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Drug delivery systems (DDS) have undergone significant transformation over the past 

few decades, driven by advancements in materials science, nanotechnology, and 

biotechnology. Patents play a critical role in protecting innovations and shaping the 

commercialization of DDS technologies. This review highlights global patent trends, 

technological advancements, key innovation areas, and future perspectives in drug 

delivery systems. Patent analysis reveals exponential growth in filings, particularly in 

nanotechnology-based delivery, transdermal systems, and targeted therapies. The 

review also discusses geographical trends, challenges in patenting, and the evolving 

intellectual property (IP) landscape. 
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INTRODUCTION 

Drug delivery systems (DDS) constitute a critical 

domain within pharmaceutical sciences, focusing 

on the design and development of formulations 

and technologies that ensure the safe, effective, 

and targeted delivery of therapeutic agents to 

specific sites of action in the body. The primary 

objective of an ideal drug delivery system is to 

achieve optimal therapeutic concentration at the 

desired site for a prolonged duration while 

minimizing systemic side effects and improving 

patient compliance. Conventional dosage forms 

such as tablets, capsules, and injections, although 

widely used, often suffer from limitations 

including poor bioavailability, rapid metabolism, 

lack of specificity, and frequent dosing 

requirements, which may lead to suboptimal 

therapeutic outcomes [1]. In response to these 

limitations, significant advancements have been 

made in the field of drug delivery over the past few 

decades. Novel drug delivery systems (NDDS) 

such as controlled release systems, targeted 

delivery approaches, nanotechnology-based 

carriers, and biologics delivery platforms have 

transformed the therapeutic landscape. These 

innovations not only enhance drug solubility and 

stability but also allow for site-specific targeting 

and controlled drug release, thereby improving the 

overall efficacy and safety profile of 

https://www.ijpsjournal.com/
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pharmaceutical products [2]. As a result, the focus 

of pharmaceutical research has gradually shifted 

from the discovery of new chemical entities 

(NCEs) to the optimization of existing drugs 

through innovative delivery strategies. The 

increasing complexity of drug molecules, 

particularly with the emergence of biologics, 

peptides, proteins, and nucleic acid-based 

therapeutics, has further emphasized the 

importance of advanced drug delivery systems. 

These macromolecules often exhibit poor 

permeability, instability in physiological 

environments, and susceptibility to enzymatic 

degradation, making their effective delivery a 

major challenge. Consequently, the development 

of specialized delivery systems such as lipid 

nanoparticles, polymeric carriers, and 

microneedle-based systems has become essential 

to overcome these barriers [3]. This paradigm shift 

has significantly influenced research priorities in 

both academia and industry, leading to a surge in 

innovation and intellectual property generation. 

Patents play a pivotal role in fostering innovation 

in drug delivery systems by providing legal 

protection to novel inventions and enabling 

companies to secure a competitive advantage in 

the pharmaceutical market. A patent grants the 

inventor exclusive rights to manufacture, use, and 

commercialize an invention for a specified period, 

typically 20 years, in exchange for public 

disclosure of the invention. In the pharmaceutical 

industry, patents are particularly important due to 

the high cost and lengthy timelines associated with 

drug development. By protecting novel drug 

delivery technologies, patents incentivize 

investment in research and development (R&D) 

and facilitate the translation of scientific 

discoveries into marketable products [4]. In recent 

years, there has been a notable increase in patent 

filings related to drug delivery systems, reflecting 

the growing emphasis on formulation-based 

innovations. This trend is partly driven by the 

concept of “lifecycle management,” wherein 

pharmaceutical companies develop new 

formulations, delivery devices, or combination 

products to extend the commercial life of existing 

drugs beyond the expiration of their original 

patents. Such strategies, often referred to as 

“evergreening,” enable companies to maintain 

market exclusivity and maximize returns on 

investment while continuing to provide 

therapeutic benefits to patients [5]. As a result, 

drug delivery systems have become a major focus 

of patent activity, accounting for a significant 

proportion of pharmaceutical patents worldwide. 

The global patent landscape in drug delivery 

systems is characterized by intense competition 

and rapid technological evolution. Developed 

countries such as the United States, Europe, and 

Japan have traditionally dominated patent filings 

due to their strong research infrastructure and 

robust intellectual property frameworks. However, 

emerging economies, particularly China and India, 

have witnessed a substantial increase in patent 

activity in recent years, driven by government 

initiatives, increased R&D investment, and a 

growing pharmaceutical industry [6]. This shift 

indicates a more diversified and competitive 

global innovation ecosystem in the field of drug 

delivery. Technological advancements have 

played a key role in shaping patent trends in drug 

delivery systems. Nanotechnology, for instance, 

has revolutionized drug delivery by enabling the 

design of nanoscale carriers that can encapsulate 

drugs and deliver them to specific tissues or cells. 

Liposomes, dendrimers, solid lipid nanoparticles, 

and polymeric nanoparticles are among the most 

widely studied nanocarriers, and numerous patents 

have been filed to protect their unique 

compositions and applications [7]. Similarly, 

controlled and sustained release systems, which 

utilize polymers and other materials to regulate 

drug release over time, have been extensively 

patented due to their ability to improve therapeutic 
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outcomes and patient adherence. Another 

significant area of innovation is the development 

of smart and connected drug delivery devices. 

These systems integrate digital technologies such 

as sensors, wireless communication, and data 

analytics to monitor drug administration and 

patient adherence in real time. Examples include 

smart inhalers, insulin pumps, and wearable 

injectors, which not only enhance treatment 

efficacy but also provide valuable data for 

personalized medicine [8]. The convergence of 

pharmaceuticals and digital health technologies 

has opened new avenues for innovation and has led 

to a surge in patent filings in this interdisciplinary 

field. Despite the rapid growth in patent activity, 

the drug delivery patent landscape also presents 

several challenges. Patent thickets, overlapping 

claims, and litigation issues can create barriers to 

innovation and limit market entry for new players. 

Additionally, the high cost of patent filing and 

maintenance, coupled with stringent regulatory 

requirements, can pose significant challenges for 

small and medium-sized enterprises (SMEs) and 

academic institutions [9]. Furthermore, not all 

patented technologies successfully translate into 

commercial products, highlighting the need for a 

balanced approach that considers both scientific 

feasibility and market viability. 

2. Importance Of Patents In Drug Delivery 

Systems 

Patents constitute a fundamental pillar in the 

advancement of pharmaceutical sciences, 

particularly in the domain of drug delivery systems 

(DDS). As the pharmaceutical industry 

increasingly shifts its focus from the discovery of 

new chemical entities to the optimization of 

existing drugs, patents related to drug delivery 

technologies have gained substantial importance. 

These patents not only safeguard intellectual 

property (IP) but also drive innovation, ensure 

commercial viability, and facilitate technological 

progress in the healthcare sector. 

2.1 Protection of Intellectual Property Rights 

One of the primary roles of patents in drug delivery 

systems is the protection of intellectual property 

rights. Drug delivery technologies often involve 

complex formulations, novel excipients, and 

innovative mechanisms that require significant 

investment in research and development. By 

granting exclusive rights to inventors, patents 

prevent unauthorized use, reproduction, or 

commercialization of these innovations for a 

specified period, typically 20 years [10]. This 

exclusivity allows innovators to recover 

development costs and gain a competitive 

advantage in the pharmaceutical market. 

2.2 Encouragement of Research and 

Development (R&D) 

The pharmaceutical industry is characterized by 

high R&D costs, long development timelines, and 

a high risk of failure. In this context, patents serve 

as a critical incentive for companies and research 

institutions to invest in the development of 

advanced drug delivery systems. The assurance of 

market exclusivity encourages the exploration of 

novel technologies such as nanocarriers, targeted 

delivery systems, and smart drug delivery devices 

[11]. Without patent protection, competitors could 

easily replicate innovations, thereby discouraging 

investment in high-risk research areas. 

2.3 Facilitation of Technology 

Commercialization 

Patents play a vital role in bridging the gap 

between laboratory research and commercial 

application. Drug delivery innovations developed 

in academic or research settings often require 

industrial collaboration for large-scale production 
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and marketing. Patents provide a legal framework 

that enables licensing agreements, technology 

transfer, and partnerships between academia and 

industry [12]. This facilitates the translation of 

innovative drug delivery technologies into 

commercially viable products that can benefit 

patients. 

2.4 Lifecycle Management and Market 

Exclusivity 

In the pharmaceutical industry, patents are 

strategically used for lifecycle management of 

drugs. After the expiration of the original patent 

for a drug molecule, companies often develop new 

drug delivery systems, such as modified-release 

formulations, transdermal patches, or combination 

products, to extend market exclusivity. This 

practice, commonly referred to as “evergreening,” 

allows companies to maintain their market 

position while offering improved therapeutic 

options [13]. Drug delivery patents thus play a 

crucial role in sustaining the commercial success 

of pharmaceutical products. 

2.5 Promotion of Innovation in Formulation 

Science 

Drug delivery systems are inherently 

interdisciplinary, involving aspects of chemistry, 

biology, material science, and engineering. Patents 

in this field promote innovation by encouraging 

the development of novel formulation strategies, 

such as: 

• Nanoparticle-based delivery systems 

• Liposomal and vesicular carriers 

• Controlled and sustained release formulations 

• Stimuli-responsive delivery systems 

These innovations enhance drug stability, 

bioavailability, and targeting efficiency, thereby 

improving therapeutic outcomes [14]. The 

protection offered by patents ensures that 

researchers and companies are motivated to 

explore and develop such advanced technologies. 

2.6 Competitive Advantage and Market 

Positioning 

Patents provide a significant competitive 

advantage to pharmaceutical companies by 

establishing technological leadership in specific 

areas of drug delivery. Companies with strong 

patent portfolios can dominate niche markets, 

restrict competition, and negotiate favorable 

licensing agreements. Moreover, patents serve as 

valuable intangible assets that enhance the overall 

valuation of a company and attract investment 

from stakeholders [15]. In highly competitive 

therapeutic areas, such as oncology and biologics, 

patent protection of drug delivery systems can be 

a key differentiating factor. 
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Figure 1 : Importance of Patents in Drug Delivery Systems – A Schematic Representation of Key Roles 

and Impacts 

2.7 Contribution to Knowledge Dissemination 

Although patents grant exclusive rights, they also 

require the public disclosure of detailed 

information about the invention. This disclosure 

contributes to the dissemination of scientific 

knowledge and promotes further research and 

innovation. Researchers can analyze patent 

documents to understand existing technologies, 

identify gaps, and develop improved drug delivery 

systems [16]. Thus, patents serve a dual purpose of 

protecting innovation while simultaneously 

advancing scientific progress. 

2.8 Support for Regulatory Approval and 

Market Access 

Patented drug delivery systems often demonstrate 

improved safety, efficacy, and patient compliance, 

which can facilitate regulatory approval. 

Regulatory agencies such as the FDA and EMA 

recognize the value of innovative delivery 

technologies in enhancing therapeutic outcomes. 

Additionally, patented technologies can provide a 

unique selling proposition (USP) that supports 

market access and reimbursement decisions [17]. 

This is particularly important in the case of 

complex formulations and biologics, where 

delivery plays a critical role in therapeutic success. 

2.9 Economic Impact and Industry Growth 

The economic significance of patents in drug 

delivery systems is substantial. The 

pharmaceutical industry contributes significantly 

to global economic growth, and patented 

innovations in drug delivery systems are a major 

driver of this growth. By enabling the development 

of high-value products and fostering competition, 

patents contribute to job creation, revenue 

generation, and technological advancement [18]. 

Furthermore, countries with strong patent systems 

tend to attract more foreign investment in 

pharmaceutical research and manufacturing. 

2.10 Addressing Unmet Medical Needs 
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Patents in drug delivery systems also play a crucial 

role in addressing unmet medical needs. Advanced 

delivery technologies enable the treatment of 

diseases that were previously difficult to manage 

due to poor drug solubility, instability, or lack of 

targeting. For example, targeted drug delivery 

systems have significantly improved the treatment 

of cancer by delivering drugs directly to tumor 

cells while minimizing damage to healthy tissues 

[19]. By protecting such innovations, patents 

encourage the development of solutions for 

complex medical challenges. 

3. Global Patent Landscape In Drug Delivery 

Systems 

3.1 Global Patent Trends 

The global patent landscape in drug delivery 

systems (DDS) has undergone significant 

transformation over the past few decades, 

reflecting the rapid pace of innovation in 

pharmaceutical sciences. Patent filings in this 

domain have increased steadily, particularly since 

the early 2000s, driven by the need to improve 

therapeutic efficacy, enhance patient compliance, 

and overcome limitations associated with 

conventional dosage forms. The growing 

complexity of modern therapeutics, including 

biologics, peptides, and nucleic acid-based drugs, 

has further necessitated the development of 

advanced delivery systems, thereby stimulating 

patent activity worldwide. In addition, the 

expiration of patents for several blockbuster drugs 

has encouraged pharmaceutical companies to 

invest in novel drug delivery technologies as part 

of lifecycle management strategies, ensuring 

continued market exclusivity and profitability 

[20]. Technological convergence involving 

nanotechnology, material science, and digital 

health has also contributed to the expansion of the 

patent landscape, with innovations increasingly 

focusing on multifunctional delivery systems 

capable of targeted and controlled drug release 

[21]. 

3.2 Geographical Distribution of Patents 

The geographical distribution of patents in drug 

delivery systems reveals significant variation 

across regions, reflecting differences in economic 

development, research infrastructure, and 

intellectual property regulations. Historically, 

developed regions such as North America, Europe, 

and Japan have dominated the patent landscape 

due to their well-established pharmaceutical 

industries and strong emphasis on research and 

development. The United States, in particular, 

holds a leading position in patent filings, supported 

by a robust innovation ecosystem, favorable 

regulatory policies, and substantial investment in 

biomedical research. European countries, 

including Germany, the United Kingdom, and 

France, have also contributed significantly through 

collaborative research initiatives and academic-

industrial partnerships. Japan has been a key 

contributor in areas such as polymer-based drug 

delivery and controlled release technologies. In 

recent years, emerging economies such as China 

and India have shown remarkable growth in patent 

activity. China’s rapid rise can be attributed to 

government policies promoting innovation, 

increased funding for research, and expansion of 

its pharmaceutical sector [22]. Similarly, India has 

emerged as an important player in the 

development of cost-effective and generic drug 

delivery systems, reflecting its strong presence in 

the global pharmaceutical market. 

3.3 Key Technological Domains in Patent 

Filings 

Patent filings in drug delivery systems encompass 

a wide range of technological domains, each 

representing a distinct area of innovation. 

Nanotechnology-based delivery systems have 
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become one of the most prominent fields, with 

patents focusing on liposomes, polymeric 

nanoparticles, solid lipid nanoparticles, and 

dendrimers. These nanoscale carriers offer 

significant advantages, including improved drug 

solubility, enhanced bioavailability, and targeted 

delivery to specific tissues or cells, thereby 

reducing systemic toxicity [23]. Controlled and 

sustained release systems also represent a major 

area of patent activity, as they enable the 

maintenance of therapeutic drug levels over 

extended periods, reducing dosing frequency and 

improving patient adherence. Innovations in this 

domain include the use of biodegradable 

polymers, hydrogels, and implantable delivery 

systems that provide precise control over drug 

release kinetics [24]. Another rapidly growing area 

is the delivery of biologics and gene-based 

therapeutics, which require specialized delivery 

mechanisms due to their large molecular size and 

instability in physiological environments. Patents 

in this domain often focus on lipid nanoparticles, 

viral and non-viral vectors, and polymer-based 

carriers designed to protect and efficiently deliver 

these molecules to target sites [25]. Additionally, 

alternative routes of drug administration, such as 

transdermal, pulmonary, and nasal delivery 

systems, have gained considerable attention, as 

they offer non-invasive options and improve 

patient compliance by bypassing the 

gastrointestinal tract and first-pass metabolism 

[26]. The integration of digital technologies into 

drug delivery systems has further expanded the 

scope of patent filings, with smart and connected 

devices enabling real-time monitoring and 

personalized therapy [27]. 

3.4 Major Patent Holders and Industry 

Participation 

The patent landscape in drug delivery systems is 

characterized by active participation from a 

diverse range of stakeholders, including 

pharmaceutical companies, biotechnology firms, 

and academic institutions. Large pharmaceutical 

companies such as Pfizer, Novartis, and Johnson 

& Johnson maintain extensive patent portfolios in 

DDS, reflecting their substantial investment in 

research and development. These organizations 

focus on developing innovative delivery platforms 

that can be applied across multiple therapeutic 

areas, thereby maximizing the commercial 

potential of their products. Biotechnology 

companies, particularly those involved in 

biologics and gene therapy, have also emerged as 

key contributors to patent activity. Firms such as 

Moderna and BioNTech have gained prominence 

through their work on mRNA delivery systems, 

which have become a major area of innovation in 

recent years. Academic and research institutions 

play a crucial role in early-stage innovation, often 

generating novel concepts and technologies that 

are later commercialized through industry 

collaborations and licensing agreements [28]. This 

collaborative ecosystem has significantly 

contributed to the growth and diversification of the 

patent landscape in drug delivery systems. 

3.5 Temporal Trends and Evolution of Patent 

Activity 

The evolution of patent activity in drug delivery 

systems can be broadly categorized into distinct 

phases, each characterized by specific 

technological advancements. Prior to the 2000s, 

the focus was primarily on conventional controlled 

release formulations, including matrix tablets and 

reservoir systems. Between 2000 and 2010, the 

emergence of nanotechnology and targeted drug 

delivery marked a significant shift in research 

priorities, leading to increased patent filings in 

these areas. The period from 2010 to 2020 

witnessed rapid growth in biologics and 

personalized medicine, with patents focusing on 
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delivery systems for proteins, peptides, and 

nucleic acids. The COVID-19 pandemic further 

accelerated innovation in mRNA delivery systems, 

resulting in a surge in related patents globally. In 

the post-2020 era, there has been a growing 

emphasis on the integration of digital technologies 

with drug delivery systems, leading to the 

development of smart and connected devices that 

enable real-time monitoring and improved patient 

adherence. These temporal trends highlight the 

dynamic nature of the patent landscape and its 

responsiveness to emerging healthcare needs and 

technological advancements. 

3.6 Challenges in the Global Patent Landscape 

Despite the rapid growth in patent activity, the 

global patent landscape in drug delivery systems 

faces several challenges. One of the major issues 

is the existence of patent thickets, where 

overlapping patents create a complex web of 

intellectual property rights that can hinder 

innovation and limit market entry for new players. 

The high cost associated with patent filing, 

prosecution, and maintenance also poses a 

significant barrier, particularly for small and 

medium-sized enterprises and academic 

institutions. Additionally, variations in patent laws 

and regulatory requirements across different 

countries complicate the process of obtaining and 

enforcing patent protection on a global scale [29]. 

Another challenge is the gap between patenting 

and commercialization, as not all patented 

technologies successfully translate into 

marketable products due to technical, regulatory, 

or economic constraints. These challenges 

underscore the need for a balanced approach that 

promotes innovation while ensuring accessibility 

and affordability of advanced drug delivery 

systems. 

3.7 Future Outlook and Opportunities 

The future of the global patent landscape in drug 

delivery systems is expected to be shaped by 

several emerging trends and opportunities. 

Advances in artificial intelligence and machine 

learning are likely to play a significant role in the 

design and optimization of drug delivery systems, 

enabling the development of more efficient and 

personalized therapies. The increasing focus on 

precision medicine will further drive innovation in 

targeted delivery technologies, while the growing 

importance of gene and cell therapies will 

necessitate the development of novel delivery 

platforms. Additionally, there is a rising interest in 

sustainable and biodegradable materials for drug 

delivery, reflecting broader environmental 

concerns. Patent analytics will continue to serve as 

a valuable tool for identifying technological 

trends, guiding research strategies, and informing 

policy decisions [30]. Overall, the global patent 

landscape in drug delivery systems is poised for 

continued growth, driven by ongoing 

advancements in science and technology and the 

increasing demand for innovative healthcare 

solutions. 

Table 1: Global Distribution of Drug Delivery System Patents by Region 

Region Key Countries Major Focus Areas Trend 

North America USA, Canada Nanotechnology, biologics, smart devices High & stable 

Europe Germany, UK, France Controlled release, transdermal systems Moderate 

Asia-Pacific China, Japan, India Nanocarriers, generics, cost-effective DDS Rapid growth 

Latin America Brazil, Mexico Generic drug delivery Emerging 

Middle East UAE, Saudi Arabia Basic DDS research Developing 
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4. Emerging Patent Trends In Drug Delivery 

Technologies 

4.1 Nanotechnology-Based Drug Delivery 

Systems 

Nanotechnology has emerged as one of the most 

influential drivers of innovation in drug delivery 

systems, significantly reflected in global patent 

activity. The application of nanoscale materials 

enables the design of carriers with enhanced 

physicochemical properties, including improved 

solubility, stability, and targeting capabilities. 

Patent filings in this domain have increased 

substantially due to the ability of nanocarriers such 

as liposomes, polymeric nanoparticles, solid lipid 

nanoparticles, and dendrimers to encapsulate both 

hydrophilic and hydrophobic drugs effectively. 

These systems facilitate targeted delivery by 

exploiting mechanisms such as enhanced 

permeability and retention (EPR) effect, thereby 

improving therapeutic outcomes while minimizing 

systemic toxicity. Additionally, functionalization 

of nanoparticles with ligands such as antibodies, 

peptides, or small molecules has enabled active 

targeting, further increasing the specificity of drug 

delivery. The versatility and adaptability of 

nanotechnology-based platforms have made them 

a focal point of patent strategies, with numerous 

innovations aimed at improving drug loading 

efficiency, release kinetics, and biocompatibility 

[31]. Despite challenges related to scalability and 

regulatory approval, the continued expansion of 

nanomedicine underscores its importance in the 

patent landscape of drug delivery systems. 

4.2 Controlled and Sustained Release 

Technologies 

Controlled and sustained release drug delivery 

systems represent a cornerstone of pharmaceutical 

innovation, with extensive patent activity observed 

over the years. These systems are designed to 

release drugs at predetermined rates, maintaining 

therapeutic drug concentrations for extended 

periods and reducing the need for frequent dosing. 

Patents in this area often focus on the development 

of novel polymers, matrix systems, and coating 

technologies that enable precise control over drug 

release kinetics. Biodegradable polymers such as 

polylactic acid (PLA) and polylactic-co-glycolic 

acid (PLGA) have been widely utilized in patented 

formulations due to their favorable safety profiles 

and ability to degrade into non-toxic byproducts. 

Innovations also include the use of hydrogels, 

osmotic pump systems, and implantable devices 

that provide long-term drug release. The growing 

prevalence of chronic diseases, which require 

sustained therapeutic intervention, has further 

driven patent activity in this field. Moreover, 

advancements in material science have enabled the 

development of stimuli-responsive systems that 

release drugs in response to environmental triggers 

such as pH, temperature, or enzymatic activity, 

thereby enhancing therapeutic precision [32]. 

4.3 Drug Solubility and Bioavailability 

Enhancement Technologies 

Poor aqueous solubility remains a major challenge 

in drug development, affecting a significant 

proportion of newly discovered compounds. As a 

result, there has been a substantial increase in 

patent filings related to technologies aimed at 

enhancing drug solubility and bioavailability. 

These innovations include solid dispersions, self-

emulsifying drug delivery systems (SEDDS), 

cyclodextrin inclusion complexes, and nanocrystal 

formulations. Solid dispersion techniques involve 

the dispersion of poorly soluble drugs in 

hydrophilic carriers, thereby improving 

dissolution rates and absorption. SEDDS, on the 

other hand, utilize lipid-based formulations that 

spontaneously form emulsions upon contact with 

gastrointestinal fluids, enhancing drug 
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solubilization and permeability. Cyclodextrins are 

cyclic oligosaccharides that form inclusion 

complexes with drug molecules, improving their 

solubility and stability. Nanocrystal technology 

reduces particle size to the nanometer range, 

thereby increasing surface area and dissolution 

rate. These approaches have been extensively 

patented due to their ability to address one of the 

most critical limitations in pharmaceutical 

development and to improve the therapeutic 

performance of existing drugs [33]. 

4.4 Biologics and Nucleic Acid Delivery Systems 

The rapid growth of biologics and nucleic acid-

based therapeutics has significantly influenced 

patent trends in drug delivery systems. Biologics, 

including proteins, peptides, and monoclonal 

antibodies, as well as nucleic acid-based drugs 

such as mRNA and siRNA, present unique 

challenges related to stability, permeability, and 

immunogenicity. To address these challenges, a 

wide range of delivery technologies have been 

developed and patented. Lipid nanoparticles 

(LNPs) have gained particular prominence due to 

their success in delivering mRNA vaccines, as 

demonstrated during the COVID-19 pandemic. 

These systems protect nucleic acids from 

degradation and facilitate their uptake by target 

cells. Other approaches include polymer-based 

carriers, viral vectors, and hybrid systems that 

combine multiple delivery mechanisms. Patent 

activity in this area is highly competitive, with 

contributions from pharmaceutical companies, 

biotechnology firms, and academic institutions. 

The increasing importance of gene therapy and 

personalized medicine is expected to further drive 

innovation and patent filings in biologics delivery 

systems [34]. 

4.5 Targeted and Site-Specific Drug Delivery 

Systems 

Targeted drug delivery systems aim to deliver 

therapeutic agents specifically to diseased tissues 

or cells, thereby maximizing therapeutic efficacy 

while minimizing adverse effects. Patent trends in 

this area have focused on the development of 

carriers that can recognize and bind to specific 

biological markers, such as receptors or antigens 

expressed on target cells. Ligand-based targeting, 

antibody-drug conjugates (ADCs), and receptor-

mediated delivery systems are among the most 

widely patented approaches. These systems utilize 

molecular recognition mechanisms to achieve 

precise localization of drugs, which is particularly 

important in the treatment of diseases such as 

cancer. Advances in molecular biology and 

biotechnology have enabled the identification of 

novel targets and the development of highly 

specific delivery systems. Additionally, stimuli-

responsive systems that release drugs in response 

to specific physiological conditions, such as pH 

changes in tumor microenvironments, have gained 

significant attention. The growing emphasis on 

precision medicine has further accelerated patent 

activity in targeted drug delivery systems [35]. 

4.6 Transdermal, Pulmonary, and Alternative 

Route Delivery Systems 

The exploration of alternative routes of drug 

administration has become a major focus of patent 

activity in drug delivery systems. Transdermal 

delivery systems, including patches and 

microneedles, offer a non-invasive approach that 

bypasses the gastrointestinal tract and first-pass 

metabolism, thereby improving bioavailability and 

patient compliance. Pulmonary delivery systems, 

such as inhalers and nebulizers, are particularly 

effective for the treatment of respiratory diseases 

and for systemic delivery of certain drugs due to 

the large surface area and high vascularization of 

the lungs. Nasal delivery systems have also gained 

attention for their potential to deliver drugs 
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directly to the brain via the olfactory pathway. 

Patents in this domain often focus on formulation 

optimization, device design, and enhancement of 

drug permeation across biological barriers. These 

alternative delivery routes provide significant 

advantages over conventional methods and have 

become an important area of innovation in the 

pharmaceutical industry [36]. 

4.7 Smart and Connected Drug Delivery 

Devices 

The integration of digital technologies with drug 

delivery systems has led to the development of 

smart and connected devices, representing a 

rapidly growing area of patent activity. These 

systems incorporate sensors, wireless 

communication technologies, and data analytics to 

monitor drug administration and patient adherence 

in real time. Examples include smart inhalers, 

wearable injectors, and insulin pumps that can 

adjust drug delivery based on patient-specific 

parameters. These devices not only improve 

therapeutic outcomes but also enable personalized 

treatment and remote patient monitoring. Patent 

filings in this area reflect the convergence of 

pharmaceuticals, medical devices, and 

information technology, highlighting the 

interdisciplinary nature of modern drug delivery 

systems. The increasing adoption of digital health 

solutions and the growing emphasis on patient-

centric care are expected to drive further 

innovation and patent activity in this field [37]. 

4.8 3D Printing and Advanced Manufacturing 

Technologies 

Three-dimensional (3D) printing has emerged as a 

transformative technology in pharmaceutical 

manufacturing, enabling the production of 

customized drug delivery systems with precise 

control over dosage, release profiles, and 

geometry. Patent activity in this area has increased 

significantly, focusing on the development of 

novel printing techniques, materials, and 

formulations. 3D printing allows for the 

fabrication of complex structures, such as 

multilayer tablets and personalized dosage forms, 

which are difficult to achieve باستخدام conventional 

manufacturing methods. This technology has 

significant implications for personalized medicine, 

as it enables the production of patient-specific 

drug delivery systems tailored to individual needs. 

Additionally, advancements in additive 

manufacturing have facilitated the development of 

implantable devices and tissue-engineered 

constructs for drug delivery. The growing interest 

in 3D printing reflects its potential to revolutionize 

pharmaceutical manufacturing and expand the 

possibilities of drug delivery systems [38]. 

4.9 Green and Sustainable Drug Delivery 

Systems 

Environmental sustainability has become an 

important consideration in pharmaceutical 

development, leading to increased patent activity 

in green and sustainable drug delivery systems. 

These innovations focus on the use of 

biodegradable materials, eco-friendly 

manufacturing processes, and reduction of 

environmental impact. Natural polymers such as 

chitosan, alginate, and cellulose derivatives have 

gained attention due to their biocompatibility and 

biodegradability. Patents in this domain also 

emphasize the development of solvent-free 

processes and energy-efficient manufacturing 

techniques. The adoption of sustainable practices 

not only addresses environmental concerns but 

also aligns with regulatory requirements and 

public expectations. As sustainability becomes a 

key priority in the pharmaceutical industry, it is 

expected to drive further innovation and patent 

activity in drug delivery systems [39]. 
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4.10 Artificial Intelligence and Data-Driven 

Drug Delivery Design 

Artificial intelligence (AI) and machine learning 

have recently emerged as powerful tools in the 

design and optimization of drug delivery systems. 

Patent filings in this area focus on the use of 

computational models to predict drug behavior, 

optimize formulation parameters, and design novel 

delivery platforms. AI can analyze large datasets 

to identify patterns and relationships that are not 

readily apparent through traditional methods, 

thereby accelerating the development process and 

reducing costs. Applications include the prediction 

of drug release kinetics, optimization of 

nanoparticle design, and identification of suitable 

excipients. The integration of AI with drug 

delivery systems represents a paradigm shift in 

pharmaceutical research, enabling more efficient 

and precise development of therapeutic solutions. 

As digital technologies continue to evolve, the role 

of AI in drug delivery is expected to expand, 

leading to increased patent activity and innovation 

in this field [40]. 

Figure 2: Key Patent Trends in Drug Delivery Systems – A Comprehensive Flowchart of Emerging 

Technologies and Innovations 

5. Patent Strategies In Drug Delivery Systems 

5.1 Lifecycle Management and Evergreening 

Strategies 

Patent strategies in drug delivery systems (DDS) 

are closely aligned with lifecycle management 

approaches adopted by pharmaceutical companies 

to maximize the commercial value of their 

products. One of the most widely employed 

strategies is “evergreening,” which involves 

obtaining secondary patents on modified 

formulations, new delivery systems, or alternative 

routes of administration for existing drugs. This 

approach allows companies to extend market 

exclusivity beyond the expiration of the original 

patent for the active pharmaceutical ingredient 

(API). In the context of drug delivery systems, 

evergreening often includes the development of 

controlled-release formulations, transdermal 

patches, liposomal encapsulations, and 

combination products that offer improved 

therapeutic profiles. These innovations not only 

provide commercial advantages but also enhance 

patient compliance and clinical outcomes. The 

strategic use of secondary patents has become a 

critical tool for sustaining revenue streams in the 

highly competitive pharmaceutical market, 
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particularly in cases where the development of 

new chemical entities is associated with high risk 

and cost [41]. 

5.2 Formulation and Process Patent Strategies 

Formulation and process patents represent a 

significant component of intellectual property 

protection in drug delivery systems. Formulation 

patents cover the composition of drug products, 

including excipients, carriers, and delivery 

mechanisms, while process patents protect the 

methods used to manufacture these formulations. 

In DDS, formulation patents often focus on 

innovative delivery platforms such as 

nanoparticles, liposomes, and polymeric systems 

that enhance drug stability, solubility, and 

bioavailability. Process patents, on the other hand, 

may involve novel techniques for encapsulation, 

coating, or controlled release. These patents are 

particularly valuable because they can provide 

protection even when the active ingredient is no 

longer under patent protection. Moreover, 

formulation and process innovations are often less 

susceptible to regulatory challenges compared to 

new drug entities, making them attractive targets 

for patenting. The strategic combination of 

formulation and process patents enables 

companies to build robust intellectual property 

portfolios that can effectively deter competition 

and support long-term market presence [42]. 

5.3 Combination Product and Device-Based 

Patent Strategies 

The integration of drugs with medical devices has 

led to the emergence of combination products, 

which are increasingly becoming a focus of patent 

strategies in drug delivery systems. Examples 

include prefilled syringes, auto-injectors, inhalers, 

and implantable delivery devices. Patents in this 

domain typically cover both the drug formulation 

and the device used for its administration, 

providing multiple layers of protection. Device-

based innovations often address issues such as 

dosing accuracy, ease of use, and patient 

adherence, thereby enhancing the overall 

therapeutic experience. The growing trend towards 

personalized medicine and home-based healthcare 

has further increased the demand for user-friendly 

and technologically advanced delivery devices. As 

a result, companies are investing in the 

development of smart and connected devices that 

incorporate digital technologies for monitoring 

and controlling drug delivery. These combination 

products not only offer significant clinical benefits 

but also create new opportunities for patent 

protection and market differentiation [43]. 

5.4 Platform Technology and Broad-Scope 

Patenting 

Platform technology strategies involve the 

development of versatile drug delivery systems 

that can be applied to multiple drugs and 

therapeutic areas. Such platforms may include 

nanoparticle systems, polymer-based carriers, or 

lipid-based delivery technologies that can be 

adapted for different applications. Patents 

covering platform technologies are highly 

valuable because they provide broad protection 

and can be leveraged across a range of products. 

This approach allows companies to maximize the 

return on investment in research and development 

by applying the same technology to multiple drug 

candidates. Additionally, platform technologies 

facilitate collaborations and licensing agreements, 

as they can be easily integrated into the 

development pipelines of other organizations. The 

use of broad-scope patents to protect platform 

technologies is a common strategy in the 

pharmaceutical industry, particularly in emerging 

fields such as gene therapy and nanomedicine, 

where delivery systems play a critical role in 

therapeutic success [44]. 



Shivani Nangare, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 5, 6049-6073 |Review    

                 

              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                                 6062 | P a g e  

5.5 Strategic Patent Filing and Geographic 

Expansion 

The global nature of the pharmaceutical industry 

necessitates strategic patent filing across multiple 

jurisdictions to ensure comprehensive protection 

of drug delivery innovations. Companies typically 

file patents in major markets such as the United 

States, Europe, Japan, and increasingly in 

emerging economies like China and India. The 

selection of jurisdictions is influenced by factors 

such as market size, regulatory environment, and 

potential for commercial success. International 

agreements such as the Patent Cooperation Treaty 

(PCT) facilitate the filing of patents in multiple 

countries through a single application, 

streamlining the process and reducing costs. 

Strategic timing of patent filings is also critical, as 

early filing can secure priority rights and prevent 

competitors from obtaining similar patents. 

However, companies must balance the benefits of 

broad geographic protection with the costs 

associated with patent prosecution and 

maintenance. Effective patent filing strategies are 

essential for maximizing the global reach and 

commercial potential of drug delivery 

technologies [45]. 

5.6 Defensive and Offensive Patent Strategies 

Pharmaceutical companies employ both defensive 

and offensive patent strategies to protect their 

intellectual property and maintain competitive 

advantage. Defensive strategies involve the filing 

of patents to prevent competitors from entering a 

particular technological space, even if the 

company does not intend to commercialize the 

invention immediately. This approach creates 

barriers to entry and preserves strategic options for 

future development. Offensive strategies, on the 

other hand, focus on actively enforcing patent 

rights through litigation or licensing agreements to 

generate revenue and deter infringement. In the 

context of drug delivery systems, offensive 

strategies may involve asserting patents related to 

key technologies such as nanoparticle 

formulations or delivery devices. The combination 

of defensive and offensive approaches allows 

companies to effectively manage their patent 

portfolios and respond to competitive pressures in 

the market [46]. 

5.7 Patent Portfolio Management and 

Valuation 

Effective management of patent portfolios is 

crucial for maximizing the value of intellectual 

property assets in drug delivery systems. Patent 

portfolios typically consist of a combination of 

primary patents, secondary patents, and 

continuation patents that provide layered 

protection for a particular technology. Companies 

must regularly evaluate their portfolios to identify 

valuable assets, eliminate redundant patents, and 

align their intellectual property strategies with 

business objectives. Patent valuation plays a key 

role in this process, as it determines the economic 

worth of individual patents and the overall 

portfolio. Factors influencing patent value include 

the scope of claims, technological significance, 

market potential, and remaining patent life. High-

value patents can be leveraged for licensing, 

partnerships, or mergers and acquisitions, thereby 

contributing to the financial growth of the 

organization. In the competitive landscape of drug 

delivery systems, a well-managed patent portfolio 

is a critical asset that supports innovation and 

commercial success [47]. 

5.8 Licensing, Collaboration, and Technology 

Transfer Strategies 

Licensing and collaboration are integral 

components of patent strategies in drug delivery 

systems, enabling the sharing of knowledge and 

resources among different stakeholders. 
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Pharmaceutical companies often collaborate with 

academic institutions, research organizations, and 

biotechnology firms to access novel technologies 

and accelerate product development. Licensing 

agreements allow companies to acquire rights to 

patented technologies developed by others, 

thereby expanding their capabilities without the 

need for extensive in-house research. Conversely, 

companies may also license their own patents to 

generate additional revenue streams. Technology 

transfer from academia to industry is facilitated by 

patent protection, which ensures that inventors 

receive recognition and financial benefits for their 

contributions. These collaborative strategies not 

only enhance innovation but also promote the 

efficient utilization of resources in the 

development of advanced drug delivery systems 

[48]. 

5.9 Regulatory and Legal Considerations in 

Patent Strategies 

Patent strategies in drug delivery systems must be 

aligned with regulatory requirements and legal 

frameworks governing pharmaceutical products. 

Regulatory agencies such as the U.S. Food and 

Drug Administration (FDA) and the European 

Medicines Agency (EMA) play a critical role in 

determining the approval and commercialization 

of drug delivery technologies. Patent holders must 

ensure that their innovations comply with 

regulatory standards related to safety, efficacy, and 

quality. Additionally, legal challenges such as 

patent infringement, opposition proceedings, and 

litigation can significantly impact the success of 

patent strategies. The increasing complexity of 

drug delivery technologies has also led to more 

sophisticated patent claims, which require careful 

drafting to ensure enforceability. Companies must 

adopt a comprehensive approach that integrates 

patent strategy with regulatory and legal 

considerations to achieve successful 

commercialization of their products [49]. 

5.10 Future Directions in Patent Strategies for 

Drug Delivery Systems 

The future of patent strategies in drug delivery 

systems is expected to be shaped by emerging 

technologies and evolving market dynamics. 

Advances in artificial intelligence, personalized 

medicine, and digital health are likely to create 

new opportunities for innovation and patenting. 

Companies are increasingly focusing on the 

development of integrated solutions that combine 

drug delivery with diagnostics and data analytics, 

leading to the emergence of hybrid technologies. 

Additionally, there is a growing emphasis on 

sustainability and the use of environmentally 

friendly materials, which may influence future 

patent strategies. The globalization of the 

pharmaceutical industry and the increasing 

importance of emerging markets will also play a 

significant role in shaping patent filing strategies. 

As competition intensifies, companies will need to 

adopt more sophisticated and adaptive approaches 

to intellectual property management to maintain 

their competitive edge in the rapidly evolving field 

of drug delivery systems [50] 

6. Challenges And Limitations In Drug 

Delivery System Patents 

6.1 Complexity of Patentability in Drug 

Delivery Innovations 

One of the foremost challenges in patenting drug 

delivery systems (DDS) lies in establishing 

patentability, particularly in terms of novelty, 

inventive step, and industrial applicability. Unlike 

new chemical entities, where structural novelty is 

more apparent, drug delivery innovations often 

involve modifications of existing formulations or 

technologies. As a result, demonstrating a 
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sufficient level of inventiveness can be difficult, 

especially when incremental changes are involved. 

Patent examiners frequently scrutinize such 

applications to determine whether the claimed 

invention represents a genuine advancement over 

prior art. In many cases, similar delivery 

technologies may already exist, making it 

challenging to establish distinctiveness. 

Furthermore, the interdisciplinary nature of drug 

delivery systems, which combine aspects of 

chemistry, biology, and engineering, adds to the 

complexity of drafting patent claims that are both 

comprehensive and enforceable. This complexity 

often leads to prolonged examination processes 

and increased uncertainty in obtaining patent 

protection [51]. 

6.2 Patent Thickets and Overlapping 

Intellectual Property 

The proliferation of patents in the field of drug 

delivery systems has led to the formation of patent 

thickets, where multiple overlapping patents cover 

similar technologies or applications. These dense 

networks of intellectual property rights create 

significant barriers for new entrants and can hinder 

innovation by restricting access to essential 

technologies. Companies seeking to develop new 

drug delivery systems must navigate a complex 

landscape of existing patents, often requiring 

multiple licensing agreements to avoid 

infringement. This situation can increase 

development costs and delay product 

commercialization. Additionally, patent thickets 

may lead to strategic behavior among companies, 

such as the accumulation of patents to block 

competitors, rather than to promote innovation. 

The presence of overlapping claims also increases 

the likelihood of legal disputes, further 

complicating the patent landscape [52]. 

6.3 High Cost of Patent Filing and Maintenance 

The financial burden associated with patenting 

drug delivery systems represents a significant 

limitation, particularly for small and medium-

sized enterprises (SMEs) and academic 

institutions. The process of filing a patent involves 

substantial costs, including application fees, 

attorney fees, and expenses related to prior art 

searches and documentation. These costs are 

further compounded when seeking international 

protection, as patents must be filed and maintained 

in multiple jurisdictions. Maintenance fees, which 

are required to keep patents in force, add to the 

long-term financial commitment. For complex 

drug delivery technologies, the cost of patenting 

can be particularly high due to the need for detailed 

technical disclosures and extensive 

experimentation to support patent claims. As a 

result, resource-limited organizations may be 

unable to fully protect their innovations, 

potentially limiting their ability to compete in the 

market [53]. 

6.4 Regulatory Challenges and Compliance 

Requirements 

The development and commercialization of drug 

delivery systems are subject to stringent regulatory 

requirements, which can pose significant 

challenges for patent holders. Regulatory agencies 

such as the U.S. Food and Drug Administration 

(FDA) and the European Medicines Agency 

(EMA) require comprehensive data on safety, 

efficacy, and quality before approving new drug 

delivery technologies. The regulatory approval 

process can be lengthy and costly, often taking 

several years to complete. During this time, the 

effective patent life of a product is reduced, as the 

patent term begins from the date of filing rather 

than the date of market entry. Additionally, 

regulatory requirements may necessitate 

modifications to the original design or 

formulation, potentially affecting the scope and 
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validity of patent claims. The need to align patent 

strategies with regulatory pathways adds an 

additional layer of complexity to the development 

of drug delivery systems [54]. 

6.5 Challenges in Technology Translation and 

Commercialization 

While many innovative drug delivery systems are 

successfully patented, not all of them reach the 

market. The translation of patented technologies 

from laboratory research to commercial products 

is often hindered by technical, economic, and 

logistical challenges. Issues such as scalability, 

stability, and reproducibility can arise during the 

transition from small-scale experiments to large-

scale manufacturing. Additionally, the cost of 

production for advanced delivery systems, such as 

nanoparticles or biologics carriers, can be 

significantly higher than that of conventional 

formulations, limiting their commercial viability. 

Market acceptance is another critical factor, as 

healthcare providers and patients may be reluctant 

to adopt new technologies without clear evidence 

of superior benefits. These challenges highlight 

the gap between patenting and commercialization 

in the field of drug delivery systems [55]. 

6.6 Patent Litigation and Legal Disputes 

The competitive nature of the pharmaceutical 

industry often leads to patent litigation and legal 

disputes, which can have significant implications 

for drug delivery system patents. Companies 

frequently engage in litigation to protect their 

intellectual property rights or to challenge the 

validity of competitors’ patents. Such disputes can 

be costly, time-consuming, and unpredictable, 

potentially delaying the introduction of new 

products to the market. In some cases, litigation 

may result in the invalidation of patents, leading to 

loss of exclusivity and reduced revenue. The 

complexity of drug delivery technologies further 

complicates legal proceedings, as courts must 

evaluate intricate scientific and technical details. 

The increasing prevalence of patent litigation 

underscores the importance of robust patent 

strategies and careful claim drafting [56]. 

6.7 Variability in Global Patent Laws and 

Enforcement 

The global nature of the pharmaceutical industry 

requires patent protection across multiple 

jurisdictions, each with its own legal framework 

and enforcement mechanisms. Differences in 

patent laws, examination procedures, and 

enforcement practices can create challenges for 

companies seeking to protect their drug delivery 

innovations internationally. For example, certain 

countries may have stricter requirements for 

patentability or shorter patent terms, while others 

may have weaker enforcement mechanisms, 

making it difficult to prevent infringement. 

Additionally, variations in data exclusivity and 

regulatory approval processes can impact the 

effectiveness of patent protection. Navigating 

these differences requires a comprehensive 

understanding of international intellectual 

property laws and strategic planning to ensure 

adequate protection in key markets [57]. 

6.8 Ethical and Accessibility Concerns 

Patent protection in drug delivery systems, while 

essential for encouraging innovation, can also 

raise ethical concerns related to access and 

affordability. Patents grant exclusive rights to 

inventors, which can lead to higher prices for 

patented products and limit access for patients, 

particularly in low- and middle-income countries. 

This issue is especially relevant for advanced drug 

delivery systems used in the treatment of critical 

diseases such as cancer and infectious diseases. 

Balancing the need for innovation with the goal of 

ensuring equitable access to healthcare remains a 
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significant challenge. Policymakers and 

stakeholders must consider mechanisms such as 

compulsory licensing and differential pricing to 

address these concerns while maintaining 

incentives for research and development [58]. 

6.9 Rapid Technological Obsolescence 

The fast pace of technological advancement in 

drug delivery systems can lead to rapid 

obsolescence of patented technologies. 

Innovations that are considered cutting-edge at the 

time of patent filing may become outdated within 

a few years due to the emergence of more 

advanced or efficient alternatives. This dynamic 

environment poses a challenge for companies 

seeking to maximize the value of their patents, as 

the commercial lifespan of a technology may be 

shorter than the patent term. Continuous 

investment in research and development is 

required to stay competitive, but this also increases 

costs and risks. The need to adapt to evolving 

technologies underscores the importance of 

flexible and forward-looking patent strategies 

[59]. 

6.10 Limitations in Patent Scope and 

Enforcement 

Another significant limitation in drug delivery 

system patents is the difficulty in defining and 

enforcing the scope of patent claims. Broad claims 

may be challenged on the grounds of lack of 

specificity or inventiveness, while narrow claims 

may provide limited protection and allow 

competitors to develop similar technologies with 

minor modifications. Achieving the right balance 

between breadth and specificity is a critical aspect 

of patent drafting. Furthermore, enforcing patent 

rights can be challenging, particularly in cases 

where infringement is difficult to detect or prove. 

For example, complex formulations or 

manufacturing processes may be difficult to 

analyze, making it challenging to establish 

whether a competitor’s product infringes on a 

patent. These limitations highlight the need for 

careful planning and expert legal guidance in the 

development of patent strategies for drug delivery 

systems [60]. 

7. Future Perspectives In Drug Delivery System 

Patents 

7.1 Integration of Artificial Intelligence in Drug 

Delivery Design 

The integration of artificial intelligence (AI) and 

machine learning into drug delivery systems is 

expected to significantly influence future patent 

trends and innovation strategies. AI-driven 

approaches enable the analysis of large datasets to 

optimize formulation design, predict drug release 

kinetics, and identify suitable delivery carriers 

with enhanced precision. Machine learning 

algorithms can model complex biological 

interactions and predict how different delivery 

systems will behave in vivo, thereby reducing the 

reliance on trial-and-error experimentation. This 

capability not only accelerates the development 

process but also reduces associated costs and risks. 

Patent filings in this domain are increasingly 

focusing on AI-assisted formulation design, 

predictive modeling, and automated 

manufacturing processes. The convergence of 

computational technologies with pharmaceutical 

sciences is likely to result in the development of 

highly efficient and personalized drug delivery 

systems, making AI a central component of future 

innovation in this field [61]. 

7.2 Advancement in Personalized and Precision 

Medicine 

The growing emphasis on personalized medicine 

is expected to drive significant advancements in 

drug delivery systems and associated patent 
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activity. Personalized drug delivery involves 

tailoring therapeutic interventions based on 

individual patient characteristics, including 

genetic profile, disease state, and metabolic 

variations. Future drug delivery systems are likely 

to incorporate patient-specific parameters to 

optimize drug dosing, release profiles, and 

targeting mechanisms. Technologies such as 3D 

printing and microfabrication enable the 

production of customized dosage forms, allowing 

for precise control over drug release and 

pharmacokinetics. Patents in this area are expected 

to focus on personalized delivery platforms, 

adaptive dosing systems, and integration with 

diagnostic tools. The shift towards precision 

medicine will require the development of flexible 

and adaptable delivery systems capable of meeting 

diverse patient needs, thereby expanding the scope 

of patentable innovations [62]. 

7.3 Expansion of Gene and Cell Therapy 

Delivery Systems 

Gene and cell therapies represent one of the most 

promising areas of modern medicine, and their 

success is heavily dependent on the development 

of efficient delivery systems. Future patent trends 

are expected to focus on advanced delivery 

technologies for nucleic acids, including DNA, 

RNA, and gene-editing tools such as CRISPR-Cas 

systems. Innovations in lipid nanoparticles, viral 

vectors, and polymer-based carriers will play a 

crucial role in enhancing the stability, targeting, 

and transfection efficiency of these therapeutics. 

Additionally, cell-based therapies, such as stem 

cell treatments and engineered immune cells, 

require specialized delivery and preservation 

systems to maintain viability and functionality. 

Patent activity in this domain is likely to intensify 

as researchers develop novel strategies to 

overcome challenges related to immune response, 

off-target effects, and scalability. The continued 

advancement of gene and cell therapies will 

significantly shape the future landscape of drug 

delivery system patents [63]. 

7.4 Development of Smart and Responsive 

Drug Delivery Systems 

Smart drug delivery systems that respond to 

specific physiological or environmental stimuli are 

expected to gain prominence in the coming years. 

These systems are designed to release drugs in 

response to triggers such as pH changes, 

temperature variations, enzymatic activity, or 

external signals like light and magnetic fields. 

Such responsiveness allows for precise control 

over drug release, improving therapeutic efficacy 

while minimizing side effects. Future patents are 

likely to focus on the development of 

multifunctional delivery systems that combine 

sensing, targeting, and controlled release 

capabilities. The integration of nanotechnology 

and advanced materials science will enable the 

creation of highly sophisticated systems capable of 

real-time adaptation to changing physiological 

conditions. These innovations represent a 

significant step towards achieving autonomous 

and self-regulating drug delivery, which is 

expected to revolutionize patient care [64]. 

7.5 Growth of Digital Health and Connected 

Drug Delivery Devices 

The convergence of drug delivery systems with 

digital health technologies is expected to play a 

transformative role in the future of healthcare. 

Connected drug delivery devices equipped with 

sensors, wireless communication, and data 

analytics capabilities enable real-time monitoring 

of drug administration and patient adherence. 

These systems can provide valuable insights into 

patient behavior, treatment efficacy, and disease 

progression, facilitating personalized and data-

driven healthcare. Patent filings in this area are 
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likely to focus on smart inhalers, wearable 

injectors, implantable devices, and integrated 

health monitoring systems. The incorporation of 

Internet of Things (IoT) technologies and cloud-

based platforms will further enhance the 

functionality of these devices, enabling remote 

monitoring and telemedicine applications. As 

healthcare systems increasingly adopt digital 

solutions, the demand for innovative and patented 

connected drug delivery devices is expected to 

grow significantly [65]. 

7.6 Sustainable and Environmentally Friendly 

Drug Delivery Systems 

Environmental sustainability is becoming an 

important consideration in pharmaceutical 

development, influencing future patent strategies 

in drug delivery systems. The use of biodegradable 

and biocompatible materials, such as natural 

polymers and green solvents, is expected to 

increase as companies seek to reduce the 

environmental impact of their products. 

Innovations in eco-friendly manufacturing 

processes, waste reduction, and energy efficiency 

will also contribute to the development of 

sustainable drug delivery systems. Patents in this 

domain are likely to focus on the design of delivery 

systems that minimize environmental footprint 

while maintaining high performance and safety 

standards. Regulatory agencies and policymakers 

are increasingly emphasizing sustainability, which 

will further drive research and innovation in this 

area. The adoption of green technologies in drug 

delivery systems not only addresses environmental 

concerns but also enhances the social 

responsibility and public image of pharmaceutical 

companies [66]. 

7.7 Integration of Nanotechnology with 

Advanced Therapeutics 

Nanotechnology will continue to play a pivotal 

role in shaping the future of drug delivery systems, 

particularly in combination with advanced 

therapeutics such as biologics and gene therapies. 

The development of multifunctional nanoparticles 

capable of simultaneous drug delivery, imaging, 

and diagnostics (theranostics) is expected to gain 

significant attention. These systems enable real-

time monitoring of drug distribution and 

therapeutic response, providing valuable feedback 

for treatment optimization. Future patents are 

likely to focus on the design of hybrid nanocarriers 

that combine multiple functionalities, including 

targeting, controlled release, and imaging 

capabilities. The integration of nanotechnology 

with advanced therapeutics will enhance the 

precision and effectiveness of treatments, 

particularly in complex diseases such as cancer 

and neurological disorders [67]. 

7.8 Advances in Alternative Routes of Drug 

Administration 

The exploration of alternative routes of drug 

administration is expected to continue as a key 

area of innovation in drug delivery systems. Non-

invasive delivery methods, such as transdermal, 

pulmonary, nasal, and oral mucosal routes, offer 

significant advantages in terms of patient comfort 

and compliance. Future research is likely to focus 

on overcoming biological barriers associated with 

these routes, such as skin permeability and 

mucosal absorption. Innovations in microneedle 

technology, permeation enhancers, and 

formulation design will play a crucial role in 

improving the efficiency of these delivery 

systems. Patent activity in this domain is expected 

to increase as companies develop novel 

approaches to deliver a wider range of drugs, 

including biologics, through alternative routes. 

These advancements will contribute to the 



Shivani Nangare, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 5, 6049-6073 |Review    

                 

              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                                 6069 | P a g e  

development of more patient-friendly and 

accessible therapeutic options [68]. 

7.9 Role of Regulatory Innovation and Global 

Collaboration 

The future of drug delivery system patents will 

also be influenced by regulatory innovation and 

increased global collaboration. Regulatory 

agencies are adopting more flexible and adaptive 

approaches to accommodate emerging 

technologies, such as accelerated approval 

pathways and adaptive licensing models. These 

changes are expected to facilitate the development 

and commercialization of innovative drug delivery 

systems. Additionally, international collaboration 

among research institutions, pharmaceutical 

companies, and regulatory bodies will play a 

crucial role in advancing drug delivery 

technologies. Collaborative efforts can accelerate 

knowledge sharing, reduce duplication of 

research, and promote the development of 

standardized guidelines. Patent strategies will need 

to adapt to this evolving regulatory landscape, 

ensuring compliance while maximizing 

innovation and market access [69]. 

7.10 Future Outlook and Strategic Implications 

In conclusion, the future of drug delivery system 

patents is poised for significant growth and 

transformation, driven by advancements in 

technology, changing healthcare needs, and 

evolving regulatory frameworks. The integration 

of AI, personalized medicine, and digital health 

technologies will redefine the way drugs are 

designed, delivered, and monitored. The 

increasing importance of gene and cell therapies 

will necessitate the development of specialized 

delivery systems, creating new opportunities for 

innovation and patenting. At the same time, 

challenges related to sustainability, accessibility, 

and global regulation will need to be addressed to 

ensure the equitable distribution of advanced 

therapies. Companies and researchers must adopt 

forward-looking patent strategies that anticipate 

technological trends and align with market 

demands. By leveraging emerging technologies 

and fostering collaboration, the pharmaceutical 

industry can continue to innovate and improve 

patient outcomes, shaping the future of healthcare 

through advanced drug delivery systems [70]. 

CONCLUSION 

Drug delivery systems (DDS) have evolved 

significantly over the past few decades, emerging 

as a critical component of modern pharmaceutical 

research and development. This review highlights 

the growing importance of patent trends in shaping 

innovation within this field. The increasing 

complexity of therapeutic agents, including 

biologics, nucleic acids, and personalized 

medicines, has driven the need for advanced 

delivery technologies, resulting in a substantial 

rise in patent activity worldwide. Patents not only 

protect intellectual property but also serve as key 

indicators of technological progress and future 

research directions. The analysis of patent trends 

reveals that innovations in nanotechnology, 

controlled and sustained release systems, biologics 

delivery, and smart drug delivery devices 

dominate the current landscape. These 

technologies have significantly improved drug 

efficacy, bioavailability, and patient compliance, 

while also enabling targeted and precision-based 

therapies. The integration of digital health tools 

and artificial intelligence into drug delivery 

systems further represents a transformative shift, 

allowing real-time monitoring and personalized 

treatment strategies. Such advancements are 

expected to continue driving patent filings and 

innovation in the coming years. The global patent 

landscape demonstrates a competitive yet evolving 

environment, with traditional leaders such as the 
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United States, Europe, and Japan maintaining 

strong positions, while emerging economies like 

China and India are rapidly increasing their 

contributions. This shift reflects the globalization 

of pharmaceutical research and the growing 

importance of strategic intellectual property 

management across multiple jurisdictions. Patent 

strategies such as lifecycle management, 

evergreening, and platform technology 

development have become essential for sustaining 

market exclusivity and maximizing the 

commercial value of drug delivery innovations. 

Despite these advancements, several challenges 

persist, including patent thickets, high costs of 

patenting, regulatory complexities, and issues 

related to accessibility and affordability. These 

limitations highlight the need for balanced 

approaches that encourage innovation while 

ensuring that advanced drug delivery technologies 

remain accessible to patients globally. Addressing 

these challenges will require collaboration among 

industry, academia, and regulatory bodies. In 

conclusion, patents play a vital role in driving 

innovation and commercialization in drug delivery 

systems. A thorough understanding of patent 

trends provides valuable insights into 

technological advancements and future 

opportunities. As the field continues to evolve, the 

integration of emerging technologies and strategic 

patent management will be essential for improving 

therapeutic outcomes and advancing global 

healthcare. 

REFERENCES 

1. Allen LV, Popovich NG, Ansel HC. Ansel’s 

Pharmaceutical Dosage Forms and Drug 

Delivery Systems. 10th ed. Wolters Kluwer; 

2014.  

2. Park K. Controlled drug delivery systems: 

Past forward and future back. J Control 

Release. 2014;190:3–8. 

doi:10.1016/j.jconrel.2014.03.054  

3. Hou X, Zaks T, Langer R, Dong Y. Lipid 

nanoparticles for mRNA delivery. Nat Rev 

Mater. 2021;6(12):1078–1094. 

doi:10.1038/s41578-021-00358-0  

4. WIPO. Understanding patents and intellectual 

property rights. World Intellectual Property 

Organization. 2020.  

5. Kapczynski A, Park C, Sampat BN. 

Polymorphs and prodrugs and salts (Oh my!): 

An empirical analysis of “secondary” 

pharmaceutical patents. PLoS One. 

2012;7(12):e49470. 

doi:10.1371/journal.pone.0049470  

6. Hu Y, Jefferson GH, Jinchang Q. R&D and 

technology transfer: Firm-level evidence from 

Chinese pharmaceutical industry. Res Policy. 

2005;34(8):1120–1136. 

doi:10.1016/j.respol.2005.05.006  

7. Ventola CL. Progress in nanomedicine: 

Approved and investigational nanodrugs. P T. 

2017;42(12):742–755.  

8. Bashi N, et al. Remote monitoring of patients 

with heart failure: An overview of systematic 

reviews. J Med Internet Res. 2017;19(1):e18. 

doi:10.2196/jmir.6571  

9. DiMasi JA, Grabowski HG, Hansen RW. 

Innovation in the pharmaceutical industry: 

New estimates of R&D costs. J Health Econ. 

2016;47:20–33. 

doi:10.1016/j.jhealeco.2016.01.012  

10. Dutfield G. Intellectual property rights and the 

life science industries. World Dev. 

2009;37(2):437–448. 

doi:10.1016/j.worlddev.2008.07.012  

11. Scannell JW, Blanckley A, Boldon H, 

Warrington B. Diagnosing the decline in 

pharmaceutical R&D efficiency. Nat Rev 

Drug Discov. 2012;11(3):191–200. 

doi:10.1038/nrd3681  

12. Thursby JG, Thursby MC. University 

licensing and the Bayh-Dole Act. Science. 



Shivani Nangare, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 5, 6049-6073 |Review    

                 

              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                                 6071 | P a g e  

2003;301(5636):1052. 

doi:10.1126/science.1087474  

13. Hemphill CS, Sampat BN. Evergreening, 

patent challenges, and effective market life in 

pharmaceuticals. J Health Econ. 

2012;31(2):327–339. 

doi:10.1016/j.jhealeco.2011.12.004  

14. Torchilin VP. Multifunctional nanocarriers. 

Nat Rev Drug Discov. 2014;13(11):813–827. 

doi:10.1038/nrd4333  

15. Hall BH, Harhoff D. Recent research on the 

economics of patents. Annu Rev Econ. 

2012;4:541–565. doi:10.1146/annurev-

economics-080511-111008  

16. Griliches Z. Patent statistics as economic 

indicators. J Econ Lit. 1990;28(4):1661–1707.  

17. Eichler HG, et al. Adaptive licensing. Clin 

Pharmacol Ther. 2012;91(3):426–437. 

doi:10.1038/clpt.2011.345  

18. Qian Y. Do national patent laws stimulate 

domestic innovation? Rev Econ Stat. 

2007;89(3):436–453. 

doi:10.1162/rest.89.3.436  

19. Peer D, et al. Nanocarriers as emerging 

platforms. Nat Nanotechnol. 2007;2(12):751–

760. doi:10.1038/nnano.2007.387  

20. Sampat BN. When do patents matter? Rev 

Econ Stat. 2010;92(3):539–550. 

doi:10.1162/REST_a_00011  

21. Langer R. Drug delivery and targeting. 

Nature. 1998;392:5–10. doi:10.1038/34145  

22. Hu AGZ. China’s patent surge. Res Policy. 

2010;39(6):769–779. 

doi:10.1016/j.respol.2010.04.002  

23. Zhang L, et al. Nanoparticles in medicine. 

Clin Pharmacol Ther. 2008;83(5):761–769. 

doi:10.1038/sj.clpt.6100400  

24. Siepmann J, Siepmann F. Controlled drug 

delivery systems. Int J Pharm. 

2012;453(1):12–24. 

doi:10.1016/j.ijpharm.2012.03.015  

25. Kulkarni JA, et al. Lipid nanoparticles for 

gene delivery. Nat Nanotechnol. 

2021;16:630–643. doi:10.1038/s41565-021-

00866-6  

26. Prausnitz MR, Langer R. Transdermal drug 

delivery. Nat Biotechnol. 2008;26(11):1261–

1268. doi:10.1038/nbt.1504  

27. Lee TT, et al. Digital health and drug delivery. 

Adv Drug Deliv Rev. 2019;153:1–3. 

doi:10.1016/j.addr.2019.10.001  

28. Thursby J, Kemp S. University licensing. Res 

Policy. 2002;31(1):109–124. 

doi:10.1016/S0048-7333(00)00160-8  

29. Heller MA, Eisenberg RS. Can patents deter 

innovation? Science. 1998;280(5364):698–

701. doi:10.1126/science.280.5364.698  

30. Fleming L. Recombinant uncertainty. Manage 

Sci. 2001;47(1):117–132. 

doi:10.1287/mnsc.47.1.117.10671  

31. Torchilin VP. Multifunctional nanocarriers. 

Nat Rev Drug Discov. 2014;13(11):813–827. 

doi:10.1038/nrd4333  

32. Siepmann J, Peppas NA. Modeling of drug 

release. Adv Drug Deliv Rev. 2012;64:163–

174. doi:10.1016/j.addr.2012.09.028  

33. Savjani KT, et al. Drug solubility importance. 

ISRN Pharm. 2012;2012:195727. 

doi:10.5402/2012/195727  

34. Hou X, et al. Lipid nanoparticles for mRNA 

delivery. Nat Rev Mater. 2021;6:1078–1094. 

doi:10.1038/s41578-021-00358-0  

35. Peer D, et al. Nanocarriers as platforms. Nat 

Nanotechnol. 2007;2:751–760. 

doi:10.1038/nnano.2007.387  

36. Prausnitz MR, Langer R. Transdermal 

delivery. Nat Biotechnol. 2008;26:1261–

1268. doi:10.1038/nbt.1504  

37. Lee TT, et al. Digital health drug delivery. 

Adv Drug Deliv Rev. 2019;153:1–3. 

doi:10.1016/j.addr.2019.10.001  



Shivani Nangare, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 5, 6049-6073 |Review    

                 

              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                                 6072 | P a g e  

38. Norman J, et al. 3D printing pharmaceuticals. 

Adv Drug Deliv Rev. 2017;108:39–50. 

doi:10.1016/j.addr.2016.03.001  

39. Kumari A, et al. Biodegradable polymers. 

Colloids Surf B. 2010;75:1–18. 

doi:10.1016/j.colsurfb.2009.09.001  

40. Vamathevan J, et al. AI in drug discovery. Nat 

Rev Drug Discov. 2019;18:463–477. 

doi:10.1038/s41573-019-0024-5  

41. Hemphill CS, Sampat BN. Evergreening and 

pharmaceutical patents. J Health Econ. 

2012;31(2):327–339. 

doi:10.1016/j.jhealeco.2011.12.004  

42. Gurgula O. Strategic patenting in 

pharmaceuticals. Eur J Law Econ. 2020;50:1–

30. doi:10.1007/s10657-019-09641-6  

43. Shukla A, et al. Drug-device combination 

products. Adv Drug Deliv Rev. 2017;112:1–

3. doi:10.1016/j.addr.2017.02.001  

44. Langer R, Peppas NA. Advanced drug 

delivery systems. AIChE J. 

2003;49(12):2990–3006. 

doi:10.1002/aic.690491202  

45. WIPO. Patent Cooperation Treaty (PCT). 

World Intellectual Property Organization. 

2020.  

46. Hall BH, Ziedonis RH. Patent strategies and 

competition. RAND J Econ. 2001;32(1):101–

128. doi:10.2307/2696400  

47. Reitzig M. Patent portfolios as strategic 

resources. Strategic Manag J. 

2004;25(4):371–392. doi:10.1002/smj.369  

48. Thursby J, Thursby M. University licensing. 

Science. 2003;301:1052. 

doi:10.1126/science.1087474  

49. Eisenberg RS. The role of patents in drug 

regulation. Mich Law Rev. 2007;105:345–

386.  

50. Vamathevan J, et al. AI in drug development. 

Nat Rev Drug Discov. 2019;18:463–477. 

doi:10.1038/s41573-019-0024-5  

51. Graham SJH, et al. High technology 

patenting. Res Policy. 2002;31(8–9):1349–

1363. doi:10.1016/S0048-7333(01)00152-0  

52. Heller MA, Eisenberg RS. Can patents deter 

innovation? Science. 1998;280(5364):698–

701. doi:10.1126/science.280.5364.698  

53. Harhoff D, Scherer FM, Vopel K. Citations, 

family size, and patent value. Res Policy. 

2003;32(8):1343–1363. doi:10.1016/S0048-

7333(02)00124-5  

54. DiMasi JA, Grabowski HG, Hansen RW. 

R&D costs. J Health Econ. 2016;47:20–33. 

doi:10.1016/j.jhealeco.2016.01.012  

55. Kola I, Landis J. Pharmaceutical productivity 

crisis. Nat Rev Drug Discov. 2004;3(8):711–

715. doi:10.1038/nrd1478  

56. Lemley MA, Shapiro C. Patent holdup. Tex 

Law Rev. 2007;85:1991–2049.  

57. Maskus KE. Intellectual property rights in 

global economy. Inst Int Econ. 2000.  

58. ’t Hoen E. TRIPS, pharmaceutical patents. Int 

J Health Serv. 2003;33(3):529–547. 

doi:10.2190/YX0E-TK2J-3D8G-8Y6H  

59. Fleming L. Technological change. Manage 

Sci. 2001;47(1):117–132. 

doi:10.1287/mnsc.47.1.117.10671  

60. Merges RP, Nelson RR. Patent scope. Colum 

Law Rev. 1990;90(4):839–916. 

doi:10.2307/1122810   

61. Singh S et al. Application of AI in natural 

product drug discovery. BMC 

Complementary Medicine. 

doi:10.1186/s12906-016-1021-5  

62. Kaur M et al. Nanotechnology in drug 

delivery systems. Asian Journal of 

Pharmaceutical Sciences. 

doi:10.1016/j.ajps.2017.11.002  

63. Malik A. Sustainable utilization of aquatic 

plants. Environment International. 

doi:10.1016/j.envint.2006.08.004 



Shivani Nangare, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 5, 6049-6073 |Review    

                 

              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                                 6073 | P a g e  

 

HOW TO CITE:  Shivani Nangare*, Vaishnavi Patil, 

Juveriya Patel, Pooja Koli, Dhanraj jadge, Patent Trends 

in Drug Delivery Systems: A Comprehensive Review, 

Int. J. of Pharm. Sci., 2026, Vol 4, Issue 5, 6049-6073. 

https://doi.org/10.5281/zenodo.20348975 
 

 

 


