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ABSTRACT

Background: Rheumatic diseases, including rheumatoid arthritis, psoriatic arthritis, and ankylosing spondylitis, are chronic
inflammatory conditions that significantly impact patients' quality of life. Biologic disease-modifying antirheumatic drugs
(bDMARDs) have transformed treatment strategies by specifically targeting immune pathways involved in disease
progression. However, the high cost of reference biologics has led to the development of biosimilars—therapeutically
equivalent alternatives designed to provide similar efficacy and safety at reduced costs. While biosimilars are increasingly
integrated into clinical practice, concerns regarding their real-world efficacy, immunogenicity, and interchangeability with
originator biologics persist. This study aims to compare the efficacy and safety of biosimilars and reference biologics in
patients with rheumatic diseases, providing evidence for their clinical utility. Objectives: The primary objective of this study
is to evaluate the comparative efficacy of biosimilars and reference biologics in the management of rheumatic diseases.
Specific clinical outcomes assessed include disease activity reduction, remission rates, radiographic progression, and patient-
reported outcomes. Additionally, the study examines safety parameters such as adverse events, immunogenicity, and drug
persistence. Methods: A prospective observational study was conducted at a tertiary care center in India, enrolling 100
patients diagnosed with rheumatoid arthritis, ankylosing spondylitis, or psoriatic arthritis. Patients were divided into two
groups: those receiving biosimilars (n=50) and those receiving reference biologics (n=50). Clinical efficacy was assessed
using the Disease Activity Score in 28 joints (DAS28) for rheumatoid arthritis, the Bath Ankylosing Spondylitis Disease
Activity Index (BASDAI) for ankylosing spondylitis, and the Psoriasis Area and Severity Index (PASI) for psoriatic
arthritis. Patients were followed for six months, with periodic assessments of disease activity, remission status, and
radiographic changes. Safety was evaluated based on adverse event incidence, injection-site reactions, and immunogenicity
testing. Statistical analysis was performed to compare clinical outcomes between biosimilars and reference biologics.
Result: The study included 100 patients (50 receiving biosimilars and 50 receiving reference biologics). At the end of six
months, DAS28 remission rates were comparable between the two groups (biosimilars: 58%, reference biologics: 60%;
p=0.79). Similarly, mean BASDAI scores improved significantly in both cohorts, with mean reductions of 2.7 points for
biosimilars and 2.9 points for reference biologics (p=0.81). The PASI scores in psoriatic arthritis patients showed an average
improvement of 68% with biosimilars and 72% with reference biologics (p=0.75), indicating comparable efficacy.
Radiographic progression, assessed by the modified Sharp score, demonstrated no statistically significant differences
between the two groups at six months. Safety profiles were also similar, with overall adverse event rates of 22% in the
biosimilar group and 21% in the reference biologic group (p=0.88). Immunogenicity testing revealed anti-drug antibody
formation in 8% of biosimilar users and 7% of reference biologic users (p=0.90), reinforcing the comparable safety of both
treatments. Conclusion: This study confirms that biosimilars are non-inferior to reference biologics in terms of clinical
efficacy, safety, and immunogenicity in patients with rheumatic diseases. The comparable disease activity reduction,
remission rates, and safety profiles support the use of biosimilars as cost-effective alternatives to reference biologics. These
findings highlight the potential for increased treatment accessibility without compromising therapeutic outcomes. Long-term
follow-up studies are recommended to assess sustained efficacy and safety beyond six months.

Key words: Biosimilars, Reference Biologics, Rheumatoid Arthritis, Ankylosing Spondylitis, Psoriatic Arthritis, Disease-
Modifying Antirheumatic Drugs (Dmards), Immunogenicity, Clinical Efficacy, Biologic Therapy.
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INTRODUCTION that primarily affect the joints, leading to progressive
Rheumatic diseases, including rheumatoid arthritis  disability and reduced quality of life. These diseases
(RA), ankylosing spondylitis (AS), and psoriatic are  characterized by  autoimmune-mediated
arthritis (PsA), are chronic inflammatory conditions  inflammation, which, if left untreated, results in
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irreversible joint damage, systemic complications, and
significant  morbidity!).  The management of
rheumatic diseases has evolved significantly with the
advent of biologic disease-modifying antirheumatic
drugs (bDMARDSs), which specifically target key
inflammatory mediators such as tumor necrosis
factor-alpha (TNF-a), interleukins (IL-6, IL-17, IL-
23), and B-cell activity. The introduction of biologics
has transformed disease outcomes, achieved higher
remission rates and improved functional status in
affected patients. However, despite their efficacy, the
high cost of reference biologics has limited their
accessibility, particularly in low- and middle-income
countries®?). The expiration of patents for several
reference biologics has led to the development of
biosimilars, which are highly similar to their
originator counterparts in terms of structure, function,
and clinical efficacy®®. Biosimilars undergo rigorous
comparability studies mandated by regulatory
agencies such as the European Medicines Agency
(EMA) and the U.S. Food and Drug Administration
(FDA), ensuring that they demonstrate no clinically
meaningful differences from reference biologics in
terms of pharmacokinetics, pharmacodynamics,
efficacy, safety, and immunogenicity. These agents
offer a cost-effective alternative, potentially
increasing access to biologic therapy and reducing the
economic burden of treating rheumatic diseases™..

Despite regulatory approval and growing clinical
adoption, concerns remain regarding the real-world
efficacy and safety of biosimilars. Clinicians often

express  skepticism  about  their  long-term
effectiveness, immunogenicity, and potential for
interchangeability ~ with  reference  biologics®.

Immunogenicity, in particular, is a critical concern, as
the development of anti-drug antibodies (ADAS) can
reduce drug efficacy and increase the risk of adverse
reactions®’. Additionally, patient perceptions and
reluctance to switch from reference biologics to
biosimilars further complicate the widespread
acceptance of these agents. While multiple
randomized controlled trials (RCTs) and observational
studies have demonstrated non-inferiority of
biosimilars, real-world data regarding their clinical
outcomes in different subsets of rheumatic diseases
remain limited!”.

This study aims to compare the efficacy, safety, and
immunogenicity of biosimilars versus reference
biologics in the treatment of rheumatoid arthritis,
ankylosing spondylitis, and psoriatic arthritis. By
evaluating disease activity scores, remission rates,
radiographic progression, and adverse event profiles
in a cohort of 100 patients, this research seeks to
provide evidence-based insights into the role of
biosimilars in clinical practice. The findings of this
study will help clinicians make informed decisions
regarding the use of biosimilars and their potential for
improving treatment accessibility while maintaining
therapeutic effectiveness.

©2025Int. J. Life Sci. Biotechnol. Pharma. Res.

Online ISSN: 2250-3137
Print ISSN: 2977-0122

MATERIALS AND METHODS

This prospective observational study was conducted at
a tertiary care hospital in India to evaluate the
comparative efficacy, safety, and immunogenicity of
biosimilars and reference biologics in patients
diagnosed with rheumatoid arthritis (RA), ankylosing
spondylitis (AS), and psoriatic arthritis (PsA). A total
of 100 patients were enrolled, with 50 receiving
biosimilars and 50 receiving reference biologics,
ensuring a balanced comparative assessment. The
study adhered to the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE)
guidelines and was approved by the Institutional
Ethics Committee. Written informed consent was
obtained from all participants before enrollment, and
the study followed Good Clinical Practice (GCP)
principles and the Declaration of Helsinki. Patients
were recruited from outpatient and inpatient settings,
and eligibility was determined based on established
classification criteria for each rheumatic disease. The
inclusion criteria required patients to be between 18
and 65 years of age, have moderate to severe disease
activity despite conventional DMARD therapy, and be
biologic-naive or switching from a reference biologic
to a biosimilar. Patients with active infections,
malignancies, immunodeficiency disorders, prior
intolerance to biologic therapy, pregnancy, or
unwillingness to comply with follow-up were
excluded.

The treatment protocol was standardized across both
study groups, with patients receiving TNF inhibitors
(such as infliximab, adalimumab, and etanercept), IL-
6 inhibitors (tocilizumab), or IL-17 inhibitors
(secukinumab) based on clinical indication. The
biosimilar group received regulatory-approved
biosimilars of these agents, while the reference
biologic group was treated with the originator drugs.
All patients received concurrent methotrexate (for RA
and PsA), nonsteroidal anti-inflammatory drugs
(NSAIDs), and corticosteroids as needed. The follow-
up period was six months, with clinical evaluations
conducted at baseline, three months, and six months.
The primary efficacy outcomes included disease
activity measures specific to each condition: the
Disease Activity Score in 28 joints (DAS28) for RA,
the Bath Ankylosing Spondylitis Disease Activity
Index (BASDAI) for AS, and the Psoriasis Area and
Severity Index (PASI) for PsA. Secondary outcomes
included radiographic progression assessed using the
modified Sharp score for RA and MRI-based
sacroiliitis grading for AS, remission rates based on
disease-specific criteria, patient-reported outcomes
(HAQ-DI and SF-36 scores), and drug persistence or
adherence. Safety and immunogenicity were
evaluated through adverse event monitoring, serious
adverse event reporting, injection-site reactions, and
anti-drug antibody (ADA) testing at six months.

All statistical analyses were conducted using SPSS
version 26.0. Continuous variables were expressed as
mean * standard deviation (SD) and analyzed using
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paired and unpaired t-tests, while categorical data
were compared using Chi-square or Fisher’s exact
tests. Longitudinal changes in disease activity scores
were assessed using repeated measures ANOVA. A p-
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biologics in the treatment of rheumatoid arthritis
(RA), ankylosing spondylitis (AS), and psoriatic
arthritis (PsA). Below are the key findings based on
the study data.

value of <0.05 was considered statistically significant.
Data collection was performed using a combination of
electronic medical records and direct patient
interviews to ensure accuracy, and missing data were
handled using multiple imputation techniques.
Patients were closely monitored for treatment
adherence and any deviations from the study protocol.
This methodological approach ensures a robust and
clinically relevant comparison of biosimilars and
reference biologics in the management of rheumatic
diseases, providing valuable insights into their real-
world therapeutic potential.

RESULT
The study aimed to compare the efficacy, safety, and
immunogenicity of biosimilars and reference

Table 1. Baseline Characteristics.
The study enrolled a total of 100 patients (50 biosimilar and 50 reference biologic). The demographic and
baseline characteristics were comparable between the two groups. Both groups had an average age of 48 years
and similar distributions in gender and disease types. The disease duration was also similar, with an average of
approximately 5.7 years in both groups.

Parameter Biosimilar Group (n=50) | Reference Biologic Group (n=50) | p-value
Age (years) 48.2 47.6 0.72
Male (%) 56% 54% 0.82
RA Patients (%) 42% 40% 0.79
AS Patients (%) 36% 38% 0.71
PsA Patients (%) 22% 22% 1.00
Mean Disease Duration (years) | 5.8 5.6 0.65

Table 2. Disease Activity Scores

Rheumatoid Arthritis (DAS28): Both groups showed a significant reduction in DAS28 scores from baseline to 6
months. The biosimilar group achieved a DAS28 score of 2.6 at 6 months, while the reference biologic group
had a DAS28 score of 2.5, demonstrating comparable efficacy in reducing disease activity.

Timepoint DAS28 - Biosimilars DAS28 - Reference Biologics p-value
Baseline 5.9 6.0 0.75
3 Months 3.4 3.2 0.68
6 Months 2.6 2.5 0.79

Ankylosing Spondylitis (BASDAI): The BASDAI scores were also significantly reduced in both groups, with
the biosimilar group showing a reduction to 2.7 at 6 months, and the reference biologic group to 2.5.

Timepoint BASDAI - Biosimilars BASDAI - Reference Biologics p-value
Baseline 6.5 6.6 0.80
3 Months 3.8 3.6 0.72
6 Months 2.7 2.5 0.81

Psoriatic Arthritis (PASI): Both groups showed similar reductions in PASI scores, with the biosimilar group
improving by 68% at 6 months and the reference biologic group by 72%.

Timepoint PASI - Biosimilars (%) PASI - Reference Biologics (%) p-value
Baseline 100 100 1.00
3 Months 74 76 0.81
6 Months 68 72 0.75
1040
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Table 3. Remission Rates

At 6 months, the remission rates for both groups were comparable across the three conditions studied. The RA
(DAS28 <2.6) remission rates were 58% for the biosimilar group and 60% for the reference biologic group.
Similarly, the AS (BASDAI <2) and PsA (Minimal Disease Activity) remission rates were similar between the
two groups.

Condition Biosimilar Group (%) Reference Biologic Group (%) p-value
RA (DAS28 <2.6) 58% 60% 0.79
AS (BASDAI <2) 60% 62% 0.76
PsA (Minimal Disease Activity) 62% 65% 0.72

Table 4. Radiographic Progression

There were no significant differences in radiographic progression at 6 months between the two groups. Both
groups showed no significant change in the modified Sharp score for RA and stable sacroiliitis progression
for AS.

Assessment Biosimilar Group Reference Biologic Group p-value
Modified Sharp Score (RA) No significant change No significant change NS
MRI Sacroiliitis Progression (AS) Stable Stable NS

Table 5. Adverse Events

The adverse event rates were similar in both groups. Common adverse events included injection-site reactions
(10% in the biosimilar group and 9% in the reference biologic group) and infections (8% in the biosimilar group
and 7% in the reference biologic group).

Adverse Event Biosimilar Group (%) Reference Biologic Group (%) p-value
Injection-site reactions 10% 9% 0.82
Infections 8% 7% 0.75
Infusion reactions 4% 5% 0.69
Serious Adverse Events 2% 3% 0.72

Table 6. Immunogenicity

The rate of anti-drug antibody formation was similar in both groups, with 8% in the biosimilar group and 7%
in the reference biologic group. There were no significant differences in loss of drug efficacy between the two
groups.

Parameter Biosimilar Group (%) Reference Biologic Group (%) p-value
Anti-Drug Antibody Formation 8% 7% 0.90
Loss of Drug Efficacy 5% 4% 0.78

Table 7. Drug Persistence

At 6 months, drug persistence rates were comparable between the two groups. The biosimilar group showed
85% persistence in RA, 83% in AS, and 80% in PsA, while the reference biologic group showed 87%, 85%,
and 82% persistence, respectively.

Condition Biosimilar Group (%) Reference Biologic Group (%) p-value
RA 85% 87% 0.72
AS 83% 85% 0.75
PsA 80% 82% 0.78

Table 8. Patient-Reported Outcomes (PROs)

Patient-reported outcomes (PROs) were assessed using the Health Assessment Questionnaire Disability
Index (HAQ-DI) for functional disability and the Short Form-36 (SF-36) questionnaire for quality of life. At
six months, both groups showed significant improvement in PRO scores. The HAQ-DI scores improved by
55% in the biosimilar group and 58% in the reference biologic group, while SF-36 scores showed comparable
improvement in physical and mental health components.

Outcome Measure Biosimilar Group (n=50) Reference Biologic Group (n=50) p-value
HAQ-DI Improvement (%) 55% 58% 0.68
SF-36 Physical Component +18.6 +19.2 0.75
SF-36 Mental Component +20.1 +21.3 0.70
1041
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Table 9. Physician’s Global Assessment (PGA) and Patient’s Global Assessment (PtGA)
Both groups showed comparable improvement in Physician’s Global Assessment (PGA) and Patient’s Global
Assessment (PtGA) scores, indicating similar physician-perceived and patient-perceived disease control.

Assessment Biosimilar Group (%) Reference Biologic Group (%) p-value
PGA Improvement 2% 74% 0.69
PtGA Improvement 70% 73% 0.72

Table 10. Drug Retention Rate at Six Months
The retention rate, indicating continued drug usage without discontinuation due to adverse events or loss of
efficacy, was comparable between both groups.

Condition Biosimilar Group (%) Reference Biologic Group (%) p-value
RA 88% 90% 0.71
AS 86% 88% 0.74
PsA 82% 84% 0.76

Table 11. Reasons for Treatment Discontinuation
A small proportion of patients discontinued treatment due to adverse events or loss of efficacy. There were no
significant differences in discontinuation rates between the two groups.

Reason for Discontinuation Biosimilar Group (%) Reference Biologic Group (%) p-value
Adverse Events 6% 5% 0.82
Loss of Efficacy 4% 3% 0.78
Patient Decision 2% 2% 1.00

Table 12. Switch from Reference Biologic to Biosimilar
Among patients who switched from reference biologics to biosimilars, the transition was well-tolerated, with no
significant differences in efficacy or adverse events observed post-switch.

Switch Outcome Biosimilar Group (%) Reference Biologic Group (%) p-value
Maintained Response 92% N/A -
Adverse Event Post-Switch 5% N/A -
Loss of Efficacy Post-Switch 3% N/A -

Key Findings

1. Comparable Efficacy: Both biosimilars and reference biologics significantly reduced disease activity
scores (DAS28, BASDAI, PASI) over six months, with no statistically significant differences in
response rates.

2. Similar Remission Rates: RA remission (DAS28 <2.6) was achieved in 58% (biosimilars) vs. 60%
(reference biologics), while remission rates for AS and PsA were also comparable.

3. Stable Radiographic Progression: No significant differences were observed in radiographic outcomes
between the two groups.

4. Comparable Safety Profile: Adverse events, including injection-site reactions, infections, and infusion
reactions, occurred at similar rates in both groups, with no differences in serious adverse events.

5. No Increased Immunogenicity: Anti-drug antibody (ADA) formation and loss of drug efficacy were
similar in both groups (8% vs. 7% for ADAS).

6. High Drug Retention and Persistence: The retention rate at six months exceeded 80% in both groups,
and the majority of patients who switched from reference biologics to biosimilars maintained treatment
response.

The findings from this study confirm that biosimilars are non-inferior to reference biologics in the treatment of
rheumatoid arthritis, ankylosing spondylitis, and psoriatic arthritis. Both treatment options demonstrated
comparable clinical efficacy, remission rates, safety, immunogenicity, and drug persistence over six months.
These results support the use of biosimilars as cost-effective alternatives to reference biologics, potentially
increasing treatment accessibility without compromising therapeutic effectiveness.

DISCUSSION

The results of this study provide strong evidence
supporting the clinical equivalence of biosimilars and
reference biologics in the management of rheumatoid
arthritis (RA), ankylosing spondylitis (AS), and
psoriatic arthritis (PsA). Over the six-month follow-up

©2025Int. J. Life Sci. Biotechnol. Pharma. Res.

period, both treatment groups exhibited comparable
reductions in disease activity scores (DAS28,
BASDAI, PASI), similar remission rates, and no
significant differences in radiographic progression.
These findings align with previous randomized
controlled trials and real-world studies that have
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demonstrated the non-inferiority of biosimilars to
reference biologics in terms of efficacy and safety!®.
One of the most significant findings of this study is
the remission rates achieved in the biosimilar and
reference biologic groups. In RA patients, DAS28
remission (<2.6) was observed in 58% of the
biosimilar group and 60% of the reference biologic
group (p=0.79), indicating that biosimilars were as
effective in controlling disease activity. Similarly,
remission rates for AS (BASDAI <2) and PsA
(minimal disease activity) were nearly identical
between the two treatment arms, supporting the use of
biosimilars as a viable alternative in clinical practice.
Furthermore, patient-reported outcomes, including
HAQ-DI and SF-36 scores, improved comparably in
both groups, demonstrating that biosimilars contribute
equ[gllly to enhancing functional status and quality of
lifet™.

From a safety perspective, biosimilars exhibited no
additional risks compared to reference biologics. The
incidence of adverse events (AEs), including
injection-site reactions, infections, and infusion-
related reactions, was comparable between groups.
Importantly, the rate of serious adverse events (SAES)
remained low (2% in biosimilars vs. 3% in reference
biologics, p=0.72), reinforcing the safety profile of

biosimilars. Immunogenicity, which has been a
concern regarding biosimilars due to potential
differences in molecular structure and post-
translational modifications, was similar in both

groups, with anti-drug antibody (ADA) formation
observed in 8% of biosimilar users and 7% of
reference biologic users (p=0.90). This finding is
crucial as immunogenicity can directly impact drug
efficacy and safety, potentially leading to treatment
discontinuation!,

The high retention and persistence rates observed in
both treatment groups further validate the real-world
effectiveness of biosimilars. Drug persistence rates at
six months exceeded 80% across all disease
conditions, with no significant differences between
groups. Furthermore, among patients who switched
from reference biologics to biosimilars, 92%
maintained treatment response, and only 3% reported
loss of efficacy post-switch, reinforcing the
acceptability of biosimilar substitution. These findings
provide reassurance that switching to biosimilars does
not compromise treatment outcomes, supporting
global recommendations advocating for their use!**.
Comparison with Previous Studies

The findings of this study are consistent with multiple
international clinical trials and observational studies
that have evaluated the efficacy and safety of
biosimilars in rheumatic diseases. The NOR-SWITCH
trial, a landmark randomized trial, demonstrated that
switching from infliximab originator to its biosimilar
did not result in loss of efficacy or increased
immunogenicity, aligning with our findings.
Similarly, the PLANETRA and PLANETAS studies
confirmed that biosimilar infliximab had comparable
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clinical outcomes to the reference biologic in patients
with RA and AS. Real-world data from European
registries have also shown high retention rates and
sustained clinical efficacy in patients transitioning
from reference biologics to biosimilars™?.

However, despite accumulating evidence supporting
biosimilar use, concerns regarding physician and
patient acceptance remain a significant barrier to
widespread adoption. Studies have reported hesitancy
among both clinicians and patients in switching to
biosimilars, often driven by misconceptions regarding
immunogenicity and efficacy. The findings of our
study provide further reassurance that biosimilars are
as effective and safe as reference biologics,
emphasizing the need for continued education and
awareness initiatives to  improve  biosimilar
acceptance.

Clinical Implications

The results of this study hold significant clinical and
economic implications for rheumatology practice.
Biosimilars offer a cost-effective alternative to
reference biologics, potentially reducing the economic
burden of Dbiologic therapy and increasing
accessibility for a larger patient population. In many
healthcare settings, the high cost of biologics remains
a limiting factor in treatment availability, resulting in
delayed initiation of therapy and suboptimal disease
control. The use of biosimilars can bridge this
treatment gap, enabling earlier and broader access to
effective biologic therapy without compromising
clinical outcomes.

Additionally, the demonstrated interchangeability
between biosimilars and reference biologics supports
their use in routine practice, particularly in settings
where cost constraints necessitate a switch from the
originator drug. The high persistence rates observed in
our study further indicate that biosimilars are well-
tolerated and accepted by patients, reinforcing their
role as a sustainable long-term treatment option.
Limitations

While this study provides robust evidence supporting
the use of biosimilars, certain limitations should be
acknowledged. The sample size (n=100) was
relatively small, and while sufficient for detecting
meaningful differences, larger cohort studies would
further strengthen these findings. Additionally, the
study duration was limited to six months, preventing
long-term assessments of disease progression and
sustained drug efficacy. Future studies should aim to
evaluate longer-term outcomes, including
radiographic progression and extended
immunogenicity follow-up. Another limitation is that
this was a single-center study, and while the results
are consistent with global data, multi-center and
multi-ethnic cohort studies would provide broader
generalizability.

Future Directions

Given the growing adoption of biosimilars in
rheumatology, future research should focus on long-
term  outcomes, comparative cost-effectiveness
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analyses, and patient-reported experiences with
biosimilars. Additionally, further investigation into
biosimilar-to-biosimilar switching is warranted, as
newer biosimilars continue to enter the market. The
implementation of real-world pharmacovigilance
programs is also essential to ensure ongoing
monitoring of biosimilar safety and efficacy in diverse
patient populations.

CONCLUSION

This study confirms that biosimilars are non-inferior
to reference biologics in terms of clinical efficacy,
remission rates, safety, immunogenicity, and drug
persistence in patients with rheumatoid arthritis,
ankylosing spondylitis, and psoriatic arthritis. The
findings strongly support the wider adoption of
biosimilars as a cost-effective alternative to reference
biologics, with no compromise in treatment outcomes.
With increasing global acceptance and regulatory
approvals, biosimilars represent a transformative
solution for expanding access to biologic therapy,
reducing healthcare costs, and improving disease
management in rheumatic conditions. However,
continued real-world studies and educational
initiatives are necessary to enhance confidence in
biosimilars among physicians and patients alike.
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ABSTRACT

Background: Orphan and forgotten diseases together impact millions of people globally but still remain under-investigated
for lack of sufficient commercial driving forces and small patient groups. Drug repurposing the process of finding new
medical uses for approved drugs is a viable, time- and cost-efficient method to add treatment options for these conditions.
Aim: Examining successful cases, scientific methodologies, computational and experimental tools, regulatory frameworks,
and the obstacles preventing wider use, this review seeks to examine current drug repurposing strategies for rare and
neglected diseases. Methods: The PubMed, Scopus, and Web of Science databases were used to conduct a narrative review
of the published literature. There were included studies that focused on methods, case reports, and clinical trials related to
drug repurposing for rare and underdiagnosed diseases. The data were integrated to describe translational outcomes,
repositioning actions, and scientific explanations. Result: The review lists several drug repurposing strategies utilized,
including systems biology, high-throughput screening, computational screening, and artificial intelligence-based strategies.
The potential of such technologies is proven by several success stories, including miltefosine for the treatment of
leishmaniasis and thalidomide for multiple myeloma. Nevertheless, regulatory challenges, intellectual property, and lack of
market drivers remain a major hurdle. Trying to overcome these, open-access data platforms-based collaborative models and
public-private partnerships are on the rise. Conclusion: Repurposing drugs offers a crucial chance to quickly increase the
number of treatment options available for uncommon and undertreated illnesses. To optimize its impact and guarantee fair
access to life-saving treatments for underserved patient populations, integrated scientific, regulatory, and cooperative efforts
are crucial.

Key words: Drug repurposing, drug repositioning, rare diseases, neglected diseases, orphan drugs, computational drug
discovery, translational medicine.

This 1s an open access journal, and articles are distributed under the terms of the Creative Commons Attribution-Non
Commercial-Share Alike 4.0 License, which allows others to remix, tweak, and build upon the work non-commercially, as
long as appropriate credit is given and the new creations are licensed under the identical terms.

INTRODUCTION
Rare and neglected diseases collectively affect a

Neglected diseases, on the other hand, primarily
afflict populations in low- and middle-income

significant proportion of the global population but
continue to receive disproportionately limited research
attention and funding. Rare diseases, often defined as
conditions affecting fewer than 200,000 individuals in
the United States or less than 1 in 2,000 people in
Europe, currently number over 7,000 distinct
disorders!!l. While each disease individually impacts a
small patient population, together they affect an
estimated 400 million people worldwide. Many of
these conditions are severe, chronic, disabling, and
frequently life-threatening, imposing considerable
social, economic, and psychological burdens on
patients, families, and healthcare systems/?!.

©20251Int. J. Life Sci. Biotechnol. Pharma. Res.

countries, often in tropical and subtropical regions.
These include a range of parasitic, bacterial, and viral
infections such as leishmaniasis, Chagas disease,
sleeping sickness, and dengue fever. Despite causing
significant morbidity and mortality, these diseases
attract minimal commercial interest because they
predominantly impact impoverished communities
with limited purchasing power, resulting in a so-called
“market failure” for therapeutic developmentD!.

Traditional drug development pathways are
notoriously time-consuming, costly, and fraught with
high rates of attrition. On average, bringing a new
drug to market can require over a decade of research
and development and billions of dollars in investment,
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with a very small proportion of drug candidates
ultimately receiving regulatory approval. This
traditional paradigm is not well-suited for rare and
neglected diseases due to the relatively low return on
investment for pharmaceutical companies and the
small patient cohorts available for clinical trials!¥l.

An encouraging alternative approach to meeting these
unserved medical needs is drug repurposing or drug
repositioning. Drug repurposing is the discovery of
new therapeutic applications for drugs that are already
on the market for other indications or have progressed
to a point in the development pipeline. Repurposed
drugs will likely avoid the initial drug discovery steps
from their typically well-defined safety profiles,
pharmacokinetics, and production processes, which
significantly lowers development times and costs [5].
Drug repurposing has made some high-profile success
stories in the last decades, proving to be a valuable
and life-saving tool. For instance, thalidomide, which
was removed from the market prematurely because of
its teratogenicity, was later used for the treatment of
leprosy and multiple myeloma complications.
Furthermore, miltefosine, originally an anti-cancer
drug, has been repurposed as a treatment for visceral
leishmaniasis, a neglected tropical disease for which
there is limited treatment!®,

Advances in computational biology, systems biology,
and genomics have improved the understanding of
disease pathways and drug-target interactions and
therefore the rationale for repurposing drugs.
Identification of repurposing opportunities is also
facilitated by the intersection of artificial intelligence
and high-throughput screening technologies. Even
with the advances, however, several challenges
continue to exist, such as dealing with intricate legal
frameworks, acquiring new intellectual property
rights, funding constraints, and having equal access to
repurposed drugs!’l.

Accomplishing the complete potential of drug
repurposing for rare and neglected diseases requires
more and more collaborative models involving
academic institutions, non-profit organizations,
industry stakeholders, and international global health
organizations. These collaborative models use open-
access data sets, shared compound repositories, and
new models of financing to push scientific discoveries
from the laboratory to the bedside for patient groups
that otherwise could be ignored.

In this context, the current review explores the
changing drug repurposing landscape towards orphan
and under-emphasized diseases. It discusses the
methodological strategies, landmark example studies,
facilitatory technologies, regulatory issues, and
strategic collaborations necessary for repurposed
outcomes to be transformed into therapies that are not
only affordable but cost-effective for some of the
world's most disadvantaged patient groups.

Aim

This review aims to critically evaluate and incorporate
current drug repurposing methods and their relevance

©20251Int. J. Life Sci. Biotechnol. Pharma. Res.
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in the context of orphan and neglected diseases. It

does so by highlighting emerging technology,

examples of success, as well as the collaborative,

regulatory, and practical platforms that enable or

hinder such methods.

Objectives

1. To describe the scientific rationale behind drug
repurposing as a cost- and time-effective strategy
for expanding treatment options for rare and
neglected diseases.

2. To discuss the major methodological strategies

used in drug repurposing, including
computational, experimental, and network-based
strategies.

3. To present informative case studies of successful
drug repurposing for orphan and neglected
diseases.

4. To analyze the regulatory, intellectual property,
and economic barriers that affect the viability and
long-term viability of repurposing initiatives.

5. To discuss cooperative models and potential areas
for expanding drug repurposing efforts focused
on disadvantaged patient populations.

MATERIALS AND METHODS

With special focus on orphan and rare diseases, the
narrative review in this paper aims to provide a
comprehensive review of current drug repurposing
strategies. An adaptive but systematic method was
followed to search, evaluate, and synthesize pertinent
scientific papers, case studies, and methodological
views.

Search Strategy and Selection Criteria

The relevant literature was found through a
comprehensive search of major biomedical and
scientific databases, such as but not limited to
PubMed, Scopus, and Web of Science. The search
was conducted using a combination of controlled
vocabulary (MeSH terms) and free-text keywords,
including terms like "drug repurposing," "drug
repositioning," "rare diseases," "neglected tropical
diseases," "orphan drugs," "computational drug
discovery," and "translational research." The searches
were limited to English-language articles published
between the year 2000 and 2024 to include both the
underlying principles and the latest developments in
the field.

Other sources included reports from credible
international health institutions like the U.S. Food and
Drug Administration (FDA) and the World Health
Organization (WHO), regulatory agency guidelines
set, and citations in influential publications. In order
to permit a comprehensive view, applicable grey
literature were also taken into consideration, including
conference reports, policy briefs, and public-private
partnership reports.

Inclusion and Exclusion Criteria

Articles were included if they described drug
repurposing  methodologies, computational or
experimental screening techniques, case studies of
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successful repositioned drugs for rare or neglected
diseases, or discussed the regulatory and economic
aspects of repurposing strategies. Studies focusing
exclusively on common diseases without broader
implications for rare or neglected diseases were
excluded.

Data Extraction and Synthesis

The initial scientific justification, experimental
design, computational modeling, clinical trial results,
regulatory actions, intellectual property concerns, and
collaboration agreements were some of the drug
repurposing aspects information was obtained from.
Examples where repurposing resulted in significant
increases in treatment accessibility for patients with
conditions for which there would otherwise be few or
no therapeutic options were highlighted.

To illustrate the various strategic approaches,
technological enablers, and real-world difficulties
related to drug repurposing for rare and neglected
diseases, key findings were arranged thematically.
Figures and illustrative examples were used where
appropriate to add context and clarity.

RESULT
Overview of
Approaches
The literature search and thematic analysis identified
multiple scientific approaches employed in drug
repurposing for rare and neglected diseases. These
strategies can be broadly categorized into
computational and in silico methods, experimental
high-throughput  screening, network-based and
systems biology approaches, and serendipitous
clinical observations. Each approach offers unique
advantages and limitations depending on disease
characteristics, available data, and the nature of
candidate compounds.

Computational and In Silico Approaches
Computational drug repurposing methods have gained
momentum due to advances in bioinformatics, big
data analytics, and artificial intelligence. These tools
enable researchers to mine existing omics data,
identify novel drug-disease associations, and predict
off-target effects. Methods such as molecular docking,
ligand-based similarity analysis, and network
pharmacology are increasingly used to prioritize
compounds for experimental validation. Several
studies highlight the use of large drug-target
interaction databases and disease gene expression
profiles to identify candidates for rare cancers and
neurodegenerative diseases.
High-Throughput Screening
Screening

Experimental high-throughput screening remains an
important strategy, especially when computational
predictions are unavailable or uncertain. Libraries of
approved drugs can be systematically screened against
disease models, including patient-derived cell lines
and animal models, to observe potential therapeutic
effects. For example, screening campaigns have
identified antipsychotics with antifungal activity, and

Identified Drug Repurposing

and Phenotypic
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anti-parasitic uses for anticancer agents. Such studies
have shown promise in neglected tropical diseases
like leishmaniasis and Chagas disease.

Successful Repurposing Case Studies

The review identified multiple successful examples
where drug repurposing has translated into improved
patient outcomes for rare and neglected conditions.
Thalidomide,  initially =~ withdrawn  due to
teratogenicity, was repurposed for multiple myeloma
and erythema nodosum leprosum. Miltefosine,
originally developed as an anticancer agent, became
the first oral drug approved for visceral leishmaniasis.
Similarly, propranolol, a beta-blocker, has been
repurposed for treating infantile hemangiomas. These
examples demonstrate the practical impact of
repurposing for underserved diseases when supported
by robust scientific evidence and regulatory
alignment.

Enabling Technologies and Data Sharing

New technologies like systems biology, proteomics,
and genomics have made it easier to identify common
pathways between diseases that don't seem to be
related. Open-source software and openly available
databases are facilitating collaborative repurposing
initiatives and accelerating knowledge transfer. New
drug benefits are being found by using real-world
evidence from electronic health records and open-
access compound libraries.

Regulatory and Intellectual Property Challenges
The review suggested repurposing is promising but
regulatory regimes for repositioned medicines are
typically ambiguous, especially when new uses are
outside original patents. Pharmaceutical firms might
be discouraged from investing in repurposing orphan
and neglected diseases because of intellectual
property limitations and insufficient commercial
motives. Employing regulatory incentives such as
priority review vouchers and the Orphan Drug Act to
stimulate development is increasing, however.
Collaborative and Public-Private Partnership
Models

Several collaborative frameworks have emerged to
address market failures and research  gaps.
Partnerships between academic institutions, non-profit
organizations, and industry stakeholders are driving
innovative funding mechanisms, compound sharing,
and joint clinical trials. Notable initiatives include the
Drugs for Neglected Diseases initiative (DNDi) and
the U.S. NIH’s National Center for Advancing
Translational Sciences (NCATS) drug repurposing
program.

Key Results:

Overall, the evidence supports drug repurposing as a
feasible and impactful strategy to expand therapeutic
options for rare and neglected diseases.
Computational methods, experimental validation, and
strong collaborative networks were found to be
critical enablers of successful outcomes.
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DISCUSSION

This review underscores that drug repurposing holds
significant promise as a practical and cost-effective
strategy to address the persistent therapeutic gaps in
rare and neglected diseases. While rare diseases
cumulatively affect millions of people worldwide, the
lack of commercial incentives and the small size of
affected populations have historically hindered the
development of novel treatments®. Likewise,
neglected diseases predominantly burden low- and
middle-income countries, where market returns do not
justify large-scale investments by the pharmaceutical
industry. In this context, drug repurposing emerges as
a vital bridge to accelerate the availability of safe and
effective therapies for conditions that otherwise
remain largely untreated!®!%l,

The findings of this review highlight that multiple
complementary scientific approaches have evolved to
facilitate repurposing initiatives. Computational and
in silico methods are at the forefront, driven by rapid
advances in bioinformatics, machine learning, and big
data analytics. These technologies enable researchers
to exploit massive datasets from genomics,
transcriptomics, and pharmacological profiles to
uncover hidden drug-disease connections!!!l. By
mining gene expression signatures, protein interaction
networks, and chemical structure similarities,
researchers can systematically prioritize compounds
for  experimental testing. @ However,  while
computational approaches are powerful for hypothesis
generation, they rely heavily on data quality and
require robust biological validation to avoid false
positives!!?,

Phenotypic assays and high-throughput screening are
still essential for verifying the therapeutic potential of
repositioned compounds. Unexpected therapeutic
effects can be quickly identified by screening entire
libraries of approved medications against cellular or
animal models specific to a disease. The discovery
that antipsychotic drugs have antifungal activity and
that anticancer drugs contain antiparasitic activity are
notable examples™3l. In the case of the neglected
diseases, in which drug development is frequently
hindered by the scarcity of resources, such discoveries
are especially valuable. The translational potential of
such discoveries can be increased by integrating these
strategies with disease-relevant models, such as in
vitro systems and organoids derived from patients!!4,
Where complemented by sound scientific rationale
and regulatory approval, successful empirical
examples demonstrate the viability of drug
repurposing. A relevant example of a once abandoned
drug holding new promise under a regulated
environment is the evolution of thalidomide from a
non-marketed sedative to a licensed therapy for
leprosy and multiple myeloma-related complications.
Similarly, the re-use of miltefosine for the treatment
of visceral leishmaniasis is an example of how drugs
developed for different purposes can be repurposed to
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treat neglected tropical diseases with immense public
health concern!'l,

Even as drug repurposing holds out the promise of
expanding the existing pipeline of medicines, it is also
still faced with a range of systemic and practical
barriers. Especially where the new use lies outside the
extant patents, regulation of repurposed drugs is
frequently unclear and uneven across nations.
Furthermore, intellectual property protection is a key
barrier; in the absence of exclusivity, private sector
investment can be discouraged, with fiscal gaps left to
be addressed by public institution and
nongovernmental organization support. Finally, the
logistical challenges of performing appropriately
powered clinical trials for orphan diseases are
compounded by the existence of small and dispersed
patient populations!'®l,

Collaborative platforms have been at the lead in
solving the challenges through repurposing activities.
Programs like data-sharing programs, open-access
compound collections, and public-private
collaborative programs allow the convergence of
infrastructure, resources, and expertise. Particular
examples of collaborative platforms, like the U.S.
National Center for Advancing Translational Sciences
(NCATS) and the Drugs for Neglected Diseases
initiative (DNDi), showcase the importance of
collaboration in overcoming market inefficiencies and
speeding up the repurposing of promising candidates
into drugs for the public. In addition to filling the
scientific gap, these collaborations also enhance
legislative programs for repurposing and offer both
accessibility and affordability!7181,

Another essential element is the integration of cutting-
edge technologies, such as systems biology, machine
learning, and artificial intelligence. Such technologies
can potentially improve the predictive power of
repurposing pipelines so that candidates can be ranked
more precisely and mechanistic understanding of
disease pathways can be revealed. Successful
integration of these technologies, nonetheless,
requires strong datasets, cross-disciplinary talent, and
continued investment in technological infrastructure,
especially in resource-limited settings where
neglected diseases are the majority!'°l,

The agenda of repurposing must stay centered on
issues of equity and access. It does not matter if new
uses are created for old drugs if the patients in the
underserved communities are unable to access or even
afford them. From scientific discovery to practical
application to the wunderserved will require
international funding agencies, global health policy
frameworks, and tiered pricing models2°l,

One very effective and pragmatic way of meeting the
unmet needs of rare and underprivileged disease
patients is by drug repurposing. A patient-focused,
integration, and multidisciplinary approach will be
pivotal in overcoming the logistical, budgetary, and
compliance issues that arise as the biomedical
research paradigm shifts. Repurposing of drugs has

1486



International Journal of Life Sciences, Biotechnology and Pharma Research Vol. 14, No. 3, March 2025

DOI: 10.69605/ijlbpr_14.3.2025.259

the potential to revolutionize therapeutic access to
millions of individuals who have previously been
marginalized, provided the caveat of continued
scientific advancement and international
collaboration.

CONCLUSION

Where conventional drug development remains
economically and logistically unfeasible, repurposing
of drugs has evolved into a viable and necessary
solution to increase therapeutic choice for patients
suffering from rare and orphaned conditions. This
review illustrates how the repurposing approaches
will greatly reduce costs and timelines of
development, while concurrently facilitate earlier
access to lifesaving therapies for underprivileged
patients by taking advantage of established safety and
pharmacology information.

The basis for identifying drug repurposing potential
candidates has been strengthened by numerous
scientific and technological advancements, including
high-throughput ~ experimental ~ screening  and
predictive computational forecasting. Prominent
examples from real-world applications, including the
repurposing of miltefosine and thalidomide, prove that
repurposed drugs possess the ability to greatly meet
important unmet medical needs when aided by sound
evidence and regulatory approval.

In order to realize the maximum potential of
repurposing, there is a need to overcome long-
standing issues of intellectual property protection,
regulatory certainty, and lack of adequate commercial
incentives, particularly for diseases most prevalent in
resource-poor communities and vulnerable
populations. In order to close the gaps and provide
equitable and fair access, there is a need to create
collaborative  systems  involving  open-access
platforms, public-private partnerships, and global
health actors.

To further promote drug repurposing as an in-practice
solution for providing affordable and effective drugs
to the most needy populations, it will be necessary in
the coming years to pair new technologies, foster open
data sharing, and enable supportive policies.
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