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Abstract 

Background and aim: Multidrug resistance (MDR) remains an obstacle in cancer treatment. This 

review paper aims to provide a comprehensive overview of the molecular mechanisms underlying 

MDR in cancer and to explore innovative strategies for enhancing drug delivery to overcome this 

challenge. Our goal is to elucidate the latest molecular insights that can inform the development 

of more effective therapeutic approaches.  

Methods: We conducted an extensive literature search using online databases such as PubMed, 

Web of Science, and Scopus. Key terms included "multidrug resistance," "cancer drug delivery," 

"molecular mechanisms," and related variations. Articles published from 2015 to 2023 were 

considered to ensure coverage of recent developments. The inclusion criteria encompassed studies 

focusing on molecular mechanisms of MDR in cancer, innovative drug delivery strategies, and 

relevant preclinical and clinical outcomes. We excluded articles that were not available in English.  

Results: Our analysis highlights the intricate network of molecular mechanisms contributing to 

MDR in cancer. We discuss the potential of combination therapies targeting MDR-associated 

pathways and the promising results of preclinical and clinical studies. Moreover, we present 

advancements in drug delivery systems that enhance drug stability, circulation time, and selective 

targeting of cancer cells, thereby mitigating MDR.  

Conclusion: Molecular insights into the mechanisms of MDR offer opportunities for the 

development of targeted therapies that can sensitize drug-resistant cancer cells. Innovative drug 

delivery systems provide a means to improve drug pharmacokinetics and tumor-specific delivery, 

enhancing therapeutic efficacy. Combining these approaches holds great promise in the battle 

against MDR in cancer treatment. 

Keywords: Multidrug resistance, Cancer, Drug Delivery, Molecular Mechanisms, Therapeutic 

Strategies 
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Introduction 
Cancer, a complex and devastating group of diseases characterized by uncontrolled cell growth 

and invasive tendencies, remains a significant global health challenge. Its occurrence is influenced 

by a combination of genetic, environmental, and lifestyle factors, resulting in diverse 

manifestations across various organs. Significant strides have been achieved in the field of cancer 

treatment, marking a transformative era in the battle against this formidable disease. Over the past 

decades, advancements in scientific research, medical technology, and therapeutic strategies have 

collectively propelled the oncology landscape forward. These breakthroughs encompass a 

spectrum of innovations, ranging from novel drug development and targeted therapies to precision 

medicine approaches that consider the unique genetic signatures of individual tumors. However, 

despite these advances, cancer continues to exert a substantial socio-economic toll, impacting 

individuals, families, and healthcare systems worldwide. The imperative to innovate and enhance 

treatment approaches is underscored by the increasing incidence of cancer, demographic changes, 

and evolving risk factors [1], [2], [3], [4]. 

Multidrug resistance (MDR) refers to the ability of cancer cells, or other microorganisms, to 

develop resistance to multiple drugs, rendering them less susceptible to the effects of various 

therapeutic agents. In the context of cancer, MDR is a significant obstacle to successful 

chemotherapy. Cancer cells may evolve mechanisms to efflux drugs out of the cell, decrease drug 

uptake, or develop alterations in drug targets, all of which contribute to the reduced effectiveness 

of chemotherapy. MDR is a complex and dynamic phenomenon, often involving multiple cellular 

pathways and mechanisms, making it challenging to overcome. Understanding and addressing 

multidrug resistance is crucial for improving the outcomes of cancer treatment and developing 

more effective therapeutic strategies [5]. 

MDR in cancer involves a complex interplay of diverse mechanisms that collectively diminish the 

effectiveness of multiple therapeutic agents. Key mechanisms include the upregulation of ATP-

binding cassette (ABC) transporters, such as P-glycoprotein, leading to increased drug efflux, and 

alterations in membrane transporters affecting drug uptake. Additionally, MDR can result from 

enhanced drug metabolism, changes in drug target expression or functionality, resistance to 

apoptosis, upregulation of DNA repair mechanisms, and the influence of microenvironmental 

factors and epigenetic changes. The existence of cancer stem cells with inherent resistance adds 

another layer to MDR complexity [6]. 

MDR in cancer presents a formidable obstacle, significantly impeding the success of therapeutic 

approaches and diminishing the overall effectiveness of various anticancer treatments. This 

intricate phenomenon, where cancer cells develop resistance to multiple chemotherapeutic agents, 

involves a complex interplay of genetic, epigenetic, and microenvironmental factors. Despite the 

substantial strides made in cancer research and the development of diverse anticancer drugs, the 

persistent emergence of MDR poses a continual challenge to achieving optimal treatment 

outcomes. The adaptability and evolution of cancer cells, enabling them to resist the effects of 

multiple drugs through various mechanisms, underscore the complexity of MDR. This 

phenomenon necessitates a deeper exploration of the underlying molecular pathways to develop 

strategies that can overcome or circumvent drug resistance [7], [8]. 

This study addresses the critical necessity of understanding and MDR in cancer treatment. Despite 

advancements in drug development, MDR remains a significant hurdle, limiting therapeutic 

efficacy. The review aims to fill a gap in the existing literature by providing a consolidated 

resource that integrates molecular insights into practical strategies for enhancing drug delivery 

specifically within the context of MDR. By synthesizing current knowledge, the paper aims to 



 

 F. Arabi / Intl J of BioLife Sciences: 2(2) 261-267, 2023 

 

263 

 

guide future research efforts toward more effective and targeted approaches in cancer therapy, 

fostering advancements that can improve treatment outcomes. 

 

Methods 
A systematic approach is employed, utilizing key terms such as multidrug resistance, cancer drug 

delivery, and molecular mechanisms. The search is conducted on reputable platforms such as 

Google Scholar, PubMed, and Clarivate Analytics. Inclusion criteria prioritize peer-reviewed 

articles in English that are focused on multidrug resistance in cancer, providing molecular insights 

into resistance mechanisms, and discussing strategies for effective drug delivery, including 

nanoparticle and targeted therapy approaches. Exclusion criteria are applied to filter out non-

English publications, non-peer-reviewed sources, and studies lacking relevance to the molecular 

understanding or practical strategies of drug delivery. 

  

Literature Review 
In 2015, a study outlined various strategies employed in both preclinical and clinical settings to 

address cancer multidrug resistance (MDR), including the use of chemosensitizers to sensitize 

cancer cells to chemotherapy and the utilization of nanomedicines as delivery vehicles to enhance 

drug influx into cancer cells, thereby improving therapeutic response in resistant tumors [9]. A 

review study in the same year focused on overcoming multidrug resistance in cancer stem cells, 

discussing strategies such as competitive and allosteric modulators, nanoparticle-mediated 

delivery of inhibitors, targeted transcriptional regulation of ABC transporters, miRNA-mediated 

inhibition, and targeting signaling pathways modulating ABC transporters [10]. Dinic et al. (2015) 

emphasized the role of numerous genes and pathways in the development of MDR in cancer, 

highlighting genetic and epigenetic changes, abnormal tumor vasculature, hypoxia, aerobic 

glycolysis, and decreased susceptibility to apoptosis as key features. The overexpression of the 

efflux transporter P-glycoprotein (P-gp) in MDR cancer cells was identified as a critical factor 

leading to decreased drug uptake and intracellular drug accumulation [11]. A review by Beretta et 

al. (2016) discussed various nanovectors designed for efficient delivery of anticancer drugs and 

their role in overcoming MDR, addressing challenges and opportunities for further development 

of nanodevices-based chemotherapies [12]. Another review in 2016 focused on the current 

literature in nanomedicine for solid cancers and the potential treatment of multidrug-resistant 

cancers, emphasizing the need for a deeper understanding of receptor interactions, nanomedical 

construct physics, and circulation in the body [13]. 

In 2017, Zhang et al. highlighted combination therapy as an effective strategy for overcoming 

MDR, discussing nanotechnology-based codelivery techniques that offer advantages for tumor 

targeting, controlled drug release, and identical drug pharmacokinetic profiles [14]. A review in 

the same year explored novel strategies to prevent the development of MDR in cancer, 

emphasizing the importance of preventing MDR at the onset of chemotherapy treatment to 

improve therapeutic efficacy and patient outcomes [15]. Cui et al. (2018) discussed modulating 

reactive oxidative species (ROS) as an approach to reverse MDR in cancer cells, pointing out that 

compounds modulating cellular ROS levels hold promise for enhancing MDR cancer cell death 

and sensitizing them to chemotherapeutic drugs [16]. In another 2018 review, the focus was on 

polymeric micelles to overcome MDR in tumors, emphasizing the need for fundamental research 

to study the underlying mechanisms and conduct preclinical/clinical testing of micellar 

formulations [17]. 
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A 2019 review highlighted the complexity of MDR in cancer chemotherapy, emphasizing 

strategies to increase drug delivery into cancer cells, such as the inhibition of carbonic anhydrases 

and modulation of MDR proteins [18]. Ye et al. (2019) summarized the potential of flavonoids to 

overcome MDR, discussing their multi-functional role in negatively regulating key factors 

contributing to MDR [19]. In 2020, Majidinia et al. focused on nano-drug delivery systems, 

including various nanoparticles, to overcome the mechanisms of MDR and improve therapeutic 

efficacy in anticancer treatments [20]. A study in the same year reviewed drugs targeting MDR 

and cancer stem cells, discussing limitations and future perspectives [21]. M.F. Gonçalves et al. 

(2020) highlighted natural product-derived compounds, particularly flavonoids and terpenoids, as 

promising modulators of ABC transporters to tackle MDR [22]. 

In 2021, El-Readi et al. underscored the potential of plant secondary metabolites to overcome 

MDR in cancer, highlighting their multi-molecular mechanisms, including interaction with 

membrane proteins and induction of apoptosis [23]. Duan et al. (2021) reviewed the recent 

progress of nanomaterials in medicine, discussing the application of liposomal nanoparticles, 

polymeric nanoparticles, inorganic nanoparticles, and hybrid nanoparticles to overcome cancer 

multidrug resistance [24]. Another 2021 review focused on nanotechnology-based drug delivery 

platforms to enhance the efficiency of chemotherapy and overcome MDR in a synergistic manner, 

detailing different combinatorial strategies [25]. Majerník (2022) discussed the application of 

photodynamic therapy (PDT) in overcoming MDR, emphasizing the potential of nanoparticles to 

enhance therapeutic efficacy [26]. A 2022 study summarized the mechanisms of drug resistance 

and nanoparticle-based strategies to combat drug resistance in cancer, highlighting the potential of 

gene therapy and natural substances [27]. Vaidya et al. (2022) emphasized the need for an 

improved understanding of the molecular mechanisms of MDR and cellular reprogramming to 

combat drug resistance in cancer [28]. 

In a 2023 study, Duan et al. provided a comprehensive overview of reasons, mechanisms, 

nanotherapeutic solutions, and challenges in overcoming cancer MDR, discussing drug efflux 

mechanisms, reduced drug uptake, altered DNA repair, and drug targets [29]. Zhang et al. (2023) 

delved into the molecular mechanisms associated with MDR in cancers, covering protein–protein 

interactions, alternative splicing, non-coding RNA mediation, genome mutations, variance in cell 

functions, and tumor microenvironment influence [30]. 

  

Discussion 
The complex area of study involves the persistent challenge of MDR in cancer therapy, with 

molecular insights into strategies for effective drug delivery being offered. Emphasizing the 

complexity of MDR, which includes diverse genetic, epigenetic, and microenvironmental factors, 

the continuous impediment it poses to optimal treatment outcomes should be underscored despite 

significant advancements in cancer research [31]. Through a systematic review of a wealth of 

literature, the evolution of innovative strategies, such as the use of chemosensitizers, 

nanomedicines, and modulation of reactive oxidative species, is traced by the authors, providing a 

chronological perspective on the dynamic landscape of MDR research [20], [21], [22], [23], [24], 

[25], [26], [27], [28], [29], [32]. The significance of molecular understanding in overcoming MDR 

is highlighted, emphasizing the adaptability and evolution of cancer cells as key factors 

necessitating a deeper exploration of underlying pathways. A promising avenue to enhance drug 

delivery precision emerges with the incorporation of nanotechnology-based approaches and 

combination therapies. Overall, existing knowledge is not only consolidated, but a strategic 
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direction for future research is also set, guiding efforts towards more targeted and effective cancer 

therapies. 

 

Conclusion 
In-depth understanding of the molecular mechanisms underlying multidrug resistance (MDR) 

presents a valuable foundation for the exploration and development of targeted therapies designed 

to sensitize drug-resistant cancer cells. The intricate knowledge gained from molecular insights 

allows for the identification of specific vulnerabilities and resistance mechanisms within cancer 

cells, paving the way for more precise and effective interventions. Concurrently, the advent of 

innovative drug delivery systems has emerged as a pivotal strategy to address the challenges posed 

by MDR. These advanced delivery systems not only optimize drug pharmacokinetics but also 

facilitate tumor-specific delivery, thereby augmenting therapeutic efficacy. By synergistically 

combining the molecular insights into MDR mechanisms with state-of-the-art drug delivery 

technologies, a powerful and comprehensive approach can be formulated. This combined strategy 

holds great promise in revolutionizing cancer treatment by overcoming the formidable barrier of 

MDR, offering new avenues for therapeutic success and improved patient outcomes. 

 

Acknowledgment 
The author expresses gratitude to the GREEN staff for their invaluable assistance and unwavering 

support throughout the course of this work. 

 

Conflict of interests 
The authors declare no conflicts of interest. 

 

References 
[1]. Russo MM, Sundaramurthi T. An Overview of Cancer Pain: Epidemiology and 

Pathophysiology. Semin Oncol Nurs. 2019;35(3):223-8. 

[2]. Lewandowska AM, Rudzki M, Rudzki S, Lewandowski T, Laskowska B. Environmental risk 

factors for cancer - review paper. Ann Agric Environ Med. 2019;26(1):1-7.  

[3]. Avgerinos KI, Spyrou N, Mantzoros CS, Dalamaga M. Obesity and cancer risk: Emerging 

biological mechanisms and perspectives. Metabolism. 2019;92:121-35.  

[4]. de Visser KE, Joyce JA. The evolving tumor microenvironment: From cancer initiation to 

metastatic outgrowth. Cancer Cell. 2023;41(3):374-403. 

[5]. Zahedipour F, Kesharwani P, Sahebkar A. Mechanisms of multidrug resistance in cancer. 

InAptamers Engineered Nanocarriers for Cancer Therapy 2023 (pp. 51-83). Woodhead 

Publishing. 

[6]. Kinnel B, Singh SK, Oprea-Ilies G, Singh R. Targeted Therapy and Mechanisms of Drug 

Resistance in Breast Cancer. Cancers. 2023;15(4):1320. 

[7]. Fedotcheva TA, Shimanovsky NL. Pharmacological Strategies for Overcoming Multidrug 

Resistance to Chemotherapy. Pharmaceutical Chemistry Journal. 2023;56(10):1307-13. 

[8]. Ye J, Wu J, Liu B. Therapeutic strategies of dual-target small molecules to overcome drug 

resistance in cancer therapy. Biochimica et Biophysica Acta (BBA)-Reviews on Cancer. 

2023:188866. 

[9]. Ganoth A, Merimi KC, Peer D. Overcoming multidrug resistance with nanomedicines. Expert 

opinion on drug delivery. 2015;12(2):223-38. 

[10]. Moitra K. Overcoming Multidrug Resistance in Cancer Stem Cells. Biomed Res Int. 



 

 F. Arabi / Intl J of BioLife Sciences: 2(2) 261-267, 2023 

 

266 

 

2015;2015:635745.  

[11]. Dinic J, Podolski-Renic A, Stankovic T, Bankovic J, Pesic M. New approaches with natural 

product drugs for overcoming multidrug resistance in cancer. Current pharmaceutical design. 

2015;21(38):5589-604. 

[12]. L Beretta G, Cavalieri F. Engineering nanomedicines to overcome multidrug resistance in 

cancer therapy. Current Medicinal Chemistry. 2016;23(1):3-22. 

[13]. Friberg S, Nyström AM. NANOMEDICINE: will it offer possibilities to overcome multiple 

drug resistance in cancer?. Journal of Nanobiotechnology. 2016;14(1):1-7. 

[14]. Zhang M, Liu E, Cui Y, Huang Y. Nanotechnology-based combination therapy for 

overcoming multidrug-resistant cancer. Cancer biology & medicine. 2017;14(3):212. 

[15]. Wang J, Seebacher N, Shi H, Kan Q, Duan Z. Novel strategies to prevent the development 

of multidrug resistance (MDR) in cancer. Oncotarget. 2017;8(48):84559. 

[16]. Cui Q, Wang JQ, Assaraf YG, Ren L, Gupta P, Wei L, Ashby Jr CR, Yang DH, Chen ZS. 

Modulating ROS to overcome multidrug resistance in cancer. Drug Resistance Updates. 

2018;41:1-25. 

[17]. Kesharwani SS, Kaur S, Tummala H, Sangamwar AT. Overcoming multiple drug resistance 

in cancer using polymeric micelles. Expert opinion on drug delivery. 2018;15(11):1127-42. 

[18]. Paškevičiūtė M, Petrikaitė V. Overcoming transporter-mediated multidrug resistance in 

cancer: Failures and achievements of the last decades. Drug delivery and translational research. 

2019;9:379-93. 

[19]. Ye Q, Liu K, Shen Q, Li Q, Hao J, Han F, Jiang RW. Reversal of multidrug resistance in 

cancer by multi-functional flavonoids. Frontiers in oncology. 2019;9:487. 

[20]. Majidinia M, Mirza‐Aghazadeh‐Attari M, Rahimi M, Mihanfar A, Karimian A, Safa A, 

Yousefi B. Overcoming multidrug resistance in cancer: Recent progress in nanotechnology and 

new horizons. IUBMB life. 2020;72(5):855-71. 

[21]. Cho Y, Kim YK. Cancer stem cells as a potential target to overcome multidrug resistance. 

Frontiers in Oncology. 2020;10:764. 

[22]. MF Gonçalves B, SP Cardoso D, U Ferreira MJ. Overcoming Multidrug Resistance: 

Flavonoid and Terpenoid Nitrogen-Containing Derivatives as ABC Transporter Modulators. 

Molecules. 2020;25(15):3364.  

[23]. El-Readi MZ, Al-Abd AM, Althubiti MA, Almaimani RA, Al-Amoodi HS, Ashour ML, 

Wink M, Eid SY. Multiple molecular mechanisms to overcome multidrug resistance in cancer by 

natural secondary metabolites. Frontiers in pharmacology. 2021;12:658513. 

[24]. Su Z, Dong S, Zhao SC, Liu K, Tan Y, Jiang X, Assaraf YG, Qin B, Chen ZS, Zou C. Novel 

nanomedicines to overcome cancer multidrug resistance. Drug Resistance Updates. 

2021;58:100777. 

[25]. Zhu YX, Jia HR, Duan QY, Wu FG. Nanomedicines for combating multidrug resistance of 

cancer. Wiley Interdisciplinary Reviews: Nanomedicine and Nanobiotechnology. 

2021;13(5):e1715. 

[26]. Majerník M, Jendželovský R, Vargová J, Jendželovská Z, Fedoročko P. Multifunctional 

nanoplatforms as a novel effective approach in photodynamic therapy and chemotherapy, to 

overcome multidrug resistance in cancer. Pharmaceutics. 2022;14(5):1075. 

[27]. Khan MM, Torchilin VP. Recent Trends in Nanomedicine-Based Strategies to Overcome 

Multidrug Resistance in Tumors. Cancers. 2022;14(17):4123. 

[28]. Vaidya FU, Sufiyan Chhipa A, Mishra V, Gupta VK, Rawat SG, Kumar A, Pathak C. 

Molecular and cellular paradigms of multidrug resistance in cancer. Cancer reports. 



 

 F. Arabi / Intl J of BioLife Sciences: 2(2) 261-267, 2023 

 

267 

 

2022;5(12):e1291. 

[29]. Duan C, Yu M, Xu J, Li BY, Zhao Y, Kankala RK. Overcoming Cancer Multi-drug 

Resistance (MDR): Reasons, mechanisms, nanotherapeutic solutions, and challenges. 

Biomedicine & Pharmacotherapy. 2023;162:114643. 

[30]. Zhang L, Ye B, Chen Z, Chen ZS. Progress in the studies on the molecular mechanisms 

associated with multidrug resistance in cancers. Acta Pharmaceutica Sinica B. 2023;13(3):982-97. 

[31]. Catalano A, Iacopetta D, Ceramella J, Scumaci D, Giuzio F, Saturnino C, Aquaro S, Rosano 

C, Sinicropi MS. Multidrug resistance (MDR): A widespread phenomenon in pharmacological 

therapies. Molecules. 2022;27(3):616. 

[32]. Martinelli C, Biglietti M. Nanotechnological approaches for counteracting multidrug 

resistance in cancer. Cancer Drug Resistance. 2020;3(4):1003. 

 


