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Abstract: Chronic Lymphocytic Leukaemia (CLL) therapy has evolved from broad-spectrum 

chemoimmunotherapy to precise molecular targeting with BTK and BCL-2 inhibitors. However, 

challenges such as drug resistance, off-target toxicity, and protection within the tumour 

microenvironment persist. Emerging targeted drug delivery systems offer promising solutions. 

Nanocarriers like liposomes and polymeric nanoparticles improve drug solubility, control release, and 

enable selective delivery to leukemic cells, reducing systemic side effects. Antibody-drug conjugates 

(ADCs) further enhance specificity by coupling potent cytotoxins to antibodies targeting CLL cell-

surface antigens. Meanwhile, Chimeric Antigen Receptor (CAR) T-cell therapy represents a 

breakthrough in personalized medicine by reprogramming immune cells to eradicate leukemia. These 

innovative platforms aim to overcome biological barriers, penetrate lymphoid niches, and counter 

resistance mechanisms. Collectively, they redefine the therapeutic index by maximizing efficacy while 

minimizing toxicity. This review highlights the design, clinical potential, and translational challenges of 

these advanced delivery strategies, emphasizing their pivotal role in shaping a more precise, durable, 

and potentially curative treatment paradigm for CLL.. 
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I. INTRODUCTION 

The Unmet Needs in Chronic Lymphocytic Leukemia  

 Chronic Lymphocytic Leukemia (CLL) stands as the most prevalent form of adult leukemia in the Western world, a 

distinction that underscores the significant clinical and research efforts dedicated to understanding and treating this 

complex disease.(1) The core pathology of CLL is defined by the inexorable, progressive accumulation of monoclonal 

B lymphocytes that, while appearing phenotypically mature, are functionally incompetent. This accumulation is not 

confined to a single anatomical location; rather, it is a systemic disease primarily involving the peripheral blood, bone 

marrow, spleen, and lymph nodes, which serve as the principal sites of malignant cell proliferation and survival. The 

clinical course of CLL is notoriously heterogeneous, creating a challenging landscape for patient management and 

therapeutic decision-making. While some individuals may experience an indolent, slow-growing disease that never 

requires therapeutic intervention, others face an aggressive, rapidly progressing illness that necessitates immediate and 

often intensive treatment. (2) This clinical variability is a direct reflection of the disease's underlying molecular 

diversity. The evolution of CLL therapy has been marked by successive paradigm shifts, from the era of cytotoxic 

chemoimmunotherapy to the current age of highly effective oral targeted agents. However, each therapeutic advance, 

while solving previous challenges, has introduced a new set of limitations, including the burdens of continuous therapy 

and the inevitable emergence of drug resistance.(3) This dynamic evolution of "unmet needs" has created a compelling 

and urgent rationale for the development of the next frontier in CLL treatment: advanced targeted drug delivery 
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systems (TDDS). These sophisticated strategies aim not merely to improve upon existing therapies but to 

fundamentally change the treatment paradigm, offering the potential for finite, curative

overcome the most formidable challenges posed by this stil
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Fig. 1  The Diagram illustrates two main pathways for the development of CLL
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sophisticated strategies aim not merely to improve upon existing therapies but to 

fundamentally change the treatment paradigm, offering the potential for finite, curative-intent therapies that can 

overcome the most formidable challenges posed by this still-incurable malignancy.  (4)  

The Pathophysiological and Molecular Landscape of CLL 

The pathogenesis of CLL begins with the malignant transformation of a specific subset of B cells, namely CD5

B lymphocytes. This process is often preceded by a pre-malignant condition known as monoclonal B

lymphocytosis (MBL), in which a small, clonal population of B cells with a CLL-like phenotype is detectable but the 

absolute lymphocyte count remains below the diagnostic threshold of 5,000 cells per microliter. The progression from 

MBL to overt CLL is driven by the acquisition of additional genetic mutations and is critically dependent on complex 

interactions between the leukemia cells and their microenvironment within lymphoid tissues.(5) These niches, 

icularly in the lymph nodes and bone marrow, provide essential pro-survival and proliferative signals that sustain 

the clonal expansion. While the precise cell of origin remains a subject of investigation, immunophenotypic and genetic 

gests that CLL arises from an antigen-experienced B cell, which may be of either pre

The clinical presentation of CLL is often insidious. A significant proportion of patients, estimated at over 70%, are 

at the time of diagnosis, which frequently occurs incidentally during routine blood work that reveals a 

marked lymphocytosis. An absolute lymphocyte count exceeding 5,000/mcL is a key diagnostic criterion. The 

diagnosis is definitively confirmed through peripheral blood flow cytometry. (6) This technique identifies the 

characteristic immunophenotype of the clonal B-cell population: expression of the pan-B-cell marker CD19, the T

marker CD5 (an aberrant finding on B cells), and CD23, coupled with characteristically dim or low

surface immunoglobulin, CD20, and CD79b. As the disease progresses and the tumour burden increases, patients may 

develop symptoms. These can include palpable, often painless lymphadenopathy (most commonly in the 

supraclavicular regions), splenomegaly, and constitutional "B symptoms," which are systemic indicators of disease 

activity and include profound fatigue, unexplained fevers, drenching night sweats, and unintentional weight loss.(7) 

Fig. 1  The Diagram illustrates two main pathways for the development of CLL
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direct consequence of the disease's profound molecular heterogeneity. A sophisticated understanding of key prognostic 
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surface immunoglobulin, CD20, and CD79b. As the disease progresses and the tumour burden increases, patients may 

develop symptoms. These can include palpable, often painless lymphadenopathy (most commonly in the cervical and 

supraclavicular regions), splenomegaly, and constitutional "B symptoms," which are systemic indicators of disease 

activity and include profound fatigue, unexplained fevers, drenching night sweats, and unintentional weight loss.(7)                               

Fig. 1  The Diagram illustrates two main pathways for the development of CLL 

The wide spectrum of clinical behaviours observed in CLL, ranging from extremely indolent to highly aggressive, is a 

direct consequence of the disease's profound molecular heterogeneity. A sophisticated understanding of key prognostic 



I J A R S C T    

    

 

               International Journal of Advanced Research in Science, Communication and Technology 

                          International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal 

Volume 6, Issue 6, March 2026 

Copyright to IJARSCT DOI: 10.48175/IJARSCT-32011   73 

www.ijarsct.co.in  

 
 
 

ISSN: 2581-9429 Impact Factor: 8.2 

 
The single most powerful prognostic factor in CLL is the mutation status of the immunoglobulin heavy-chain variable 

(IGHV) region genes. This molecular feature divides CLL into two distinct biological subtypes. Patients whose 

leukaemia cells harbour somatically hypermutated IGHV genes (M-CLL), indicating a derivation from a post-germinal 

center B cell, generally have a more favourable prognosis, an indolent disease course, and often experience long-term 

remissions following chemoimmunotherapy. Conversely, patients with unmutated IGHV genes (U-CLL), defined by a 

sequence identity of $ \geq 98% $ to the germline gene, have a significantly more aggressive disease, a shorter time to 

first treatment, and an overall inferior outcome. (1, 3)    

Genomic aberrations, detectable in over 80% of CLL cases via techniques like fluorescence in situ hybridization 

(FISH), provide another critical layer of prognostic information. The most common cytogenetic abnormality is a 

deletion of the long arm of chromosome 13 at band 14 (Del (13q14)), which targets the MIR15A/MIR16A microRNA 

tumour suppressor locus. When present as the sole abnormality, Del (13q14) is associated with a very good prognosis 

and a slow disease course. Trisomy 12 confers an intermediate prognosis. In stark contrast, deletions of the long arm of 

chromosome 11 (Del (11q)), which involves the ATM gene, and particularly deletions of the short arm of chromosome 

17 (Del (17p)), which involves the master tumour suppressor gene TP53, are hallmarks of high-risk, aggressive disease. 

(9) These abnormalities are strongly associated with rapid disease progression and a poor response to conventional 

chemoimmunotherapy regimens. More sensitive next-generation sequencing techniques have further elucidated the 

genomic landscape, identifying recurrent somatic mutations in genes such as TP53 (which can occur independently of 

del(17p)), NOTCH1, SF3B1, and ATM, all of which contribute to disease pathogenesis and are associated with a more 

aggressive clinical phenotype.(10,11)    

 

Limitations of Conventional Chemoimmunotherapy and the Rise of Targeted Agents 

The therapeutic landscape of CLL has undergone a dramatic transformation over the past two decades. For many years, 

the gold standard of care for young, physically fit patients was chemoimmunotherapy (CIT), with the FCR regimen 

(fludarabine, cyclophosphamide, and the anti-CD20 monoclonal antibody rituximab) being the most prominent 

example. FCR demonstrated the ability to produce deep and durable remissions, and in a subset of patients with 

mutated IGHV, it could lead to long-term disease control, effectively a functional cure. However, the efficacy of CIT 

came at the cost of substantial toxicity. The cytotoxic agents in these regimens cause profound and prolonged 

myelosuppression, leading to an increased risk of severe, life-threatening infections. Furthermore, a significant long-

term risk associated with alkylating agents like cyclophosphamide is the development of therapy-related secondary 

malignancies, including myelodysplastic syndrome (MDS) and acute myeloid leukaemia (AML). Critically, CIT 

regimens are largely ineffective for patients with high-risk genomic features, particularly Del (17p) or TP53 mutations, 

who experience very short remissions. (11, 5) 

This context of high toxicity and limited efficacy in high-risk disease set the stage for a paradigm shift with the advent 

of novel oral targeted agents, specifically small molecule inhibitors (SMIs). The development of Bruton's Tyrosine 

Kinase inhibitors (BTKi), such as the first-in-class ibrutinib and the more selective second-generation agents 

acalabrutinib and zanubrutinib, and the B-cell lymphoma 2 (BCL-2) inhibitor venetoclax, has revolutionized the 

management of CLL. These agents interfere with key signalling pathways essential for CLL cell survival and 

proliferation. They have demonstrated superior efficacy compared to CIT, particularly in patients with high-risk 

disease, and offer a generally more manageable toxicity profile, leading to their widespread adoption as the new 

standard of care in both frontline and relapsed/refractory settings .(12)   

However, the success of SMIs has not eliminated unmet needs in CLL; rather, it has redefined them. BTKi therapy, for 

the most part, is administered continuously until disease progression or unacceptable toxicity. This indefinite treatment 

model raises significant long-term challenges, including the cumulative burden of chronic toxicities (e.g., atrial 

fibrillation, hypertension, and bleeding with ibrutinib), issues with patient adherence over many years, and a substantial 

financial cost to healthcare systems. (13) Most importantly, continuous therapy creates a potent selective pressure that 

drives the evolution of acquired resistance, commonly through mutations in the BTK gene (e.g., C481S) or downstream 



I J A R S C T    

    

 

               International Journal of Advanced Research in Science, Communication and Technology 

                          International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal 

Volume 6, Issue 6, March 2026 

Copyright to IJARSCT DOI: 10.48175/IJARSCT-32011   74 

www.ijarsct.co.in  

 
 
 

ISSN: 2581-9429 Impact Factor: 8.2 

 
signalling molecules. Venetoclax-based regimens offer the advantage of a fixed treatment duration but are associated 

with a risk of tumour lysis syndrome (TLS) that requires careful management, and resistance can also develop over 

time through various mechanisms, including mutations in the BCL2 gene. Consequently, a new high-risk patient 

population has emerged: those who are "double-refractory," having progressed on both a BTKi and venetoclax. These 

patients have very limited treatment options and a dismal prognosis, representing the most pressing unmet clinical need 

in CLL today. (14)   

 

The Rationale for Advanced Drug Delivery Systems 

The specific limitations inherent to both the CIT and SMI eras provide a clear and compelling rationale for the 

development of a third therapeutic paradigm: advanced Targeted Drug Delivery Systems (TDDS). The central goal of 

TDDS is to move beyond the constraints of systemic, continuous drug exposure and to engineer therapies that can 

achieve a higher level of precision and potency. The strategic objectives for TDDS in CLL are fourfold: (4) 

1. Maximize On-Target Efficacy: By engineering systems that can deliver highly potent therapeutic payloads—such as 

cytotoxic drugs, novel small molecules, or even an activated immune cell—directly and exclusively to the CLL cells, 

TDDS can achieve a level of anti-leukemic activity that is not possible with systemically administered agents. (15)   

2. Minimize Off-Target Toxicity: A core principle of TDDS is the selective localization of the therapeutic effect. By 

concentrating the drug at the site of the disease and minimizing its exposure to healthy tissues and organs, these 

systems can significantly widen the therapeutic index, reducing the collateral damage and side effects associated with 

conventional treatments. (5)   

3. Overcome Drug Resistance: TDDS can be designed to circumvent known mechanisms of drug resistance. For 

example, by delivering a drug directly into the cell via endocytosis, nanocarriers can bypass cell surface efflux 

pumps that actively expel many chemotherapeutic agents. Furthermore, by enabling the co-delivery of multiple drugs 

with different mechanisms of action, TDDS can attack the cancer cell on multiple fronts simultaneously, making the 

development of resistance more difficult.(7)                                           

4. Achieve Finite, Curative-Intent Therapy: Perhaps the most transformative potential of TDDS, particularly cellular 

therapies like CAR T-cells, is the ability to offer a finite course of treatment that can induce deep, durable 

remissions. The goal is to eradicate the disease to a level of undetectable minimal residual disease (MRD), allowing 

for the cessation of therapy and potentially achieving a functional cure, thereby freeing patients from the burdens of 

lifelong treatment.(15) 

 

Foundational Principles of Targeted Drug Delivery in Oncology 

The conceptual framework for targeted drug delivery in oncology is built upon the pioneering "magic bullet" 

hypothesis proposed by Paul Ehrlich over a century ago, which envisioned therapeutic agents that could selectively 

destroy pathogens or diseased cells while leaving healthy tissues unharmed. Modern nanotechnology and molecular 

biology have transformed this vision into a tangible therapeutic strategy. TDDS are engineered to enhance the 

therapeutic index of a drug by increasing its concentration at the site of disease and reducing its accumulation in non-

target sites. This is achieved through two principal strategies: passive targeting and active targeting. While both are 

central to the field of nanomedicine, their relative importance and applicability differ profoundly between solid tumours 

and haematological malignancies like CLL. Understanding these principles is crucial for appreciating the unique design 

considerations and challenges involved in developing effective TDDS for a systemic, "liquid" tumour. (16, 17)   

 

Passive Targeting: The Enhanced Permeability and Retention (EPR) Effect and Its Relevance in Haematological 

Malignancies 

Passive targeting is a phenomenon that exploits the abnormal pathophysiology of certain diseased tissues, most notably 

solid tumors, to achieve preferential drug accumulation without the need for specific molecular recognition. The 

cornerstone of this strategy is the Enhanced Permeability and Retention (EPR) effect. Solid tumors, in their rapid and 
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disorganized growth, induce the formation of a chaotic and immature neovasculature. These tumor blood vessels are 

characterized by poorly aligned endothelial cells with large fenestrations or gaps between them, making them "leaky" 

compared to the tight junctions of healthy vasculature. This enhanced permeability allows macromolecules and 

nanoparticles, typically within a size range of 20 to 200 nm, to extravasate from the bloodstream into the tumor 

interstitium. Concurrently, solid tumors often have impaired or absent lymphatic drainage. This lack of an effective 

clearance mechanism leads to the retention of the extravasated nanocarriers within the tumor microenvironment, 

resulting in their passive accumulation over time. (18)    

While the EPR effect has been the guiding principle for the development of many nanomedicines for solid tumors, its 

direct applicability to a systemic disease like CLL is fundamentally different and more limited. The classical EPR 

model does not apply to malignant lymphocytes circulating freely in the peripheral blood. However, the concept of 

passive targeting is not entirely irrelevant. CLL is not solely a disease of the blood; it is a disease of lymphoid tissues. 

The malignant cells traffic to, reside in, and proliferate within protective microenvironmental niches in the bone 

marrow and lymph nodes. These anatomical sites possess unique vascular architectures. (16, 17) For instance, the bone 

marrow contains sinusoidal capillaries, which are discontinuous and more permeable than capillaries in other tissues. 

This feature may allow for a degree of passive extravasation and accumulation of nanocarriers, a process that can be 

considered a form of "end organ targeting". Studies suggest that an optimal nanoparticle size for targeting the bone 

marrow microenvironment may be in the range of 50 to 100 nm. Nonetheless, for CLL, passive accumulation is, at 

best, a secondary and opportunistic mechanism. The primary determinant of therapeutic success lies in the ability to 

engage the target cells directly and specifically, which is the domain of active targeting. (18)   

 

Active Targeting: Leveraging Ligand-Receptor Interactions for Cellular Specificity 

Active targeting represents a more direct and precise strategy, and it is critically important for a systemic disease like 

CLL, where the target cells are dispersed throughout the body. This approach involves the functionalization of a drug 

delivery system by conjugating a specific targeting moiety, or ligand, to its surface. This ligand is chosen for its high 

affinity and specificity for a corresponding molecular target—typically a receptor or a surface antigen—that is uniquely 

or abundantly expressed on the cancer cells compared to healthy cells. (19)   

The mechanism of active targeting is a classic "lock-and-key" interaction. The ligand-decorated nanocarrier circulates 

through the body and, upon encountering a CLL cell, the ligand binds to its specific receptor on the cell surface. This 

high-affinity binding event achieves two crucial goals. First, it ensures the selective adhesion of the drug carrier to the 

target cell, dramatically increasing the localized drug concentration at the desired site of action. Second, this binding 

often triggers receptor-mediated endocytosis, a cellular process wherein the cell internalizes the receptor-ligand 

complex, effectively engulfing the entire nanocarrier and its therapeutic payload. Once inside the cell, often within an 

endosome or lysosome, the carrier is designed to degrade or respond to the intracellular environment (e.g., lower pH) to 

release the drug, leading to highly efficient intracellular delivery and cell killing. (17, 19)    

The active targeting paradigm is modular, consisting of three key components: 

The Carrier: The vehicle, such as a liposome, polymeric nanoparticle, or antibody backbone, that serves as the 

scaffold for the system.    

The Payload: The therapeutic agent, which can range from a conventional cytotoxic drug to a novel small molecule 

inhibitor or a nucleic acid.    

The Ligand: The targeting molecule, which provides the specificity. Ligands can include whole monoclonal antibodies 

or their fragments (e.g., scFv, Fab'), small peptides, nucleic acid aptamers, or small molecules like folic acid.    

The primary advantages of this approach are its potential for exquisite specificity, which minimizes collateral damage 

to healthy tissues, and its ability to overcome certain forms of drug resistance by forcing the drug into the cell. For a 

disease like CLL, where malignant cells co-circulate with essential healthy blood cells, this level of specificity is not 

just an advantage—it is a necessity. This re-frames the entire engineering challenge for TDDS in CLL. Success is less 

dependent on the general physicochemical properties that govern passive accumulation and more critically reliant on 
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Overcoming Biological Barriers in Systemic Malignancie
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The RES is composed primarily of phagocytic cells (macrophages) in the liver (Kupffer cells) and spleen, which are 

programmed to recognise and rapidly clear foreign particles from the bloodstream. Unmodified nanoparticles are 

quickly opsonised—coated with blood proteins

shortening their circulation half-life and preventing them from reaching their intended target. The most widely adopted 

strategy to overcome this barrier is to coat the surface of the nanocarrier with a hydrophilic, flexible polymer, most 

commonly polyethene glycol (PEG). This process, known as PEGylation, creates a steric hydration layer around the 
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Beyond surviving in the bloodstream, a TDDS for CLL must effectively penetrate the protective tissue niches where 

the disease thrives. While circulating cells are accessible, the true reservoirs of disease that drive relapse are located in

the bone marrow and the specialised "pseudofollicles" within lymph nodes. These microenvironments are not only 

physically distinct but are also immunosuppressive, presenting an additional challenge. Therefore, advanced TDDS 
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the precise biological interplay between the chosen ligand and its cellular target. The central research questions shift 
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the optimal ligand to engage it for maximal internalization and therapeutic effect?" (16) 
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Overcoming Biological Barriers in Systemic Malignancies 

The development of any systemic TDDS, whether for solid or haematological cancers, must contend with a series of 

formidable biological barriers that are designed to protect the body from foreign particulate matter. The first and most 

significant of these is the Reticuloendothelial System (RES), also known as the Mononuclear Phagocyte System (MPS). 

The RES is composed primarily of phagocytic cells (macrophages) in the liver (Kupffer cells) and spleen, which are 

programmed to recognise and rapidly clear foreign particles from the bloodstream. Unmodified nanoparticles are 

coated with blood proteins—which marks them for uptake and elimination by the RES, drastically 

life and preventing them from reaching their intended target. The most widely adopted 

is to coat the surface of the nanocarrier with a hydrophilic, flexible polymer, most 

commonly polyethene glycol (PEG). This process, known as PEGylation, creates a steric hydration layer around the 

nanoparticle that masks it from opsonisation and RES recognition, creating a "stealth" effect that significantly prolongs 

its circulation time. This extended circulation is a prerequisite for effective targeting, as it provides the nanocarrier wit

more opportunities to find and bind to its target cells. (16,17)   

Beyond surviving in the bloodstream, a TDDS for CLL must effectively penetrate the protective tissue niches where 

the disease thrives. While circulating cells are accessible, the true reservoirs of disease that drive relapse are located in

ow and the specialised "pseudofollicles" within lymph nodes. These microenvironments are not only 

physically distinct but are also immunosuppressive, presenting an additional challenge. Therefore, advanced TDDS 

strategies are being developed to specifically target these sanctuaries. One innovative approach for targeting the bone 

marrow involves designing nanocarriers that bind not to the leukaemia cells themselves, but to the surrounding bone 

matrix. By conjugating ligands with a high affinity for hydroxyapatite, a primary mineral component of bone

nanocarriers can be made to anchor onto the bone surface, creating a high local concentration 

of the therapeutic agent that can then diffuse into the marrow space to act on the resident CLL cells. This represents a 
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sophisticated, multi-stage targeting strategy designed to overcome the specific anatomical barriers relevant to 

haematological malignancies. (15, 2)    

 

Nanocarrier Platforms: The Vehicles for Targeted Delivery 

The efficacy of a targeted drug delivery system is critically dependent on the design and properties of its carrier 

vehicle. A diverse array of nanocarrier platforms has been developed, each with a unique set of structural 

characteristics, advantages, and limitations. These platforms serve as the "hardware" of TDDS, responsible for 

encapsulating and protecting the therapeutic payload, navigating the complex biological environment, and facilitating 

delivery to the target cell. The choice of platform is a strategic decision that involves a trade-off between factors such 

as clinical maturity, manufacturing complexity, and functional sophistication. While some platforms, like liposomes, 

are well-established with multiple approved products, others, such as inorganic nanoparticles, offer more advanced, 

multifunctional capabilities but remain largely in the preclinical stages of development. (15, 20) 

 

Liposomal Formulations: From Doxil to Next-Generation Systems 

Liposomes are the most clinically mature and widely utilized nanocarrier platform in oncology. Structurally, they are 

microscopic, spherical vesicles composed of one or more concentric bilayers of phospholipids, which self-assemble in 

aqueous environments to enclose an aqueous core. This amphiphilic structure is a key advantage, as it allows for the 

encapsulation of water-soluble (hydrophilic) drugs within the central aqueous compartment and the entrapment of lipid-

soluble (hydrophobic) drugs within the lipid bilayer itself. (20) Their composition, being primarily phospholipids 

similar to those in natural cell membranes, endows them with excellent biocompatibility, biodegradability, and low 

intrinsic toxicity. This platform has a proven clinical track record, exemplified by FDA-approved drugs such as Doxil® 

(a PEGylated liposomal formulation of doxorubicin) and Vyxeos® (a liposomal formulation containing a fixed 

synergistic ratio of daunorubicin and cytarabine for acute myeloid leukemia)(21) 

Despite their success, conventional liposomes face limitations, most notably their rapid recognition and clearance from 

the bloodstream by the RES. To address this, the surface of liposomes is commonly modified with PEG to create long-

circulating "stealth" liposomes that can evade the immune system and leverage the EPR effect in solid tumors. (22) For 

diseases like CLL where active targeting is paramount, the liposomal surface can be further engineered. By conjugating 

targeting ligands, such as antibody fragments (e.g., scFv) or peptides, to the distal ends of the PEG chains, 

"immunoliposomes" are created. These next-generation systems combine the prolonged circulation of stealth liposomes 

with the high specificity of active targeting, enabling them to seek out and bind directly to cancer cells. (23)    

 

Polymeric Nanoparticles: Versatility in Design and Controlled Release 

Polymeric nanoparticles represent another major class of nanocarriers, valued for their high stability and versatility. 

These are solid, colloidal particles typically fabricated from biodegradable and biocompatible polymers. The polymers 

used can be of natural origin, such as chitosan or albumin, or synthetic, such as the FDA-approved polylactic-co-

glycolic acid (PLGA), polylactic acid (PLA), and polyethylene glycol (PEG). Depending on the preparation method, a 

therapeutic drug can be either physically entrapped and dissolved within the solid polymer matrix (forming a 

nanosphere) or encapsulated within a polymeric shell (forming a nanocapsule). (24)    

A key advantage of polymeric nanoparticles is their robustness and the ability to precisely control the release of the 

encapsulated drug over extended periods. Drug release can occur through several mechanisms, including diffusion out 

of the matrix, swelling of the polymer, or erosion and degradation of the polymer itself. This capacity for sustained 

release is particularly valuable for improving the pharmacokinetic profile of drugs with short half-lives 

.(15)Furthermore, the rich surface chemistry of polymers allows for straightforward functionalization with both stealth-

conferring molecules like PEG and a wide variety of active targeting ligands, making them a highly adaptable platform 

for sophisticated TDDS design. The clinical success of Abraxane® (paclitaxel bound to albumin nanoparticles) in 
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treating various solid tumors validates the potential of this platform, and numerous other polymeric nanoparticle 

formulations are currently in various stages of clinical development. (25)

Fig:3  Overview of targeting  approach of polymeric nanopartical in cance

Antibody-Drug Conjugates (ADCs): The Archetypal "Magic Bullet

Antibody-Drug Conjugates (ADCs) are a highly successful and conceptually distinct class of TDDS that perfectly 

embodies the "magic bullet" principle. Unlike liposomes or polymeric nanoparticles, where the carrier is a separate 

material, in an ADC, the targeting ligand—

essential components: (1) a highly specific mAb engineer

cancer cell surface; (2) an extremely potent cytotoxic payload (a small molecule drug) that is often too toxic to be 

administered systemically in its free form; and (3) a stable chemical linker 

antibody. (26)    

The mechanism of action is elegant and highly specific. The ADC circulates in the bloodstream until the mAb portion 

encounters and binds to its target antigen on a cancer cell. This binding trig

entire ADC complex is internalized into the cell. (27)Inside the cell, the ADC is trafficked to the lysosome, where the 

acidic environment and proteases cleave the linker, releasing the potent cytotoxic payload d

to induce apoptosis. This mechanism allows for the targeted delivery of a lethal drug dose specifically to cancer cells, 

dramatically increasing the therapeutic index and sparing healthy tissues. The clinical success of thi

transformative, with numerous ADCs now approved for both hematological malignancies

vedotin (targeting CD30) for Hodgkin lymphoma and polatuzumab vedotin (targeting CD79b) for diffuse large B

lymphoma—and various solid tumors. (20)

 

Emerging Platforms: Dendrimers, Inorganic Nanoparticles, and Exosomes

Beyond the more established platforms, research into novel nanocarriers continues to push the boundaries of functional 

sophistication. 

Dendrimers are unique, synthetically produced macromolecules with a highly branched, tree

architecture that emanates from a central core. Their structure is perfectly defined and monodisperse, and their surface 

contains a large number of functional groups that

targeting ligands, and imaging agents, creating a single, highly multifunctional nanodevice.(27) 
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vedotin (targeting CD30) for Hodgkin lymphoma and polatuzumab vedotin (targeting CD79b) for diffuse large B

s solid tumors. (20)   

Emerging Platforms: Dendrimers, Inorganic Nanoparticles, and Exosomes 

Beyond the more established platforms, research into novel nanocarriers continues to push the boundaries of functional 

etically produced macromolecules with a highly branched, tree-like, three

architecture that emanates from a central core. Their structure is perfectly defined and monodisperse, and their surface 

contains a large number of functional groups that can be readily conjugated with multiple molecules, including drugs, 

targeting ligands, and imaging agents, creating a single, highly multifunctional nanodevice.(27)    

  

  

Technology 

Reviewed, Refereed, Multidisciplinary Online Journal 

 78 

Impact Factor: 8.2 

 
dates the potential of this platform, and numerous other polymeric nanoparticle 

 
r 

Drug Conjugates (ADCs) are a highly successful and conceptually distinct class of TDDS that perfectly 

principle. Unlike liposomes or polymeric nanoparticles, where the carrier is a separate 

the carrier. An ADC consists of three 

associated antigen on the 

cancer cell surface; (2) an extremely potent cytotoxic payload (a small molecule drug) that is often too toxic to be 

that covalently attaches the payload to the 

The mechanism of action is elegant and highly specific. The ADC circulates in the bloodstream until the mAb portion 

mediated endocytosis, and the 

entire ADC complex is internalized into the cell. (27)Inside the cell, the ADC is trafficked to the lysosome, where the 

irectly into the cell's interior 

to induce apoptosis. This mechanism allows for the targeted delivery of a lethal drug dose specifically to cancer cells, 

dramatically increasing the therapeutic index and sparing healthy tissues. The clinical success of this platform has been 

such as brentuximab 

vedotin (targeting CD30) for Hodgkin lymphoma and polatuzumab vedotin (targeting CD79b) for diffuse large B-cell 

Beyond the more established platforms, research into novel nanocarriers continues to push the boundaries of functional 

like, three-dimensional 

architecture that emanates from a central core. Their structure is perfectly defined and monodisperse, and their surface 

can be readily conjugated with multiple molecules, including drugs, 



 

 

               International Journal of Advanced 

                          International Open-Access, Double

Copyright to IJARSCT DOI: 10.48175/

www.ijarsct.co.in 

 

ISSN: 2581-9429 

Inorganic Nanoparticles, fabricated from materials such as gold (AuNPs), silica, or sup

offer unique physical properties not found in organic carriers. Gold nanoparticles, for example, exhibit a phenomenon 

called surface plasmon resonance, which allows them to absorb light of a specific wavelength and convert it int

This property can be exploited for photothermal therapy, where the nanoparticles are targeted to a tumor and then 

heated with a laser to ablate the cancer cells. These platforms are particularly promising for "theranostic" applications, 

which integrate therapeutic action and diagnostic imaging within a single system. (28) 

Exosomes are natural, cell-derived nanovesicles (30

Scientists are exploring ways to harness these natural carriers for 

exosomes, it may be possible to create a delivery system with exceptional biocompatibility and inherently low 

immunogenicity, as they are derived from the body's own cells. (20, 27) 

Fig: 4 Types of nanocarriers frequently use

This landscape of nanocarrier platforms illustrates a clear and important dynamic in the field of nanomedicine. There 

exists an inverse relationship between the clinical maturity of a platform and its fu

ADCs are clinically validated and have multiple approved products, representing mature technologies. However, they 

are relatively simple in their functional scope. In contrast, emerging platforms like multifunctional ther

nanoparticles or engineered exosomes offer a tantalizing glimpse into a future of highly sophisticated, personalized 

medicine.(29) They possess immense theoretical advantages but face a much longer and more arduous path to clinical 

translation due to significant challenges in large

complex regulatory pathways. This trade-off between established feasibility and future potential is a central tension that 

shapes the direction of research and development in targeted drug delivery. (15)                                           

 

Molecular Targets on the CLL Cell Surface: Gateways for Precision Therap

The success of any active targeting strategy is fundamentally dependent on the choi

target for TDDS in cancer should be a surface

malignant cells but is absent or expressed at very low levels on essential healthy tissues. This differenti

the key to achieving a wide therapeutic window, allowing for potent on

In CLL, decades of immunological and genomic research have identified several such targets on the surface of the 

malignant B cell. The selection of a target is not merely a technical choice; it is a strategic decision that dictates the 

entire therapeutic approach, from the type of delivery system that can be used to the specific safety concerns that must 

be managed. The evolution of targets in CLL, from pan
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derived nanovesicles (30-150 nm) that are involved in intercellular communication. 

Scientists are exploring ways to harness these natural carriers for drug delivery. By loading therapeutic agents into 

exosomes, it may be possible to create a delivery system with exceptional biocompatibility and inherently low 

immunogenicity, as they are derived from the body's own cells. (20, 27)   

Fig: 4 Types of nanocarriers frequently used 

This landscape of nanocarrier platforms illustrates a clear and important dynamic in the field of nanomedicine. There 

exists an inverse relationship between the clinical maturity of a platform and its functional complexity. Liposomes and 

ADCs are clinically validated and have multiple approved products, representing mature technologies. However, they 

are relatively simple in their functional scope. In contrast, emerging platforms like multifunctional ther

nanoparticles or engineered exosomes offer a tantalizing glimpse into a future of highly sophisticated, personalized 

medicine.(29) They possess immense theoretical advantages but face a much longer and more arduous path to clinical 

due to significant challenges in large-scale manufacturing, long-term safety assessment, and navigating 

off between established feasibility and future potential is a central tension that 

arch and development in targeted drug delivery. (15)                                           

Molecular Targets on the CLL Cell Surface: Gateways for Precision Therapy 

The success of any active targeting strategy is fundamentally dependent on the choice of its molecular target. An ideal 

target for TDDS in cancer should be a surface-accessible molecule that is highly and uniformly expressed on all 

malignant cells but is absent or expressed at very low levels on essential healthy tissues. This differenti

the key to achieving a wide therapeutic window, allowing for potent on-tumor activity with minimal off

In CLL, decades of immunological and genomic research have identified several such targets on the surface of the 

nt B cell. The selection of a target is not merely a technical choice; it is a strategic decision that dictates the 

entire therapeutic approach, from the type of delivery system that can be used to the specific safety concerns that must 

lution of targets in CLL, from pan-B-cell markers like CD20 and CD19 to the more tumor
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offer unique physical properties not found in organic carriers. Gold nanoparticles, for example, exhibit a phenomenon 
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This property can be exploited for photothermal therapy, where the nanoparticles are targeted to a tumor and then 
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specific oncofetal antigen ROR1, reflects a maturing understanding of this critical balance between efficacy and safety. 

(15, 1) 

 

The CD20 Antigen: A Historical Pillar of

CD20 is a 33-37 kDa non-glycosylated phosphoprotein expressed on the surface of B lymphocytes, playing a role in 

their activation and proliferation. It became the first clinically successful target for monoclonal antibody thera

oncology with the approval of rituximab. Anti

mechanisms: (1) antibody-dependent cell-

Killer (NK) cells are recruited to kill the antibody

the antibody activates the complement cascade, leading to direct lysis of the target cell; and (3) direct induction of 

apoptosis. (30)   

In CLL, the role of CD20 has been both pivotal and problematic. The addition of rituximab to the fludarabine and 

cyclophosphamide chemotherapy backbone (the FCR regimen) was a landmark achievement, as it was the first trial to 

demonstrate an overall survival benefit in previously untre

the standard of care for many years.(31) However, a key biological feature of CLL is that the malignant cells express 

CD20 at a significantly lower density ("dim" expression) compared to B cells in 

limits the efficacy of anti-CD20 monotherapy. To overcome this, second

developed. Obinutuzumab, a type II, glycoengineered mAb, was designed to have enhanced ADCC and direct cell

killing properties and has demonstrated superior efficacy to rituximab when combined with chlorambucil in older, unfit 

patients. (32)   

Despite this history, the importance of targeting CD20 in CLL is waning in the era of highly effective small molecule 

inhibitors. Landmark clinical trials have definitively shown that adding rituximab to the BTK inhibitor ibrutinib 

provides no additional progression-free or overall survival benefit. The biological rationale for this lack of synergy is 

compelling: ibrutinib itself has been shown to downregulate CD20 expression on the surface of CLL cells and may 

interfere with the ADCC mechanism, effectively antagonizing the action of the antibody.(33) The primary remaining 

role for anti-CD20 mAbs is in combination with the BC

obinutuzumab helps to rapidly debulk the disease and enables the delivery of a fixed

achieve very deep, MRD-negative remissions. (34)

                                            Fig: 5 Role Anti
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The CD19 Antigen: A Ubiquitous Target for Cellular Immunotherapies  

CD19 is a 95 kDa transmembrane glycoprotein that is a defining member of the B-cell lineage. It functions as a critical 

coreceptor for the B-cell receptor (BCR), modulating signaling thresholds and playing a key role in B-cell activation. 

From a therapeutic targeting perspective, CD19 possesses several ideal characteristics. Unlike the variable and often 

dim expression of CD20 in CLL, CD19 is expressed at high, uniform, and consistent levels on virtually all CLL cells. 

Furthermore, its expression is maintained from the earliest stages of B-cell development through to mature B cells, and 

it is very rarely lost during malignant transformation, making it a highly reliable tumor marker. (35)    

These properties make CD19 an outstanding target for therapies that require robust and consistent antigen expression to 

be effective, most notably Chimeric Antigen Receptor (CAR) T-cell therapy. The high density of CD19 on the cell 

surface provides a strong and reliable signal for CAR T-cell recognition, activation, and killing. However, the very 

feature that makes CD19 an excellent target—its expression across the entire B-cell lineage—is also the source of its 

primary toxicity. Because the CAR T-cells cannot distinguish between malignant and healthy B cells, an effective anti-

CD19 therapy leads to the complete eradication of the normal B-cell population. (36) This results in a condition known 

as B-cell aplasia, characterized by a profound inability to produce antibodies (hypogammaglobulinemia). While this 

"on-target, off-tumor" toxicity is generally manageable with intravenous immunoglobulin (IVIG) replacement therapy, 

it represents a significant long-term clinical consequence, placing patients at a lifelong increased risk of infection. This 

unavoidable trade-off underscores the strategic nature of target selection: the pursuit of maximum efficacy against a 

ubiquitous target like CD19 comes at the cost of a predictable and significant impact on the normal immune system. 

(37)   

 

 Receptor Tyrosine Kinase-Like Orphan Receptor 1 (ROR1): An Ideal Oncofetal Target 

The search for a target with the high, uniform expression of CD19 but without its presence on healthy tissues has led to 

intense interest in Receptor Tyrosine Kinase-Like Orphan Receptor 1 (ROR1). ROR1 is an oncofetal antigen, a class of 

proteins that are physiologically expressed during embryonic development but are silenced and absent in most normal, 

healthy adult tissues. In a number of malignancies, including CLL, these genes are aberrantly re-expressed, contributing 

to the cancer phenotype.(38) In CLL, ROR1 is expressed on the surface of the malignant cells but is notably absent 

from mature, healthy B cells and most other normal tissues. Functionally, ROR1 acts as a receptor for Wnt5a and 

activates pro-survival signaling cascades, including the PI3K/AKT pathway, thereby promoting leukemia cell survival 

and proliferation. Furthermore, higher levels of ROR1 expression on CLL cells have been correlated with more 

aggressive disease and a shorter time to treatment, highlighting its clinical relevance.    

From a therapeutic standpoint, ROR1's expression profile is nearly ideal. Its presence on cancer cells and absence on 

healthy cells provides a perfect therapeutic window for highly specific targeting. (39) A ROR1-directed therapy has the 

potential to selectively eliminate the leukemia clone while completely sparing the healthy B-cell compartment, thus 

avoiding the B-cell aplasia and long-term immunosuppression associated with anti-CD19 and anti-CD20 therapies. 

This exceptional tumor specificity has made ROR1 a high-priority target for the development of a wide range of TDDS 

modalities. These include naked monoclonal antibodies (e.g., zilovertamab/cirmtuzumab), potent ADCs (e.g., 

zilovertamab vedotin), CAR T-cell therapies, and small molecule inhibitors designed to block its intracellular kinase 

activity. The development of ROR1-targeted agents represents a strategic evolution in the field, moving beyond simply 

finding a target on the cancer cell to finding the perfect target—one that is both essential to the malignancy and 

exclusive to it. (40)   

 

Other Investigational Targets: Exploring Beyond the Standard 

While CD19 and ROR1 represent the leading targets for next-generation therapies, research continues to identify other 

potential surface molecules that could be exploited for targeted delivery. The motivation behind this search is often to 

further refine specificity and mitigate off-tumor toxicities. One promising strategy is to identify targets that are even 

more restricted to the malignant CLL clone. Molecules such as CD23 (which is characteristically co-expressed with 
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CD5 in CLL), the IgM Fc receptor (FCµR), and Siglec-6 are highly and consistently expressed on CLL cells but have 

very limited expression on normal B-cell subsets (1). Targeting these antigens with a modality like CAR T-cell therapy 

could, in theory, eliminate the leukemia while preserving a significant portion of the healthy B-cell repertoire, 

potentially reducing the severity and duration of hypogammaglobulinemia. Another pathway of interest is the B-cell 

activating factor (BAFF) system, which is critical for the survival of mature B cells. The BAFF receptor (BAFFR) is 

expressed on B-cell malignancies and is being explored as an alternative target for CAR T-cell therapy, with the 

rationale that targeting such a crucial survival receptor may be less susceptible to antigen escape. These investigational 

targets highlight the ongoing effort to fine-tune the balance between potent anti-tumor activity and the preservation of 

normal immune function. (41)    

 

Challenges in Clinical Translation and Future Perspectives 

Despite the immense scientific promise and compelling preclinical data, the path for translating advanced targeted drug 

delivery systems from the laboratory bench to the patient's bedside is fraught with significant challenges. These hurdles 

are not confined to a single domain but span the entire spectrum of drug development, from the fundamental 

complexities of manufacturing and navigating regulatory pathways to overcoming the sophisticated biological defenses 

of both the human body and the cancer itself. The successful clinical implementation of TDDS for CLL will require a 

deeply integrated, interdisciplinary effort that addresses these challenges head-on. Progress in this field is not simply an 

engineering problem of building a better nanocarrier, nor is it purely a biological problem of finding a better target. 

Rather, it is a symbiotic challenge where biological hurdles demand more sophisticated engineering solutions, and 

engineering limitations, in turn, constrain which biological strategies are clinically feasible. Acknowledging this 

intricate interplay is key to understanding the current landscape and charting a realistic course for the future. (1, 15) 

 

The "Bench-to-Bedside" Gap: Manufacturing, Scalability, and Regulatory Hurdles 

One of the most significant barriers to the widespread clinical adoption of nanomedicines is the sheer complexity of 

their manufacturing. Unlike traditional small molecule drugs, which are defined by a precise chemical structure, a 

nanomedicine is a complex system whose therapeutic properties are defined by a constellation of physicochemical 

characteristics, including particle size, size distribution, surface charge, drug loading efficiency, and the density and 

orientation of surface ligands.(42) Reproducibly manufacturing these complex entities at a small, laboratory scale is 

challenging enough; scaling up this production to an industrial level while maintaining strict batch-to-batch consistency 

is a formidable undertaking. This challenge is magnified exponentially for autologous cellular therapies like CAR T-

cells, which are not just a product but a personalized manufacturing process that must be successfully executed for each 

individual patient. (19    

This manufacturing complexity creates significant regulatory hurdles. The regulatory frameworks for these novel 

therapeutic modalities are still evolving, and there is a lack of established, standardized analytical methods for fully 

characterizing nanomedicines and cellular products.(17) This creates uncertainty for both developers, who must 

navigate a complex and often bespoke approval process, and for regulatory agencies, who are tasked with ensuring the 

safety and efficacy of these highly novel products.(43) Finally, the high cost of goods associated with these complex 

manufacturing processes translates into extremely high treatment costs. While the clinical benefit may be substantial, 

the financial toxicity and the challenge of ensuring equitable patient access are critical, real-world barriers that must be 

addressed for these therapies to have a broad impact on public health. (23)   

 

Addressing Biological Complexities: Immunogenicity, Off-Target Effects, and Tumor Heterogeneity 

Beyond the manufacturing and regulatory challenges, TDDS must contend with the complex and hostile biological 

environment of the human body. A primary biological barrier is immunogenicity. (44) The immune system is 

exquisitely designed to recognize and eliminate foreign entities, and engineered nanoparticles or cells expressing 

synthetic receptors can be perceived as such. Nanocarriers can be cleared by the RES, and in some cases, the immune 
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system can mount a specific response, generating anti-drug antibodies (ADAs) that can neutralize the therapy or cause 

hypersensitivity reactions. (45) This is a particular concern for CAR T-cells, where the patient's immune system can 

recognize the murine-derived scFv component of the CAR as foreign, leading to rejection of the therapeutic cells. (19)    

While TDDS are designed to minimize off-target effects, toxicity remains a critical concern. The concept of "on-target, 

off-tumour" toxicity is a direct consequence of a successful targeting strategy where the target antigen is also expressed 

on healthy tissues. The B-cell aplasia resulting from CD19-targeted therapies is the quintessential example of this 

phenomenon.(46) Even highly targeted SMIs are not perfectly specific and can have off-target effects on other kinases 

or proteins, contributing to their side-effect profiles. Furthermore, even with stealth coatings, nanocarriers inevitably 

accumulate to some degree in the organs of the RES, such as the liver and spleen, which can lead to organ-specific 

toxicities.(14)   

Finally, the inherent biological heterogeneity of CLL poses a fundamental challenge to any targeted therapy. CLL is not 

a monolithic disease; it is composed of multiple subclones with different genetic features. (3) A therapy that targets a 

single antigen or pathway exerts a powerful selective pressure, killing the susceptible clones but allowing for the 

outgrowth of pre-existing or newly emerged resistant subclones. This process of clonal evolution is a primary driver of 

relapse.(5) For cellular therapies, this can manifest as antigen escape, where the cancer cells downregulate or lose the 

target antigen (e.g., CD19) to evade recognition by the CAR T-cells. This biological reality underscores the need for 

therapeutic strategies that can address tumour heterogeneity from the outset. (37)    

  

The Future of TDDS in CLL: Personalised Nanomedicine, Theranostics, and Multi-Targeted Combination 

Strategies 

Overcoming these multifaceted challenges will require a continued evolution towards more sophisticated and 

personalised therapeutic strategies. The future of TDDS in CLL will likely be defined by three key trends: 

Personalised Nanomedicine: The goal will be to move away from a "one-size-fits-all" approach and toward tailoring 

the therapeutic strategy to the individual patient's disease biology. This will involve the deep molecular characterisation 

of each patient's CLL using prognostic markers like TP53 and IGHV status to guide the selection of the most 

appropriate TDDS. A crucial enabling technology for this will be the development of theranostics. These are 

integrated platforms that combine a therapeutic payload and a diagnostic imaging agent within a single nanocarrier. A 

theranostic agent could allow clinicians to visualise, in real-time, whether the drug is accumulating in the target tissues 

and to monitor the therapeutic response at a molecular level, enabling rapid adjustments to the treatment plan for truly 

personalised medicine. (47)   

Multi-Targeted Therapies: To combat the challenge of tumour heterogeneity and prevent the emergence of resistance, 

future TDDS will be designed to attack the cancer on multiple fronts simultaneously. For cellular therapies, this will 

involve the engineering of dual- or multi-antigen targeting CARs that can recognise more than one surface molecule 

(e.g., a CAR that targets both CD19 and ROR1), making it much more difficult for cancer cells to evade detection 

through antigen loss. For nanoparticle-based systems, this will involve the co-encapsulation and ratiometric delivery of 

multiple drugs that target different, complementary pathways, creating a synergistic effect that is more potent and less 

susceptible to resistance than single-agent therapy. (36)   

Integrated Treatment Paradigms: It is unlikely that any single TDDS will be a panacea for all CLL patients. Instead, 

the future of treatment will involve the rational and sequential integration of different therapeutic modalities. For 

example, a high-risk patient might first receive a targeted nanoparticle-based combination therapy designed to debulk 

the disease, overcome a specific resistance mutation, and improve their overall immune fitness. This could then be 

followed by a definitive, potentially curative cellular therapy, such as allogeneic CAR-NK cells, for which the patient is 

now a much better candidate. This vision of an integrated paradigm, where different forms of TDDS are used 

strategically throughout the disease course, represents the ultimate application of our understanding of both the 

disease's biology and the unique capabilities of these advanced therapeutic technologi (47) 
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II. CONCLUSION 

The treatment of Chronic Lymphocytic Leukemia (CLL) has evolved from traditional chemoimmunotherapy to 

molecularly targeted inhibitors, significantly improving patient outcomes but revealing new challenges such as lifelong 

therapy and drug resistance. These limitations have driven the emergence of advanced targeted drug delivery systems 

(TDDS) as a transformative therapeutic approach. TDDS encompasses two major strategies: genetically engineered 

cellular therapies and nanoparticle-based drug carriers. Cellular therapies like CD19-targeted CAR T-cells offer the 

potential for durable remissions and curative outcomes, with ongoing innovations addressing T-cell dysfunction and 

enhancing accessibility through allogeneic and ROR1-targeted platforms. Nanoparticle systems, on the other hand, 

enable precise drug delivery to CLL cells, improving efficacy, reducing toxicity, and overcoming resistance. Despite 

substantial challenges in manufacturing, regulation, and biological barriers, the integration of these technologies 

promises to redefine CLL management. By uniting cellular engineering and nanotechnology, targeted drug delivery 

systems represent the most promising frontier for achieving deeper, more durable disease control and advancing toward 

a potential cure for this chronic malignancy. 

 

REFERENCES 

(1) Zhang S, Kipps TJ. The pathogenesis of chronic lymphocytic leukemia. Ann Rev Pathol. 2014;9:103-18. 

(2) Eek D, Blowfield M, Krogh C, Chung H, Eyre TA. Development of a conceptual model of chronic lymphocytic 

leukemia to understand the patient experience. Patient. 2021;14(1):75-87. 

(3) Brown JR, Hallek MJ, Pagel JM. Chemoimmunotherapy versus targeted treatment in chronic lymphocytic 

leukemia. ASCO Educ Book. 2016;36:e387-98. 

(4) Bishoyi AK, Nouri S, Hussen A, Bayani A, Khaksari MN, Samarkhazan HS. Nanotechnology in leukemia therapy: 

revolutionizing targeted drug delivery and immune modulation. Clin Exp Med. 2025;25(1):166. 

(5) Cuesta-Mateos C, Brown JR, Terrón F, Muñoz-Calleja C. Role of CCR7 in pathogenesis of CLL. Front Immunol. 

2021;12:662866. 

(6) Quesada V, Ramsay AJ, Rodríguez D, Puente XS, Campo E, López-Otín C. Genomic landscape of chronic 

lymphocytic leukemia. BMC Med. 2013;11:124. 

(7) Rodríguez D, Bretones G, Arango JR, Valdespino V, Campo E, Quesada V, et al. Molecular pathogenesis of CLL. 

Int J Hematol. 2015;101(3):219-28. 

(8) Rodriguez A, Villuendas R, Yanez L, Gomez ME, Diaz R, Pollan M, et al. Molecular heterogeneity in CLL 

depending on BCR signaling. Leukemia. 2007;21(9):1984-91. 

(9) Tausch E, Schneider C, Stilgenbauer S. Risk-stratification in frontline CLL therapy. Hematology Am Soc Hematol 

Educ Program. 2024;2024(1):457-66. 

(10) Pekarsky Y, Zanesi N, Croce CM. Molecular basis of CLL. Semin Cancer Biol. 2010;20(6):370-6. 

(11) Pekarsky Y, Zanesi N, Croce CM. Molecular basis of CLL. Semin Cancer Biol. 2010;20(6):370-6. 

(12) Nahas MR, Arnason JE. Targeting CD20 in CLL. Blood Lymphat Cancer. 2015;5:43-53. 

(13) Vitale C, Burger JA. Chronic lymphocytic leukemia therapy: new targeted therapies. Expert Opin Pharmacother. 

2016;17(8):1077-89. 

(14) Tam C, Thomas P. Second-generation BTK inhibitors in CLL. Blood Adv. 2024;8(9). 

(15) Makhloufi Z, He W. Targeted drug delivery for CLL. Pharm Res. 2022;39(3):441-61. 

(16) Tewabe A, Abate A, Tamrie M, Seyfu A, Siraj EA. Targeted drug delivery—from magic bullet to nanomedicine. J 

Multidiscip Healthc. 2021;14:1711-24. 

(17) Manish G, Vimukta S. Targeted drug delivery system: a review. Res J Chem Sci. 2011;1(2):135-8. 

(18) Bertrand N, Wu J, Xu X, Kamaly N, Farokhzad OC. Cancer nanotechnology in modern biology. Adv Drug Deliv 

Rev. 2014;66:2-5. 

(19) Pattni BS, Torchilin VP. Targeted drug delivery systems: strategies and challenges. Target Drug Deliv. 2014:3-38. 



I J A R S C T    

    

 

               International Journal of Advanced Research in Science, Communication and Technology 

                          International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal 

Volume 6, Issue 6, March 2026 

Copyright to IJARSCT DOI: 10.48175/IJARSCT-32011   85 

www.ijarsct.co.in  

 
 
 

ISSN: 2581-9429 Impact Factor: 8.2 

 
(20) Tiwari G, Tiwari R, Sriwastawa B, et al. Drug delivery systems: updated review. Int J Pharm Investig. 

2012;2(1):2-11. 

(21) Hamad I, Harb AA, Bustanji Y. Liposome-based drug delivery in cancer. Pharmaceutics. 2024;16(3):400. 

(22) Mittal NK, Bhattacharjee H, Mandal B, et al. Targeted liposomal drug delivery for B-cell malignancies. J Drug 

Target. 2014;22(5):372-86. 

(23) Izadiyan Z, Misran M, Kalantari K, et al. Advances in liposomal nanomedicines. Int J Nanomedicine. 2025;1213-

62. 

(24) (Pourmadadi M, Dehaghi HM, Ghaemi A, et al. Polymeric nanoparticles for fludarabine delivery. Inorg Chem 

Commun. 2024;167:112819. 

(25) Jia W, Wu Y, Xie Y, et al. Polymeric nanoparticles for cancer immunotherapy. Adv Mater. 2025;37(8):2413603. 

(26) Trail PA, King DH, Dubowchik GM. Antibody-drug conjugates. Cancer Immunol Immunother. 2003;52(5):328-

37. 

(27) Nazama SK, Prasanth Y. Nanocarriers and their types for targeted drug delivery. Int J Pharm Sci Rev Res. 

2022;77(1):4. 

(28) Iyer P, Wang L. Emerging therapies in CLL. Cancers. 2023;15(5):1583. 

(29) Demirsoy ET. Precision medicine in CLL. Hematol Transfus Cell Ther. 2024;46:S6-7. 

(30) Jain N, Keating MJ, Thompson PA, Ferrajoli A, Burger JA, Estrov Z, et al. Ibrutinib and venetoclax for first-line 

treatment of CLL. N Engl J Med. 2019;380(22):2095–103. 

(31) Byrd JC. Targeting CD20 in CLL. Blood. 2019;133(10). 

(32) Ananthamurarugan M, Shah K. Anti-CD20 antibodies in lymphomas. Lymphatics. 2024;2(1):2. 32) Shah HR, 

Stephans DM. Anti-CD20 antibodies in CLL. Hematology. 2021;2021(1). 

(33) Bhatnagar B, Sinha S. Current and emerging therapeutic approaches in chronic lymphocytic leukemia. Leuk 

Lymphoma. 2022;63(1):1–15.)   

(34) Shah HR, Stephans DM. Anti-CD20 antibodies in CLL. Hematology. 2021;2021(1). 

(35) Ramos CA, Savoldo B, Dotti G. CD19 CAR trials. Cancer J. 2014;20(2):112-8. 

(36) Mancikova V, Smida M. CAR T-cell therapy in CLL. Int J Mol Sci. 2021;22:5536. 

(37) Heyman BM, Tzachanis D, Kipps TJ. Advances in CAR T-cell therapy in CLL. Cancers. 2022;14:1715. 

(38) Choi MY et al. UC-961 monoclonal antibody targeting ROR1. Clin Lymphoma Myeloma Leuk. 2015;S167-9. 

(39)  Hong W, Jia Y, Xiaoxia H, et al. ROR1 as a therapeutic target. Int J Gen Clin Med. 2025;1(1):1-6. 

(40) Pang Y, Ghosh N. CAR-based therapies for lymphoma. Front Oncol. 2024;14:1396395. 

(41) Luo D, Wang X, Zhuang X, Meng C, Zhang Q. Nanocarrier-based targeted drug delivery for cancer therapy: recent 

advances and future perspectives. J Control Release. 2021;338:443–57.)   

(42) Hua S, de Matos MBC, Metselaar JM, Storm G. Nanomedicine translation challenges. Front Pharmacol. 

2018;9:790. 

(43)  Dobrovolskaia MA. Immunological characterization of nanomaterials. Front Immunol. 2022;13:984252. 

(44) Blanco E, Shen H, Ferrari M. Principles of nanoparticle design for overcoming biological barriers to drug delivery. 

Nat Biotechnol. 2015;33(9):941–51. 

(45) Hartmann J, Schüßler-Lenz M, Bondanza A, Buchholz CJ. Clinical development of CAR T cells—challenges and 

opportunities in translating innovative treatment concepts. EMBO Mol Med. 2017;9(9):1183–97. 

(46) Landau DA, Carter SL, Stojanov P, et al. Evolution and impact of subclonal mutations in chronic lymphocytic 

leukemia. Cell. 2013;152(4):714–26. 

(47) Chen H, Zhang W, Zhu G, Xie J, Chen X. Rethinking cancer nanotheranostics. Nat Rev Mater. 2017;2(7):17024. 

 


