032-21860-5        ISBN 978-3-032-21861-2  (eBook)
https://doi.org/10.1007/978-3-032-21861-2

© The Editor(s) (if applicable) and The Author(s), under exclusive license to Springer Nature 
Switzerland AG 2026

This work is subject to copyright. All rights are solely and exclusively licensed by the Publisher, whether 
the whole or part of the material is concerned, specifically the rights of translation, reprinting, reuse of 
illustrations, recitation, broadcasting, reproduction on microfilms or in any other physical way, and trans-
mission or information storage and retrieval, electronic adaptation, computer software, or by similar or 
dissimilar methodology now known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this publica-
tion does not imply, even in the absence of a specific statement, that such names are exempt from the 
relevant protective laws and regulations and therefore free for general use.
The publisher, the authors and the editors are safe to assume that the advice and information in this book 
are believed to be true and accurate at the date of publication. Neither the publisher nor the authors or the 
editors give a warranty, expressed or implied, with respect to the material contained herein or for any 
errors or omissions that may have been made. The publisher remains neutral with regard to jurisdictional 
claims in published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Switzerland AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland

If disposing of this product, please recycle the paper.

https://orcid.org/0000-0003-4362-2830
https://orcid.org/0000-0002-3908-8121
https://orcid.org/0000-0002-6195-2203
https://doi.org/10.1007/978-3-032-21861-2


v

Contents

	1	 ��Introduction to Cancer Metabolism . . . . . . . . . . . . . . . . . . . . . . . . . . . .     1
Gomathi Mohan, Mukesh Meena, Manzer H. Siddiqui, 
Gaurav Raturi, Pracheta Janmeda, and Priya Chaudhary

	2	 ��The Warburg Effect and Aerobic Glycolysis in Tumors . . . . . . . . . . . .   21
Bhupender Nehra, Sourabh Suthar, Rishabh Kasnia, 
Sunaina Demiwal, Mohini Mondal, Himanshu Sharma, 
and Naheed Mojgani

	3	 ��Glutamine Metabolism: Role in Cancer Cell Proliferation and 
Survival  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   45
Aganta Chakraborty, Sanket Pramanik, Shrabasti Mullick, 
Rajarshi Nath, Mohini Mondal, Radheshyam Pal, Sumel Ashique, 
and Mayukh Jana

	4	 ��Lipid Metabolism and Oncogenesis  . . . . . . . . . . . . . . . . . . . . . . . . . . . .   79
Mirunalini Gobinath, Pratik Phalke, Parikshit Roychowdhury, 
Alberto Ouro Villasante, and Naina Mohamed Pakkir Maideen

	5	 ��The Role of Oxidative Stress and Redox Regulation in Cancer . . . . . .   95
Nahid Nafissi, Pedram Fadavi, and Farzad Taghizadeh-Hesary

	6	 ��Mitochondrial Metabolism and Dynamics in Cancer Cells  . . . . . . . . . 109
Pedram Fadavi and Farzad Taghizadeh-Hesary

	7	 ��Metabolic Cross Talk in the Tumor Microenvironment  . . . . . . . . . . . . 121
Chinmay Das, Somya Ranjan Dash, Biswajit Das, 
Subhajit Chatterjee, and Tithi Parija

	8	 ��Metabolic Reprogramming in Cancer Stem Cells . . . . . . . . . . . . . . . . . 155
Gaurav Ranjan, Srijani Dasgupta, Uttam Kumar Mishra, 
Priyashree Sunita, and Shakti Prasad Pattanayak

	9	 ��Targeting Metabolism in Cancer Therapy: Inhibitors and 
Approaches  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 175
Bhabani Shankar Nayak, Bangmayee Dash, Sisir Nandi, 
Nebojša Pavlović, and Mohamed Dkhi

https://doi.org/10.1007/978-3-032-21861-2_1
https://doi.org/10.1007/978-3-032-21861-2_1
https://doi.org/10.1007/978-3-032-21861-2_2
https://doi.org/10.1007/978-3-032-21861-2_2
https://doi.org/10.1007/978-3-032-21861-2_3
https://doi.org/10.1007/978-3-032-21861-2_3
https://doi.org/10.1007/978-3-032-21861-2_3
https://doi.org/10.1007/978-3-032-21861-2_4
https://doi.org/10.1007/978-3-032-21861-2_4
https://doi.org/10.1007/978-3-032-21861-2_5
https://doi.org/10.1007/978-3-032-21861-2_5
https://doi.org/10.1007/978-3-032-21861-2_6
https://doi.org/10.1007/978-3-032-21861-2_6
https://doi.org/10.1007/978-3-032-21861-2_7
https://doi.org/10.1007/978-3-032-21861-2_7
https://doi.org/10.1007/978-3-032-21861-2_8
https://doi.org/10.1007/978-3-032-21861-2_8
https://doi.org/10.1007/978-3-032-21861-2_9
https://doi.org/10.1007/978-3-032-21861-2_9
https://doi.org/10.1007/978-3-032-21861-2_9


vi

	10	 ��Biomarkers of Cancer Metabolism and Therapeutic Response . . . . . . 193
Hamid Tanzadehpanah, Ali Ahmadizad Firouzjaei, Nafiseh Izadi, 
Mona Mansourian, Amir Hossein Esfandiari, Khatere Mokhtari, 
Fatemeh Forouzanfar, Hamed Afkhami, Mahdieh Ameri Shah Reza, 
Mohsen Sheykhhasan, and Hanie Mahaki

	11	 ��Cancer and Immune Cells: A Metabolic Battle in the Tumor 
Microenvironment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 221
Sam Pournezhad, Ramyar Azar, and Farzad Taghizadeh-Hesary

	12	 ��Tools and Technologies for Studying Cancer Metabolism  . . . . . . . . . . 237
Ayush Madan, Subhajit Mandal, Soukat Chandra, Joy Das, 
and Biplab Debnath

	13	 ��Clinical Trials and Translational Advances in Metabolic Targeting . . . .249
Hariharan Thirumalai Vengateswaran, Mohammad Habeeb, 
Huay Woon You, and Ciniraj Raveendran

��Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 267

Contents

https://doi.org/10.1007/978-3-032-21861-2_10
https://doi.org/10.1007/978-3-032-21861-2_10
https://doi.org/10.1007/978-3-032-21861-2_11
https://doi.org/10.1007/978-3-032-21861-2_11
https://doi.org/10.1007/978-3-032-21861-2_11
https://doi.org/10.1007/978-3-032-21861-2_12
https://doi.org/10.1007/978-3-032-21861-2_12
https://doi.org/10.1007/978-3-032-21861-2_13
https://doi.org/10.1007/978-3-032-21861-2_13


vii

Contributors

Hamed  Afkhami  Cellular and Molecular Research Center, Qom University of 
Medical Sciences, Qom, Iran

Sumel  Ashique  Department of Pharmaceutical Technology, Bharat Technology, 
Uluberia, West Bengal, India

Ramyar Azar  Iran University of Medical Sciences, Tehran, Iran

Aganta  Chakraborty  Department of Pharmaceutical Technology, Bharat 
Technology, Uluberia, West Bengal, India

Soukat Chandra  Department of Pharmaceutical Technology, Bharat Technology, 
Uluberia, West Bengal, India

Subhajit Chatterjee  Laboratory of Cellular Oncology, National Cancer Institute, 
National Institute of Health (NIH), Bethesda, MD, USA

Priya  Chaudhary  Centre for Herbal Pharmacology and Environmental 
Sustainability, Chettinad Hospital and Research Institute, Chettinad Academy of 
Research and Education, Chennai, Tamil Nadu, India

Biswajit  Das  Department of Molecular, Cell and Developmental Biology, 
University of California, Santa Cruz, CA, USA

Chinmay Das  School of Biotechnology, Kalinga Institute of Industrial Technology 
Deemed to be University, Bhubaneswar, Odisha, India

Joy  Das  School of Pharmaceutical Sciences, Lovely Professional University, 
Phagwara, Punjab, India

Srijani  Dasgupta  Department of Pharmaceutical Sciences, Jharkhand Rai 
University, Rajaulatu, Namkum, Ranchi, India

Bangmayee Dash  School of Allied and Health Care Sciences, DRIEMS University, 
Cuttack, Odisha, India

Somya  Ranjan  Dash  Cancer Metastasis & Therapeutics Lab, Department of 
Biological Sciences, Indian Institute of Science Education and Research (IISER), 
Berhampur, Odisha, India



viii

Biplab Debnath  Department of Pharmaceutical Technology, Bharat Technology, 
Uluberia, West Bengal, India

Sunaina Demiwal  Department of Pharmaceutical Sciences, Lord Shiva College of 
Pharmacy, Sirsa, Haryana, India

Mohamed  Dkhi  Department of Zoology and Entomology, Faculty of Science, 
Helwan University, Helwan, Egypt

Amir  Hossein  Esfandiari  Antimicrobial Resistance Research Center, Basic 
Science Research Institute, Mashhad University of Medical Sciences, Mashhad, Iran

Pedram  Fadavi  Breast Cancer Research Center, Iran University of Medical 
Sciences, Tehran, Iran
Department of Radiation Oncology, School of Medicine, Iran University of Medical 
Sciences, Tehran, Iran

Ali  Ahmadizad  Firouzjaei  Bioinformatics Research Center, Basic Sciences 
Research Institute, Mashhad University of Medical Sciences, Mashhad, Iran

Fatemeh  Forouzanfar  Neuroscience Research Center, Mashhad University of 
Medical Sciences, Mashhad, Iran

Mirunalini  Gobinath  Department of Pharmacognosy & Phytopharmacy, JSS 
College of Pharmacy, JSS Academy of Higher Education & Research, Ooty, Tamil 
Nadu, India

Mohammad Habeeb  Department of Pharmaceutics, Crescent School of Pharmacy, 
B.S. Abdur Rahman Crescent Institute of Science and Technology, Chennai, India

Nafiseh Izadi  Antimicrobial Resistance Research Center, Basic Science Research 
Institute, Mashhad University of Medical Sciences, Mashhad, Iran

Mayukh  Jana  Department of Pharmaceutical Technology, Bharat Technology, 
Uluberia, West Bengal, India

Pracheta  Janmeda  Department of Bioscience and Biotechnology, Banasthali 
Vidyapith, Banasthali, Rajasthan, India

Rishabh Kasnia  Department of Pharmaceutical Sciences, Lord Shiva College of 
Pharmacy, Sirsa, Haryana, India

Ayush Madan  Department of Biotechnology, School of Research and Technology, 
People’s University, Bhopal, Madhya Pradesh, India

Hanie  Mahaki  Vascular and Endovascular Surgery Research Center, Mashhad 
University of Medical Sciences, Mashhad, Iran

Naina Mohamed Pakkir Maideen  Clinical Associate Professor of Pharmacology, 
College of Medicine, Mohammed Bin Rashid, University of Medicine and Health 
Sciences, Dubai, UAE
Dubai Health, Dubai, UAE

Contributors



ix

Mona Mansourian  Metabolic Syndrome Research Center, Mashhad University of 
Medical Sciences, Mashhad, Iran

Mukesh  Meena  Laboratory of Phytopathology and Microbial Biotechnology, 
Department of Botany, Mohanlal Sukhadia University, Udaipur, Rajasthan, India

Uttam Kumar Mishra  Department of Chemistry, Birla Institute of Technology, 
Mesra, Ranchi, India

Gomathi  Mohan  Centre for Herbal Pharmacology and Environmental 
Sustainability, Chettinad Hospital and Research Institute, Chettinad Academy of 
Research and Education, Chennai, Tamil Nadu, India

Naheed  Mojgani  Razi Vaccine and Serum Research Institute- Agricultural 
Research, Education and Extension Organization, Karaj, Iran

Khatere Mokhtari  Department of Cell and Molecular Biology and Microbiology, 
Faculty of Biological Science and Technology, University of Isfahan, Isfahan, Iran

Mohini Mondal  Department of Pharmaceutical Technology, Bharat Technology, 
Uluberia, West Bengal, India

Subhajit Mandal  Department of Pharmaceutical Sciences, Faculty of Science and 
Engineering, Dibrugarh University, Dibrugarh, Assam, India

Shrabasti Mullick  Department of Pharmaceutical Technology, Bharat Technology, 
Uluberia, West Bengal, India

Nahid Nafissi  Breast Cancer Research Center, Iran University of Medical Sciences, 
Tehran, Iran

Sisir Nandi  Global Institute of Pharmaceutical Education & Research (GIPER), 
Kashipur, Uttarakhand, India

Rajarshi  Nath  Department of Pharmaceutical Technology, Bharat Technology, 
Uluberia, West Bengal, India

Bhabani Shankar Nayak  KIIT School of Pharmacy, KIMS, KIIT Deemed to be 
University, Bhubaneswar, Odisha, India

Bhupender Nehra  Department of Pharmaceutical Sciences, Guru Jambheshwar 
University of Science & Technology, Hisar, Haryana, India

Radheshyam Pal  Department of Pharmacology, Bengal College of Pharmaceutical 
Technology, Phagwara, West Bengal, India

Tithi Parija  School of Biotechnology, Kalinga Institute of Industrial Technology 
Deemed to be University, Bhubaneswar, Odisha, India

Shakti  Prasad  Pattanayak  Department of Biochemistry, School of Medicine, 
Case Western Reserve University, Euclid Ave, Cleveland, OH, USA

Contributors



x

Nebojša  Pavlović  Department of Pharmacy, Faculty of Medicine, University of 
Novi Sad, Novi Sad, Serbia

Pratik  Phalke  Department of Pharmaceutics, JSS College of Pharmacy, JSS 
Academy of Higher Education & Research, Ooty, Tamil Nadu, India

Sam  Pournezhad  Marcus Stroke and Neuroscience Center, Grady Memorial 
Hospital, Atlanta, GA, USA
Department of Clinical Sciences, Touro University California College of Pharmacy, 
Vallejo, CA, USA

Sanket Pramanik  Department of Pharmaceutical Technology, Bharat Technology, 
Uluberia, West Bengal, India

Gaurav  Ranjan  Department of Pharmacy, School of Health Science, Central 
University of South Bihar, Gaya, Bihar, India

Gaurav  Raturi  Institute of Genomics for Crop Abiotic Stress Tolerance, Texas 
Tech University, Lubbock, TX, USA

Ciniraj  Raveendran  Department of Radiation Oncology, Government Medical 
College Thiruvananthapuram, Thiruvananthapuram, India

Mahdieh  Ameri  Shah  Reza  Cellular and Molecular Research Center, Qom 
University of Medical Sciences, Qom, Iran

Parikshit  Roychowdhury  Department of Pharmaceutics, JSS College of 
Pharmacy, JSS Academy of Higher Education & Research, Ooty, Tamil Nadu, India

Himanshu  Sharma  Teerthanker Mahaveer College of Pharmacy, Teerthanker 
Mahaveer University, Moradabad, India

Mohsen Sheykhhasan  Cellular and Molecular Research Center, Qom University 
of Medical Sciences, Qom, Iran

Manzer H. Siddiqui  Department of Botany and Microbiology, College of Science, 
King Saud University, Riyadh, Saudi Arabia

Priyashree Sunita  Department of Surgery, Case Comprehensive Cancer Centre, 
Case Western Reserve University, Wolstein Research Building, Cleveland, OH, USA

Sourabh Suthar  Department of Pharmaceutical Sciences, Lord Shiva College of 
Pharmacy, Sirsa, Haryana, India

Farzad  Taghizadeh-Hesary  Breast Cancer Research Center, Iran University of 
Medical Sciences, Tehran, Iran
ENT and Head and Neck Research Center and Department, The Five Senses Health 
Institute, School of Medicine, Iran University of Medical Sciences, Tehran, Iran

Hamid Tanzadehpanah  Antimicrobial Resistance Research Center, Basic Science 
Research Institute, Mashhad University of Medical Sciences, Mashhad, Iran

Contributors



xi

Hariharan Thirumalai Vengateswaran  Department of Pharmaceutics, Crescent 
School of Pharmacy, B.S.  Abdur Rahman Crescent Institute of Science and 
Technology, Chennai, India

Alberto  Ouro  Villasante  NeuroAging Laboratory (NEURAL) Group, Clinical 
Neurosciences Research Laboratory (LINC), Health Research Institute of Santiago 
de Compostela (IDIS), Hospital Clínico Universitario, Santiago de Compostela, Spain
Centro de Investigación Biomédica en Red en Enfermedades Neurodegenerativas 
(CIBERNED), Instituto de Salud Carlos III, Madrid, Spain

Huay  Woon  You  Pusat PERMATA@Pintar Negara, Universiti Kebangsaan 
Malaysia, Bangi, Malaysia

Contributors


	Contents
	Contributors

