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Abstract

Biologics are redefining modern therapies but the clinical efficacy is hampered by
bioavailability, stability and delivery issues. Nanocarrier based drug delivery presently shows
new opportunities to optimize targeted drug delivery, immunogenicity and pharmacokinetics.
In India, for enhancing treatment outcomes and to improve accessibility with clinical efficacy,
researchers are integrating nanotechnology and biosimilars emerging transformative
approaches. Advances in polymeric and inorganic and lipid based nanocarrier systems have
remarkably improved the delivery of biologics by addressing challenges such as low
bioavailability, targeted delivery and poor stability limitations. These advancements are
making a strategic shift from conventional towards the high value biopharmaceutical. Further,
they support cost-effective therapies options, promote innovation and strengthen India’s
competitiveness in the global pharmaceutical sector.

Keywords: Nanocarriers, Biosimilars, Biologics, Drug delivery, Indian Pharmaceutical
Industry.

1. Introduction

The development of a novel drug delivery system for targeted distribution of biologics and
increasing stability to enhance therapeutic outcomes results in paradigm shift in India’s
biosimilar sector (1). But there are some restrictions to their rapid approval by some regulatory

agencies to launch in the market (2). This barrier is hampering market expansion
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and limiting availability of inexpensive biosimilar choices for large patient populations (3). In
drug delivery systems for selection of proper formulation are critical in disease like
inflammatory bowel disease (IBD). So, Nanocarrier drug delivery is also not easy to remove

legislative barriers to improve accessibility (4).

1.1 Overview of Biologics and Biosimilars

Biologics are specialized biological products prepared by using advancing technologies and
transformed in a way for the health care system to receive therapy for autoimmune disease and
different types of cancers (5). Copies of these biologics are referred to as biosimilars that
entered the market for offering more affordable options for costly biologic drugs (6). To make
sure biosimilars efficacy, safety and regulatory agencies such as FDA created approval rules
with procedures that are difficult to understand (7). As the market impact of biosimilar is

advantageous, by reducing cost and increasing patient access for effective therapy (8,9).

1.2 Need for Advanced Drug Delivery in India

In India, nanocarrier drug delivery is used to know a variety of health care concerns including
a lack of access to effective medicines. Drug delivery facilitates the site specific drug release
by improving bioavailability and reducing systemic side effects with increasing patient
compliance. Advance technological breakthroughs may address the current health care
situation (10).

2. Challenges in Delivery of Biologics

There are multiple challenges faced by delivery of biologics in formulation to remain stable.
Key limitations in delivery of biologics include achieving highly selective targeting strategies
without causing unintended damage to healthy cells along with navigating complex regulatory
frameworks (11). Noncompliance by patients may also impact biologics effectiveness because
educating patients related to important steps for treatment remains tough and the problem

related with biologics (12).
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Figure 1. Different challenges in drug delivery
2.1 Stability and Degradation Issues

The delivery of biologics in India faces challenges associated with degradation and stability. Most
biologics are very sensitive to environmental conditions requiring strict temperature control
throughout the supply chain. To maintain the cold chain from the point of manufacturing to final
administration to patients makes it difficult due to increased risk of temperature control at multiple
stages. Regulatory complexities related to importation and approval of biologics are limiting
patient accessibility. Overcoming these challenges is important to ensure equitable and improved

access to advanced healthcare in the Indian population (13).
2.2 Poor Bioavailability and Targeting Limitations

In disease conditions the targeting of biologics and biosimilars with bioavailability continues to be
a significant challenge (14). Rheumatoid arthritis and Inflammatory diseases require prompt
treatment but due to bioavailability of currently available biologics is often insufficient to achieve
optimal therapeutic level. Additionally, issues associated with infliximab along with challenges in

targeting strategies can adversely affect both safety and effectiveness of biologic therapies (15).
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Table 1. Comparative disadvantage of Bioavailability, distribution and targeting efficiency

Aspect Biologics Biosimilars Key Limitation
Bioavailability | Low oral | Similar limitations as | Requires  parenteral
bioavailability due to | reference  biologics | administration
large molecular size and | (protein instability | (IV/SC) (16)

antibody binding

enzymatic | and degradation)
degradation
Permeability & | Poor membrane | Comparable Inefficient delivery to
Distribution permeability and | distribution intracellular or
limited tissue | challenges due to | specific tissue targets
penetration structural similarity (16)
Targeting Limited  site-specific | Emerging  targeting | Need for advanced
Efficiency targeting; relies on | strategies but still | delivery systems
passive distribution or | under development (nanocarriers, active

targeting) (17)

3. Development of Biologics and biosimilars by Nanocarrier based drug delivery

strategies

Nanocarriers may be used for targeting and distributing biologics and biosimilars for

improving their safety and efficacy (18).
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Figure 2. Integrated Strategy for Nanocarrier-Based Enhancement of Biologic and Biosimilar
Therapeutics

Nanocarriers may help to lower the side effects and enhance therapeutic effectiveness. They

are more feasible to target oral delivery of the biologics orally by overcoming challenges

related with absorption and stability (19,20).

3.1 Nanocarrier Systems for Enhanced Delivery of Biologics

Nanocarrier and intracellular delivery of biologic drugs like peptides, proteins and monoclonal
antibodies has shown interest in the field of drug delivery (21,22). Many attempts have been
made to overcome challenges like biosafety and instability concerns to achieve oral

administration of drugs (23,24).

3.2 Recent Advances and Case Studies in Nanocarrier enabled Biosimilars

Recent advances in nanocarrier delivery have enhanced targeted delivery of drugs used for
enhancing the safety & efficacy in biosimilars. As they are changing clinical practice with
patient expectations in a number of therapeutics disciplines, this article explains how
nanocarriers enhance targeted drug delivery for disease sites. Nano emulsions are the best
examples of nanocarriers to enhance delivery of drugs to the disease sites and show potential

in treatment of diseases such as IBD. As biosimilars show new outcomes in treatment of
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illness linked to abnormal immune response, testing, production and regulatory issues need to be
resolved. The different approaches have been researched and present obstacles and potential paths
for applications of nano based drug delivery for treatment of IBD. Personalized medicine in which
treatments are made for specific illnesses and made possible by smart nanocarriers may enhance
the focus of the delivery of medicine to disease areas and rapid evolution of biologics and

biosimilars in clinical practices and patient expectations (25).

4. Indian Scenario and Opportunities

India’s market for biologics and biosimilar offers tremendous development potential. The demand
for reasonable biologic substitutes for expanding healthcare demands a nation with an enormous
population. The biopharmaceutical areas are also facing a number of difficulties and remain
competitive to endure over the long run, and this area urgently needs to paradigm (26,27).
Regulatory environment of nation are becoming easily favourable for the biosimilar approval with
large number of approvals have occurred recently and India might potentially adopt some
techniques to develop biosimilars to keep an eye on global landscape, As technology continues to

advance the Indian market may expand rapidly (28,29)

Table 2. Indian Scenario and opportunities for biosimilars drugs

Aspect Current Scenario | Opportunities | Challenges Key Insight
in India
Market Rapidly expanding | Entry into | Pricing India is
Landscape biosimilars market | global regulated | pressure and | emerging as a
with strong | markets competition global
domestic companies biosimilars (29)
Regulatory CDSCO and DBT | Scope for | Complex Strengthened
Framework guidelines  support | regulatory approval regulations will
biosimilar approval | harmonization pathways improve  trust
(30)
Manufacturing | Cost-effective Investment in | High  R&D [ Strong potential
& R&D biologics production | innovation and | costs and | for global
infrastructure advanced technical manufacturing
delivery complexity leadership (31)
systems
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Therapeutic & | High demand in | Expanding Stringent Enhances

Export oncology, diabetes, [ exports to US, | international | global access to

Potential autoimmune EU, emerging | compliance affordable
diseases markets requirements | biologics (32)

4.1 Growth of Biosimilars Market in India

Regulatory framework for quicker biosimilar certification supported by India quickly by
expanding biosimilars market. Other elements driving the market expansion are the
cost-effectiveness for biosimilars comparatively to innovative biologic drugs (33). The
pharmaceutical industry with the competitive environment has shown more innovation and cost

cutting measures for producing high quality biosimilars (34).
4.2 Nanotechnology in Enhancing Accessibility

Biologics and biosimilars are better prepared and delivered in healthcare areas for advancement
in nanotechnology. Biosimilars are delivered and targeted by using small nanocarriers, which
also offer defense against degradation of the environment. Nanotechnology simplifies the
formulation and development while supporting regulatory pathways and enabling design
innovation based nanocarrier systems for targeted drug delivery systems across different

disease conditions (35,36).
5. Regulatory and Technological Challenges and future directions

In India regulatory frameworks for biologics and biosimilars face major challenges they need
to be addressed including heterogeneity in present inadequate bioinformatics resources and
biosimilar approval procedure and lack of standards with respect to biosimilar references and
weak scientific approach for characterization with frequently antiquated manufacturing
technologies. Market access and their growth felicitated by improving technology and

regulatory frameworks (37).

6. Conclusion
Nanocarrier based drug delivery gives revolutionary solutions to different problems related
with biologics and biosimilars and these systems increase therapeutic efficacy while lowering

the side effects by enhancing bioavailability and targeted drug delivery and stability. The
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integration can strengthen the biopharmaceutical industry in India and enable the production

of affordable biosimilars. To fully realize the potential and positioning India as a global leader

in the cutting edge in drug delivery technologies with respect to encouraging frameworks,

sustained innovation and scalable manufacturing techniques would be essential.
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