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Abstract: Monoclonal antibody (mAb) therapy has revolutionized the treatment of various diseases, 

including cancer and autoimmune disorders. However, the emergence of SARS-CoV-2 variants, as 

well as other pathogenic variants, poses challenges in maintaining the therapeutic efficacy of mAbs. 

In this mini review article, we aim to explore the strategies to overcome variants resistance in mAb 

therapy against viral infections. Firstly, we discuss the mechanisms through which variants can 

evade the neutralizing effects of mAbs. Understanding these mechanisms is crucial in developing 

targeted approaches to combat resistance. Next, we delve into the strategies being pursued to 

address variants resistance. These include developing new mAbs or antibody cocktails that target 

multiple epitopes, engineering mAbs with improved binding affinities or enhanced neutralizing 

capabilities, and exploring alternative therapeutic modalities such as bispecific antibodies or 

antibody-drug conjugates. Furthermore, we highlight the role of computational modeling and 

artificial intelligence in predicting variant escape mutations and aiding in the design of more 

effective mAbs. Additionally, we examine the importance of continuous surveillance and 

monitoring of emerging variants to inform treatment strategies. This article emphasizes the urgent 

need for proactive approaches to tackle variants resistance in mAb therapy. By combining 

innovative design strategies, computational modeling, and vigilant surveillance, we can maintain 

the therapeutic effectiveness of mAbs and stay ahead in the battle against evolving pathogens and 

viral infections. 

Keywords: monoclonal antibodies; variants resistance; bispecific antibodies; engineered antibodies; 

antiviral therapy 

 

1. Introduction 

Monoclonal antibodies (mAbs) are laboratory-produced molecules that mimic the immune 

system’s ability to fight off harmful pathogens. mAbs designated to target specific proteins on the 

surface of cells, which are considered as powerful tools for diagnosing and treating diseases such as 

autoimmune disorders, cancer, and infectious diseases [1]. 

The history of mAbs dates back to the 1970s when scientists discovered that they could produce 

hybrid cells by fusing a cancerous B cell with an antibody-producing cell. These hybrid cells, known 

as hybridomas, could produce large quantities of identical antibodies that target a specific antigen 

[2]. 

The first monoclonal antibody was produced in 1975 by César Milstein and Georges Köhler at 

the Medical Research Council Laboratory of Molecular Biology in Cambridge, England. They used 

hybridoma technology to create an antibody that targeted sheep red blood cells [3]. 

However, researchers developed new techniques for producing mAbs and began using them for 

a variety of applications. In 1986, the first therapeutic mAb was approved by the US Food and Drug 

Administration (FDA) for the treatment of transplant rejection. Since then, mAbs have become an 
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important class of drugs for treating cancer and autoimmune disorders. They work by targeting 

specific proteins on the surface of cancer cells or immune cells, blocking their activity and preventing 

them from causing damage [4]. 

One of the most prominent examples of a therapeutic mAb is Herceptin (trastuzumab), which 

was approved by the FDA in 1998 for the treatment of breast cancer. Herceptin targets a protein called 

HER2/neu that is overexpressed in some types of breast cancer cells [5]. 

The process of creating monoclonal antibodies (mAbs) involves isolating and cloning a single 

type of immune cell (a B cell) that produces a specific antibody. These B cells are then fused with 

cancer cells to create hybridoma cells that can produce large quantities of identical antibodies [6]. 

Monoclonal antibody therapy has become an important tool in treating many diseases, including 

cancer, autoimmune disorders, and infectious diseases. One of the key advantages of this type of 

therapy is its specificity—monoclonal antibodies can be designed to target only the cells or proteins 

that are causing the disease while leaving healthy cells unharmed [7]. 

Monoclonal antibodies have emerged as a promising antiviral therapy in recent years by being 

designed to specifically target and neutralize a particular virus, preventing its entry into host cells 

and halting its replication [8]. Monoclonal antibody therapy has shown great potential in treating 

various viral infections, including COVID-19, by reducing the severity of symptoms and improving 

patient outcomes. This innovative approach offers a targeted and effective strategy to combat viral 

diseases and holds great promise for the future of antiviral therapy. 

The use of mAbs has been successful in treating various diseases such as cancer, autoimmune 

disorders, and infectious diseases like COVID-19. However, recent studies have shown that some 

pathogens can develop resistance to monoclonal antibody therapy [9]. 

The emergence of variant resistance in monoclonal antibody therapy can be attributed to several 

factors. One factor is the genetic variability of viruses. Viruses can mutate and evolve rapidly, leading 

to changes in their surface molecules targeted by monoclonal antibodies [10]. 

Another factor is the selective pressure exerted by monoclonal antibody therapy on viruses. As 

more patients receive this treatment, there is an increased likelihood that some viruses will develop 

resistance over time [11]. 

To address this issue, researchers are exploring new strategies for developing more effective 

mAbs that can overcome variant resistance. One approach is to design antibodies that target multiple 

surface molecules on the virus rather than just one. This would make it harder for the virus to develop 

resistance since it would need to mutate multiple molecules simultaneously [12]. 

Another approach is to combine different types of mAbs with different mechanisms of action. 

This would increase the likelihood of effectively targeting a virus even if it develops resistance to one 

type of antibody [13]. 

This mini-review highlights the importance of understanding the underlying mechanisms of 

resistance and designing new therapeutic approaches that can target these mechanisms. Various 

strategies such as combination therapy, bispecific antibodies, and engineered antibodies are 

discussed in detail. The article also emphasizes the need for continued research in this area to develop 

more effective therapies that can overcome resistance and improve patient outcomes. 

2. Mechanisms of variants resistance in monoclonal antibodies therapy 

Genetic mutations in viral proteins and the development of monoclonal antibodies for antiviral 

therapy are two interrelated aspects of combating viral infections. The interplay between these 

mutations and antibodies highlights the ever-changing nature of antiviral treatment [14]. Scientists 

must adjust monoclonal antibody formulations to accommodate viral mutations, and the selection of 

antibodies may depend on the prevalence of specific variants. In some cases, a combination of 

multiple antibodies with different targets is used to minimize treatment resistance. 

Viral infections, like SARS-CoV-2, often result in the formation of a diverse group of viral 

variants within the human body. This occurs due to the error-prone nature of viral replication. 

Consequently, there is a constant worry that therapeutic interventions may inadvertently favor the 

emergence of resistant strains. Monoclonal antibodies (mAbs), which target specific regions on the 
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surface of the virus, recognize only one epitope each. In individuals with weakened immune systems, 

such as those who are immunocompromised, the initial viral load tends to be higher, and the 

clearance of the virus is often delayed. This combination of factors creates a challenging situation 

where treatment-resistant viral strains are more likely to develop [14]. 

The presence of a quasi-species swarm, coupled with the limited recognition capability of mAbs 

and the compromised immune response in certain individuals, provides an ideal environment for 

the selection and proliferation of resistance mutations. These mutations can render the virus less 

susceptible to the effects of the monoclonal antibody treatment. Consequently, the development of 

treatment-emergent resistance becomes a significant concern in managing viral infections, especially 

in immunocompromised patients with high viral loads [15]. 

Understanding the genetic mutations in viral proteins is crucial for developing effective 

monoclonal antibody-based antiviral therapies. However, the effectiveness of these therapies relies 

on continuous monitoring of viral mutations and the ability to tailor treatments accordingly [15]. 

 
Figure 1. The administration of mAb therapies during SARS-CoV-2 infection promotes the 

selection of escape variants. (A) Following mAb therapy, SARS-CoV-2 infection may yield different 

results when exposed to susceptible viral strains (represented by blue squares and diamonds), 

including the emergence of strains that are resistant to antibodies (depicted as orange circles). (B) 

Infection with a virus that cannot be neutralized by mAb (depicted as orange circles) can further 

diversify viral strains (depicted as orange squares and diamonds), resulting in the development of 

strains capable of evading vaccine-induced immunity and initiating subsequent waves of infection 

within the population. 

2.1. Genetic mutations in target antigens 

The emergence of variants that are resistant to monoclonal antibody therapy has become a 

significant challenge in clinical practice. Understanding the mechanisms of variant resistance is 

crucial for developing effective strategies to overcome this problem [4]. 
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One of the mechanisms of variant resistance in monoclonal antibody therapy is genetic 

mutations in target antigens. Genetic mutations can alter the structure or expression level of target 

antigens, making them less susceptible to monoclonal antibodies [16].  

2.2. Epitope masking 

Another mechanism of variant resistance is epitope masking or conformational changes. Epitope 

masking occurs when a variant antigen undergoes structural changes that prevent monoclonal 

antibodies from binding to their target epitopes [17]. This can happen due to post-translational 

modifications or protein-protein interactions that alter the conformation of the antigen. For example, 

in HIV therapy, variants that escape neutralization by monoclonal antibodies often have mutations 

that cause conformational changes in viral envelope glycoproteins. 

Conformational changes can also occur due to environmental factors such as PH or temperature. 

Monoclonal antibodies may lose their binding affinity when exposed to extreme conditions that alter 

the conformation of their target antigens. This phenomenon has been observed in influenza virus 

therapy, where variants resistant to monoclonal antibodies have been found to have altered 

hemagglutinin structures due to exposure to acidic PH [18]. 

To overcome variant resistance in monoclonal antibody therapy for viral infections, several 

strategies have been proposed. One approach is to develop combination therapies that target multiple 

epitopes or signaling pathways. This can reduce the likelihood of variants escaping therapy by 

targeting multiple vulnerabilities. Another approach is to engineer monoclonal antibodies with 

enhanced binding affinity or specificity for their target antigens [19]. This can be achieved through 

rational design or directed evolution techniques that optimize the antibody-antigen interaction. 

2.3. Increased expression of alternative antigens 

Monoclonal antibody therapy has revolutionized the treatment of various diseases, including 

cancer, autoimmune disorders, and infectious diseases. However, the emergence of variants that are 

resistant to monoclonal antibodies has become a significant challenge in the field of 

biopharmaceuticals. One of the mechanisms of variant resistance is increased expression of 

alternative antigens. 

mAbs are designed to target specific antigens on the surface of cells or pathogens. They bind to 

these antigens and trigger immune responses that lead to cell death or clearance of pathogens [20]. 

However, some variants can escape this mechanism by increasing the expression of alternative 

antigens that are not targeted by the mAb. 

For example, mAbs are used to neutralize viral particles by binding to specific epitopes on their 

surface [21]. However, some viruses can mutate their surface proteins and generate variants that have 

altered epitopes or new ones altogether. These variants can evade the recognition and binding of 

mAbs and continue infecting host cells [22]. 

The increased expression of alternative antigens is a complex process that involves multiple 

factors such as genetic mutations, epigenetic modifications, and environmental cues. It can occur 

through various mechanisms such as gene amplification, transcriptional activation, post-

transcriptional regulation, or protein stabilization. 

To overcome this mechanism of variant resistance, researchers have developed several strategies 

such as combination therapy with multiple mAbs targeting different epitopes or pathways; 

engineering mAbs with higher affinity or broader specificity; using bispecific antibodies that can bind 

to two antigens simultaneously; or using alternative therapies such as small molecules, 

immunotherapies, or gene therapies. 

3. Strategies for overcoming variants resistance in monoclonal antibody therapy 

3.1. Development of bispecific antibodies 

The emergence of variants that are resistant to monoclonal antibodies poses a significant 

challenge to their efficacy. To overcome this challenge, researchers have developed several strategies, 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 6 November 2023                   doi:10.20944/preprints202311.0307.v1

https://doi.org/10.20944/preprints202311.0307.v1


 5 

 

including the development of bispecific antibodies and combination therapy with other drugs or 

antibodies [23]. 

Bispecific antibodies are engineered molecules that contain two different binding sites, each 

specific for a different antigen. This allows them to simultaneously bind to two different targets and 

exert a more potent therapeutic effect [24]. In the context of monoclonal antibody therapy, bispecific 

antibodies can be designed to target both the original antigen and its variants that have emerged due 

to mutations or other mechanisms [25]. 

One strategy for developing bispecific antibodies is to combine two monoclonal antibodies that 

target different epitopes on the same antigen. This approach has been used successfully in the 

treatment of cancer, where bispecific antibodies targeting both CD3 (a T-cell receptor) and a tumor-

associated antigen have shown promising results in clinical trials. By engaging T-cells and redirecting 

them towards cancer cells, these bispecific antibodies can induce tumor cell killing even in the 

presence of variants that are resistant to single-target monoclonal antibodies [26]. 

Another approach for developing bispecific antibodies is to engineer them using recombinant 

DNA technology [27]. This involves fusing two different antibody fragments into a single molecule 

that can bind to two different antigens simultaneously. One example of this approach is the 

development of bispecific T-cell engagers (BiTEs), which are designed to engage T-cells and redirect 

them toward cancer cells expressing specific antigens. BiTEs have shown remarkable efficacy in 

preclinical studies and clinical trials for various types of cancer [28]. 

In addition to targeting variants directly, bispecific antibodies can also be designed to enhance 

immune effector functions such as antibody-dependent cellular cytotoxicity (ADCC) or complement-

dependent cytotoxicity (CDC). For example, a bispecific antibody that targets both CD20 (a B-cell 

antigen) and CD3 has been shown to enhance ADCC and induce potent tumor cell killing in patients 

with non-Hodgkin’s lymphoma [29]. 

3.2. Conjugated antibodies 

Monoclonal antibody therapy, when used in combination with other drugs or antibodies, has 

shown promising results in the field of antiviral therapy. This approach involves the use of 

specifically engineered antibodies that target and neutralize specific viral antigens, thereby inhibiting 

viral replication and spread. By combining monoclonal antibody therapy with other therapeutic 

agents, such as antiviral drugs, the efficacy of treatment can be enhanced, offering a more 

comprehensive approach to combating viral infections [30]. This combination therapy holds great 

potential in the field of antiviral therapy and is an area of active research and development.  

In addition to bispecific antibodies and combination therapy, researchers are also exploring 

other strategies for overcoming resistance to monoclonal antibody therapy. These include the 

development of next-generation monoclonal antibodies that can bind more effectively to their targets 

and the use of immunomodulatory agents that can enhance the immune response against disease-

causing cells [31]. 

3.3. Development of broad-spectrum antibodies 

The development of broad-spectrum antibodies has the potential to provide a versatile and 

effective treatment option against a wide range of viral infections. By targeting conserved regions of 

viral proteins, broad-spectrum antibodies can neutralize multiple strains of a virus, reducing the risk 

of resistance development [32]. This approach holds promise for the prevention and treatment of 

emerging viral diseases, such as the current COVID-19 pandemic, as well as future outbreaks. 

Continued advancements in the development and optimization of broad-spectrum antibodies will 

contribute to the improvement of antiviral therapies and ultimately enhance public health. 

3.4. Engineering of antibodies to target multiple epitopes or antigens 

The emergence of variants or mutations in the target antigen can lead to resistance to monoclonal 

antibody therapy. This resistance can limit the efficacy of the treatment and pose a significant 
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challenge for clinicians. Therefore, strategies for overcoming variants resistance in monoclonal 

antibody therapy are crucial for improving patient outcomes [33]. 

One promising strategy is engineering antibodies to target multiple epitopes or antigens [33]. 

This approach involves designing antibodies that recognize multiple regions on the target antigen or 

different antigens altogether. By targeting multiple epitopes or antigens, these engineered antibodies 

can overcome variants resistance and maintain their efficacy even in the presence of mutations. 

There are several ways to engineer antibodies to target multiple epitopes or antigens. One 

approach is to create bispecific antibodies that bind two different antigens simultaneously. Bispecific 

antibodies can be designed to recognize two different epitopes on the same antigen or two different 

antigens altogether. For example, a bispecific antibody targeting both CD3 and CD19 has shown 

promising results in treating B-cell malignancies [34]. 

Another approach is to create multispecific antibodies that recognize three or more antigens 

simultaneously. Multispecific antibodies can be designed using various formats, including tri-

specific antibodies (trispecifics) and tetraspecific antibodies (tetraspecifics). Trispecifics are 

engineered with three binding domains that recognize three different antigens, while tetraspecifics 

have four binding domains that recognize four different antigens [35]. These multispecific antibodies 

have shown potential in treating complex viral infections and other diseases. 

In addition to bispecific and multispecific antibodies, other engineering approaches can also be 

used to target multiple epitopes or antigens. For example, antibody fragments such as Fab fragments 

and single-chain variable fragments (scFv) can be combined to create bispecific or multispecific 

constructs [36]. Similarly, antibody-drug conjugates (ADCs) can be engineered to target multiple 

antigens simultaneously, combining the specificity of monoclonal antibodies with the other 

therapeutic agents, and antiviral drugs [37].  

4. Case studies on successful overcoming of variants resistance in monoclonal antibody therapy 

Monoclonal antibody therapy has been a promising approach in the treatment of various viral 

infections. However, the emergence of variants that are resistant to monoclonal antibodies has 

become a major challenge in the field. 

In the case of COVID-19 disease, monoclonal antibodies have shown promising results in 

reducing hospitalizations and deaths among high-risk patients. However, the emergence of new 

variants of the SARS-CoV-2 virus has raised concerns about their efficacy. Variants such as B.1.1.7 

(first identified in the UK) [38], B.1.351 (first identified in South Africa) [39], and P.1 (first identified 

in Brazil) [40], have mutations in their spike protein that may reduce the effectiveness of monoclonal 

antibodies. 

Despite these challenges, several case studies have demonstrated the successful overcoming of 

variants resistance in monoclonal antibody therapy for COVID-19 disease treatments. One such case 

study involved a patient who was infected with the B.1.351 variant and received a single infusion of 

bamlanivimab and etesevimab, two monoclonal antibodies developed by Eli Lilly and Company [41]. 

The patient had mild symptoms at baseline but rapidly deteriorated after receiving treatment due to 

viral replication despite having detectable levels of both monoclonal antibodies in their blood. 

However, after receiving a second infusion of bamlanivimab and etesevimab along with an 

additional monoclonal antibody, casirivimab, the patient’s symptoms improved significantly, and 

they were discharged from the hospital within a few days. This case study highlights the importance 

of using multiple monoclonal antibodies with different binding sites to overcome variants resistance. 

In the case of flu, Influenza virus is a highly contagious respiratory pathogen that causes 

seasonal epidemics and occasional pandemics. The virus undergoes frequent mutations, leading to 

the emergence of new strains that can evade the host immune response and become resistant to 

antiviral drugs. Monoclonal antibodies are designed to target specific viral proteins and prevent their 

entry into host cells or neutralize their activity. However, the variability of influenza viruses poses a 

challenge to the development of effective monoclonal antibodies that can recognize multiple strains 

[42]. 
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An approach is to use combinations of monoclonal antibodies that target different epitopes on 

viral proteins. This strategy can increase the breadth and potency of neutralization against multiple 

strains and reduce the risk of resistance development. A study published in Nature Communications 

in 2019 reported the development of two monoclonal antibodies called 5F7 and 3C2 that target 

distinct epitopes on the influenza virus hemagglutinin protein [43]. The researchers found that the 

combination of 5F7 and 3C2 could neutralize a broad range of influenza A and B viruses, including 

those that are resistant to current antiviral drugs. 

In brief, monoclonal antibody therapy has emerged as a promising treatment option for many 

viral infections (Table 1). Despite concerns about variants resistance, several case studies have 

demonstrated successful overcoming of this challenge through the use of multiple monoclonal 

antibodies with different binding sites. These case studies provide hope for the continued efficacy of 

monoclonal antibody therapy in the face of evolving variants of SARS-CoV-2, Influenza, and many 

other viruses. 

Table 1. mAbs that have received approval from the FDA for the prevention or treatment of viral diseases. 

Non-Proprietary Name Target Indication 

Palivizumab RSV F protein 

To prevent severe lower respiratory tract illness in pediatric patients, 

mindful of particular conditions and age restrictions, pertaining to RSV 

(Respiratory Syncytial Virus). 

Ibalizumab 
CD4 (post-attachment 

HIV-1 inhibitor) 

For heavily treatment-experienced adults battling multidrug-resistant 

HIV-1 infection and finding their current antiretroviral regimen 

ineffective, this medication can be used in conjunction with other 

antiretrovirals to treat HIV-1 infection. 

Atoltivimab, Maftivimab, 

Odesivimab-ebgn 

Ebola virus 

glycoprotein 

This medication is used to treat infections caused by Zaire ebolavirus in 

both adult and pediatric patients, including newborns born to a mother 

who tests positive for Zaire ebolavirus infection using RT-PCR. 

Ansuvimab-zykl 
Ebola virus 

glycoprotein 

To address infections caused by the Zaire ebolavirus in both adult and 

pediatric patients, including newborns born to a mother with a positive 

RT-PCR test for Zaire ebolavirus infection. 

5. Future directions and challenges 

Monoclonal antibody therapy has revolutionized the treatment of various viral infections 

diseases. However, the emergence of variants resistance poses a significant challenge to the efficacy 

of monoclonal antibody therapy. Variants resistance occurs when the target antigen undergoes 

mutations that alter its structure and reduce its binding affinity to the monoclonal antibody. This 

article discusses the future directions and challenges of overcoming variants resistance in monoclonal 

antibody therapy for viral infections, including the potential for personalized medicine approaches 

and the need for a better understanding of mechanisms underlying variants resistance. 

One potential approach to overcoming variants resistance is personalized medicine. 

Personalized medicine involves tailoring treatment to an individual’s genetic makeup, lifestyle, and 

environment. In monoclonal antibody therapy, personalized medicine could involve selecting 

antibodies that are specific to an individual’s unique antigen profile [44]. This approach would 

require identifying biomarkers that predict response to specific antibodies and developing assays 

that can measure these biomarkers accurately. Personalized medicine could also involve combining 

different monoclonal antibodies or other therapies to target multiple pathways simultaneously. 

Another approach to overcoming variants resistance is improving our understanding of the 

mechanisms underlying it. Variants resistance can arise from various factors such as changes in 

antigen expression levels or alterations in downstream signaling pathways [45]. Understanding these 

mechanisms could help identify new targets for therapy or develop strategies to prevent or overcome 

variants resistance. For example, researchers could develop antibodies that target multiple epitopes 

on an antigen or use combination therapies that target different pathways simultaneously. 

However, there are several challenges associated with overcoming variants resistance in 

monoclonal antibody therapy. One major challenge is identifying biomarkers that predict response 

to specific antibodies accurately. Biomarker discovery requires large-scale studies involving diverse 
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patient populations and sophisticated analytical techniques such as genomics, proteomics, and 

metabolomics. Another challenge is developing assays that can measure these biomarkers accurately 

and reproducibly across different laboratories. 

Another challenge is developing new technologies for producing monoclonal antibodies that are 

more effective against variants. Current methods for producing monoclonal antibodies involve using 

hybridoma technology or recombinant DNA technology [46]. However, these methods have 

scalability, cost, and variability limitations. New technologies such as phage display or yeast display 

could overcome these limitations by allowing for the rapid screening of large libraries of antibodies 

and selecting those with high affinity and specificity for the target antigen [47]. 

6. Regulatory considerations for approval and use of combination therapies 

The emergence of variants and resistance to monoclonal antibodies has become a significant 

challenge in the field. To overcome this challenge, researchers are exploring new strategies and 

approaches to improve the efficacy of monoclonal antibody therapy. 

One promising approach is the use of combination therapies that target multiple pathways or 

antigens simultaneously. This approach can enhance the therapeutic effect and reduce the likelihood 

of resistance development. However, regulatory considerations for approval and use of combination 

therapies pose significant challenges. 

The regulatory agencies require extensive preclinical and clinical data to demonstrate safety and 

efficacy before approving any new drug or combination therapy. The development process for 

combination therapies is more complex than that for single-agent therapies due to the need for 

additional studies to evaluate drug interactions, dosing regimens, and potential adverse effects. 

Moreover, there are challenges in designing clinical trials for combination therapies. The 

selection of appropriate patient populations, endpoints, and biomarkers is critical to demonstrate 

clinical benefit. Additionally, there may be ethical concerns about exposing patients to multiple drugs 

with unknown interactions or adverse effects. 

To address these challenges, regulatory agencies have developed guidelines for the 

development and approval of combination therapies. These guidelines emphasize the need for a 

comprehensive understanding of drug interactions and safety profiles before initiating clinical trials. 

Furthermore, regulatory agencies encourage collaboration between industry stakeholders and 

academic researchers to facilitate innovation in drug development. This collaboration can help 

identify new targets or pathways that can be targeted with combination therapies. 

7. Conclusion 

Monoclonal antibody therapy has revolutionized the treatment of various diseases, including 

cancer, autoimmune disorders, and infectious diseases. However, the emergence of variants and 

resistance to monoclonal antibodies has posed a significant challenge in clinical practice. In this 

article, we discussed the overcoming of variants resistance in monoclonal antibody therapy and its 

implications for future research and clinical practice. 

Summary of Key Points: 

• Understanding the Mechanisms of Resistance: The first step in overcoming variants resistance 

is to understand the mechanisms behind it. Variants can arise due to genetic mutations or 

changes in protein expression levels. These changes can affect the binding affinity between the 

monoclonal antibody and its target antigen, leading to reduced efficacy. 

• Developing Novel Monoclonal Antibodies: Once the mechanisms of resistance are understood, 

researchers can develop novel monoclonal antibodies that can overcome these variants. This can 

be achieved by modifying existing antibodies or developing new ones that target different 

epitopes on the antigen. 

• Combination Therapy: Another approach to overcoming variants resistance is through 

combination therapy. This involves using multiple monoclonal antibodies targeting different 

epitopes on the same antigen or a monoclonal antibody in combination with other drugs 

targeting different pathways. 
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• Personalized Medicine: Personalized medicine is another approach to overcoming variants 

resistance. This involves tailoring treatment based on an individual’s genetic makeup and 

disease characteristics. 
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