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Abstract
Antibody engineering has revolutionized the treatment of cancer and infectious diseases by enabling the 

development of highly specific therapies with improved efficacy and reduced side effects. Recent advancements in 
antibody engineering have led to the creation of monoclonal antibodies (mAbs), bispecific antibodies, antibody-drug 
conjugates (ADCs), and chimeric antigen receptor T-cell (CAR-T) therapies, all of which offer targeted approaches 
to treating complex diseases. In cancer, engineered antibodies can enhance immune responses by targeting tumor-
specific antigens or modulating immune checkpoints, while in infectious diseases, antibodies can directly neutralize 
pathogens or prevent infection. The optimization of antibody affinity, stability, and half-life has further improved 
their therapeutic potential. Additionally, novel techniques such as phage display, CRISPR-Cas9, and deep learning 
algorithms are being used to design next-generation antibodies. This review summarizes the current state of antibody 
engineering, explores its clinical applications, and discusses challenges and future directions in the field. Antibody-
based therapies are shaping the future of precision medicine and providing hope for the treatment of previously 
intractable diseases.
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Introduction
Antibody-based therapies have significantly transformed the 

landscape of medicine, particularly in the treatment of cancer and 
infectious diseases. These therapies leverage the high specificity of 
antibodies for their targets, allowing for the development of treatments 
that can precisely target cancer cells or pathogens, sparing healthy 
tissues and minimizing side effects [1]. Since the advent of monoclonal 
antibodies (mAbs) in the early 1980s, antibody engineering has rapidly 
evolved, leading to the development of more sophisticated forms of 
antibody-based therapeutics. In cancer treatment, antibodies can be 
designed to target tumor-associated antigens, triggering immune 
responses that lead to tumor destruction. Additionally, engineered 
antibodies can be conjugated to cytotoxic drugs, creating antibody-
drug conjugates (ADCs) that directly deliver potent therapeutic agents 
to cancer cells. Furthermore, bispecific antibodies can simultaneously 
bind to tumor cells and immune cells, enhancing the immune 
response against cancer. Chimeric antigen receptor T-cell (CAR-T) 
therapies are another groundbreaking advancement, involving the 
modification of a patient's T-cells to express engineered receptors 
that specifically recognize and target cancer cells [2]. In the context 
of infectious diseases, antibody therapies have demonstrated efficacy 
in both preventing and treating infections by neutralizing pathogens 
or enhancing host immune responses. Antibodies can bind to viral 
proteins, bacteria, or toxins, preventing them from entering host cells 
and neutralizing their harmful effects. With the advent of advanced 
antibody engineering technologies, such as phage display, CRISPR-
Cas9, and computational methods, the field has seen a surge in the 
development of novel and highly effective antibody-based therapies 
[3]. Despite these advancements, several challenges remain in 
optimizing antibody therapies, such as improving their stability, half-
life, and minimizing immune-related side effects. The development 
of next-generation antibodies with enhanced characteristics will be 
crucial in overcoming these hurdles. This review explores the major 
advancements in antibody engineering and their implications for 
targeted therapies in cancer and infectious diseases [4].
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Methods
To examine the advancements in antibody engineering for targeted 

therapy in cancer and infectious diseases, we conducted a comprehensive 
literature review using databases such as PubMed, Scopus, and Google 
Scholar. The search focused on recent advancements in antibody-
based therapies, including monoclonal antibodies (mAbs), bispecific 
antibodies, antibody-drug conjugates (ADCs), and CAR-T therapies. 
Relevant studies published in the last two decades were prioritized to 
include cutting-edge developments and clinical trial data [5]. We also 
examined the engineering technologies used in antibody development, 
such as phage display, CRISPR-Cas9 gene editing, and deep learning 
algorithms for optimizing antibody affinity and specificity. Clinical 
trial outcomes and approval statuses of antibody-based therapies 
were included to assess their real-world efficacy and safety. The 
review categorized findings based on therapeutic application (cancer, 
infectious diseases) and specific antibody types, focusing on their 
mechanisms of action, improvements in efficacy, and challenges faced 
during development. The selected studies were critically analyzed to 
identify trends in antibody engineering, therapeutic advancements, 
and key challenges that need to be addressed in future research.

Results
Our analysis reveals substantial progress in antibody engineering, 

particularly in the context of cancer and infectious diseases. In cancer 
therapy, monoclonal antibodies (mAbs) targeting tumor-specific 
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antigens, such as HER2 in breast cancer and EGFR in various solid 
tumors, have shown significant clinical efficacy. Additionally, bispecific 
antibodies, which can bind to both tumor cells and immune cells, have 
emerged as powerful tools in cancer immunotherapy. These antibodies 
enhance the immune system's ability to target and eliminate cancer cells. 
Another notable advancement is the development of antibody-drug 
conjugates (ADCs), where antibodies are coupled with cytotoxic drugs 
to deliver potent treatments directly to tumor cells while minimizing 
off-target effects. Chimeric antigen receptor T-cell (CAR-T) therapy 
has also made remarkable strides, with FDA-approved therapies 
for hematologic cancers such as B-cell lymphoma and leukemia. 
These therapies involve the genetic modification of T-cells to express 
receptors that target cancer-specific antigens, such as CD19. CAR-T 
cells have demonstrated durable responses in patients with otherwise 
refractory cancers. In infectious disease treatment, engineered 
antibodies have proven effective against viruses like Ebola, respiratory 
syncytial virus (RSV), and recently SARS-CoV-2. Antibody therapies, 
such as monoclonal antibodies targeting viral spike proteins, have 
provided effective treatments and prophylaxis for infectious diseases, 
reducing the burden on healthcare systems during outbreaks. Despite 
these advancements, several challenges remain, including the need for 
improved antibody stability, half-life, and reduced immunogenicity. 
Engineering antibodies to overcome these challenges and expand their 
therapeutic applications remains a key area of ongoing research.

Discussion
Antibody engineering has rapidly advanced over the last few 

decades, leading to the development of highly specific and effective 
therapies for both cancer and infectious diseases. One of the key 
breakthroughs in cancer therapy is the use of monoclonal antibodies, 
which have revolutionized the treatment of solid tumors and 
hematologic malignancies. The ability to specifically target tumor 
antigens has greatly improved the therapeutic index of these treatments, 
making them less toxic compared to traditional chemotherapy [6]. 
Bispecific antibodies and ADCs are further innovations that enhance 
the immune response or directly deliver cytotoxic agents to cancer cells. 
Bispecific antibodies offer a unique advantage by engaging two targets 
simultaneously, thereby improving the immune response. ADCs, on 
the other hand, combine the targeting specificity of antibodies with 
the potency of chemotherapeutic drugs, enabling selective treatment 
of tumors. CAR-T therapy represents a paradigm shift in cancer 
treatment, particularly for hematologic cancers. By engineering a 
patient’s own T-cells to target cancer cells, CAR-T therapies have 
demonstrated remarkable success in cases of leukemia and lymphoma, 
providing durable remissions in patients who had limited treatment 
options [7]. In infectious diseases, engineered antibodies have provided 
valuable treatments for viral infections, with monoclonal antibodies 
against SARS-CoV-2 becoming a critical tool in the global fight against 
the COVID-19 pandemic. These therapies offer a precise method 
for neutralizing pathogens and preventing infection. Additionally, 
antibody therapies can provide a bridge when vaccines are unavailable 

or insufficient. However, despite the progress made, challenges persist 
in improving the stability, half-life, and immunogenicity of engineered 
antibodies. Additionally, the high cost of antibody-based therapies 
poses a significant barrier to widespread access. Future research will 
need to focus on addressing these issues while continuing to expand 
the repertoire of diseases that can be treated with antibody-based 
therapies [8].

Conclusion
Advancements in antibody engineering have revolutionized the 

treatment of cancer and infectious diseases, offering highly targeted, 
effective therapies that have improved patient outcomes. Monoclonal 
antibodies, bispecific antibodies, antibody-drug conjugates (ADCs), 
and CAR-T therapies have demonstrated significant potential in 
treating various malignancies and infectious diseases. The ability to 
specifically target disease-causing agents while minimizing side effects 
is a major advantage of these therapies, which has transformed the 
approach to precision medicine. Despite these successes, challenges 
remain, particularly in optimizing antibody stability, improving 
pharmacokinetics, and reducing immunogenicity. Additionally, the 
high cost of antibody-based treatments remains a critical barrier 
to widespread access. Ongoing research into novel engineering 
technologies and therapeutic strategies, such as improving antibody 
affinity and developing next-generation antibodies, will be essential 
in overcoming these challenges. As the field of antibody engineering 
continues to evolve, the development of more efficient and accessible 
antibody-based therapies holds great promise for addressing unmet 
medical needs and providing more personalized treatment options for 
patients suffering from cancer and infectious diseases.
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