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ARTICLE INFO ABSTRACT
Published: 22 Jun 2026 Gaucher disease is a rare inherited lysosomal storage disorder caused by deficiency of
Keywords: the enzyme glucocerebrosidase, resulting in accumulation of glucocerebroside within
Imiglucerase, Gaucher macrophages and leading to manifestations such as hepatosplenomegaly, anemia,
Disease, Regulatory Affairs, thrombocytopenia, and skeletal abnormalities. Imiglucerase, a recombinant enzyme
CDSCO, Biologics, Orphan replacement therapy, has emerged as an effective treatment option by replacing the
Drug, Approval deficient enzyme and improving metabolic function. Since Imiglucerase is a
Pathway recombinant biological product and an orphan drug, its development and approval
DOI: require a stringent regulatory framework to ensure quality, safety, efficacy, and
10.5281/zen0do.20806287 manufacturing consistency. This review aims to provide a comprehensive overview of

the regulatory aspects and approval pathway of Imiglucerase for the treatment of
Gaucher disease. The review summarizes Indian and international regulatory
requirements including provisions under the Drugs and Cosmetics Act, 1940, Drugs and
Cosmetics Rules, 1945, New Drugs and Clinical Trials Rules (NDCTR), 2019, CDSCO
guidelines, and global regulatory frameworks of US FDA and EMA. Important
regulatory processes including preclinical evaluation, clinical trial authorization,
manufacturing  requirements, import licensing, marketing authorization,
pharmacovigilance, and post-marketing surveillance are discussed. The review also
highlights regulatory challenges associated with biologics and orphan drugs, including
manufacturing complexity, immunogenicity risks, high treatment cost, and limited
patient populations.

INTRODUCTION gene, resulting in deficiency of the lysosomal

enzyme glucocerebrosidase. Deficiency of this
Gaucher disease is a rare inherited lysosomal  epzyme leads to accumulation of glucocerebroside
storage disorder caused by mutations in the GBA  yithin macrophages, resulting in formation of
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Gaucher cells that progressively accumulate in
organs such as the spleen, liver, and bone marrow.
Clinical manifestations include
hepatosplenomegaly, anemia, thrombocytopenia,
skeletal abnormalities, and
complications. The disease is generally classified
major types: Type I (non-
neuronopathic), Type II (acute neuronopathic),
and Type III (chronic neuronopathic) (10,15).

systemic

into three

replacement therapy (ERT) has
significantly improved management of Gaucher
disease by correcting the underlying enzyme
deficiency. Imiglucerase, a recombinant analogue

Enzyme

of human glucocerebrosidase, is one of the most
widely wused ERTs demonstrated
substantial therapeutic benefits in reducing disease

and has

burden and improving patient outcomes (6,10).

Since Imiglucerase is a recombinant biological
product and an orphan drug, its development and
regulatory approval pathway are more complex

than conventional pharmaceutical products.
Regulatory  authorities  require  extensive
evaluation of quality, safety, efficacy,

manufacturing consistency, clinical trial data, and
pharmacovigilance measures before approval. In
India, approval and regulation are governed by
CDSCO, DCGI, Drugs and Cosmetics Act, 1940,
Drugs and Cosmetics Rules, 1945, and New Drugs
and Clinical Trials Rules (NDCTR), 2019
(1,2,3,4).

The present review aims to summarize regulatory
aspects, approval pathways, and post-marketing
requirements associated with Imiglucerase for the
treatment of Gaucher disease.

2. SEARCH METHODOLOGY

A comprehensive literature search was conducted
to collect relevant information regarding the
regulatory aspects and approval pathway of
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Imiglucerase for the treatment of Gaucher disease.
Literature and regulatory information were
retrieved from scientific databases and official
regulatory resources including PubMed, Google
Scholar, Central Drugs Standard Control
Organization (CDSCO), United States Food and
Drug Administration (US FDA), European
Medicines Agency (EMA), International Council
for Harmonisation (ICH), and World Health
Organization (WHO) (1,5,7,8,12,13).

The search strategy utilized keywords including
“Imiglucerase,” “Gaucher Disease,” “Regulatory
Affairs,” “Biological Products,” “Orphan Drugs,”
“CDSCO,” “FDA approval pathway,” “EMA
guidelines,” and “Pharmacovigilance.” Additional
information was obtained from standard
pharmacology and regulatory affairs textbooks to
strengthen scientific and regulatory understanding

(9,10,11,15).

Articles, regulatory guidelines,
official documents,

review papers,
and published literature
available in the English language were included in
the review. Information related to approval
pathways, clinical trials, regulatory requirements,
manufacturing standards, pharmacovigilance, and
post-marketing surveillance of Imiglucerase was
critically reviewed and analyzed. Studies with
incomplete information, duplicate data, or content
unrelated to the scope of the review were excluded.

3. LITERATURE REVIEW

Gaucher disease is a rare inherited lysosomal
storage disorder caused by deficiency of the
enzyme  glucocerebrosidase,  resulting in
accumulation  of  glucocerebroside
macrophages and leading to

manifestations such as hepatosplenomegaly,
anemia, thrombocytopenia, and  skeletal
abnormalities (10,15). replacement
significantly

within
systemic

Enzyme

therapy has improved disease
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management and clinical outcomes in affected
patients.

Goodman and Gilman described enzyme
replacement therapy as an important therapeutic
approach for lysosomal storage disorders and
emphasized the role of recombinant biologics such
as Imiglucerase in correcting enzyme deficiencies
and improving patient outcomes (10). Rang and
Dale also discussed the therapeutic significance of
biopharmaceuticals replacement
therapies in management of rare inherited
disorders (15).

and enzyme

Regulatory literature indicates that recombinant
biological products require strict scientific and
regulatory assessment due to complexity in
manufacturing and potential variability affecting
safety and efficacy. Requirements including
quality assessment, manufacturing consistency,
immunogenicity and
pharmacovigilance are essential before regulatory
approval (6,10).

evaluation,

Regulatory authorities such as CDSCO have
established legal and scientific frameworks
governing biologics through the Drugs and
Cosmetics Act, 1940, Drugs and Cosmetics Rules,
1945, and New Drugs and Clinical Trials Rules
(NDCTR), 2019. These regulations provide
guidance regarding clinical trials, manufacturing
requirements, import procedures, and marketing
authorization processes (1,2,3,4).

Studies related to orphan drug regulation suggest
that therapies intended for rare diseases may
benefit from accelerated approval pathways and
regulatory incentives. Reports from US FDA and
EMA have demonstrated that orphan drug policies
support development and approval of therapies
such as Imiglucerase through scientific guidance
and post-marketing monitoring requirements
(7,8).
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Pharmacovigilance studies further emphasize the
importance of long-term safety monitoring for
biologics because adverse immune reactions and
treatment variability may appear after marketing
approval. Continuous monitoring through adverse
drug reaction reporting, Periodic Safety Update
Reports (PSURs), and risk management plans
remains important for maintaining patient safety
(5,11,13).

4. REGULATORY FRAMEWORK OF
IMIGLUCERASE.

Imiglucerase is a recombinant biological product
indicated for the treatment of Gaucher disease and
therefore requires strict regulatory oversight
throughout its lifecycle. Unlike conventional
small-molecule drugs, biologics possess structural
complexity and may exhibit variability during
manufacturing, storage, and
Consequently, regulatory authorities
extensive evaluation of quality, safety, efficacy,
manufacturing consistency, and post-marketing
safety before granting approval (1,3,13).

handling.
require

In India, the regulatory framework governing
Imiglucerase primarily includes the Drugs and
Cosmetics Act, 1940, Drugs and Cosmetics Rules,
1945, New Drugs and Clinical Trials Rules
(NDCTR), 2019, CDSCO guidelines, and Good
Clinical Practice (GCP) guidelines (1,2,3.,4).
These regulations establish legal and scientific
standards for development, clinical evaluation,
manufacturing, import, licensing, and marketing
authorization of biological products.

The Drugs and Cosmetics Act, 1940 serves as the
principal legislation regulating drugs and biologics
in India. It provides legal control over import,
manufacturing, distribution, clinical research
activities, and quality assurance processes.
Because Imiglucerase is a recombinant biologic,
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stricter supervision is required compared with
conventional pharmaceutical products (3).

The Drugs and Cosmetics Rules, 1945 provide
operational procedures for licensing,
manufacturing standards, import regulations,
packaging, and quality assurance requirements.
Important schedules relevant to Imiglucerase
include Schedule Y for clinical trial requirements,
Schedule M for Good Manufacturing Practice
standards, Schedule D for import procedures, and
Schedule C & C1 for biologics and specialized

products (3,4).

Furthermore, NDCTR 2019 introduced regulatory
reforms including accelerated approval timelines,
orphan drug provisions,
regulation, compensation provisions, and post-
trial access. These provisions support clinical
development and approval of therapies intended
for rare diseases such as Gaucher disease (2,7,8).

ethics committee

5. CLINICAL TRIAL AND APPROVAL
PATHWAY OF IMIGLUCERASE

The approval pathway of Imiglucerase involves
multiple scientific and regulatory stages intended
to establish product quality, safety, efficacy, and
therapeutic benefit before marketing
authorization. Since Imiglucerase is a recombinant
biologic and orphan drug, regulatory evaluation is
more extensive than that required for conventional
pharmaceutical products (1,2).

The development process begins with preclinical
studies, which  include  pharmacological,
toxicological, and safety assessments conducted in
laboratory and animal models. These studies
provide preliminary evidence regarding biological
activity and potential risks before initiation of
human clinical studies (2,12,14).
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After successful completion of preclinical
investigations, an application for clinical trial
authorization is submitted to regulatory authorities
together with supporting documents including
clinical trial protocols, investigator brochures,
informed consent forms, and ethics committee
approvals. Clinical trials are conducted according
to Good Clinical Practice (GCP) guidelines and
ethical standards to ensure participant safety (2,4).

Clinical evaluation generally proceeds through
four phases. Phase I studies primarily assess
safety, tolerability, and dosage. Phase II studies
evaluate therapeutic efficacy and adverse effects.
Phase III studies confirm efficacy and safety in
larger patient populations, whereas Phase IV
studies focus on post-marketing surveillance and
longterm safety monitoring (2,4,12).

Following successful completion of clinical
studies, a comprehensive dossier is submitted in
CTD/eCTD format containing administrative
information, quality data, nonclinical reports, and
clinical study findings. Regulatory authorities such
as CDSCO and DCGI evaluate the submitted
information ~ and  review  manufacturing
consistency, stability data, safety profile, and
benefit-risk assessment before granting marketing
authorization (1,3,12).

6. REGULATORY CHALLENGES
ASSOCIATED WITH IMIGLUCERASE

Despite considerable therapeutic benefits, the
development and regulatory approval of
Imiglucerase are associated with several scientific,
clinical, and regulatory challenges. Since
Imiglucerase is a recombinant biological product
and an orphan drug, regulatory evaluation is more
complex than that of conventional pharmaceutical
products (1,3).
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One of the major challenges involves the limited
patient population associated with Gaucher
disease. As a rare inherited disorder, recruitment
of sufficient subjects for clinical trials is often
difficult, which may affect collection of extensive

clinical data and long-term efficacy information
(2,7.3).

Another significant challenge is manufacturing
complexity. Imiglucerase is produced through
recombinant biotechnology processes requiring
highly controlled manufacturing environments,
sterile processing conditions, environmental
monitoring, equipment validation, and batch
consistency assessments. Even minor variations
during manufacturing may influence product
quality, therapeutic efficacy, and safety (3,13).

Immunogenicity risk represents another concern
associated with biological products. Long-term
administration of biologics may induce antibody
formation or infusion-related reactions that can
potentially affect treatment outcomes and patient
safety (5,13).

Additionally, high treatment cost and cold chain
maintenance requirements create challenges
related to accessibility and product handling.
Imiglucerase requires refrigerated storage and
proper transportation conditions because biologics
are highly sensitive to environmental changes.
Inappropriate storage conditions may compromise
product stability and therapeutic effectiveness
(12,13).

Addressing these regulatory and clinical
challenges requires coordinated efforts among
regulatory authorities, manufacturers, healthcare
professionals, and pharmacovigilance systems to
ensure continuous safety and patient access.
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7. FUTURE PERSPECTIVES

Future developments in the treatment and
regulatory management of Gaucher disease are
expected to improve therapeutic effectiveness,

accessibility, and patient outcomes. Advances in

biotechnology and regulatory science may
contribute to development of innovative
therapeutic  strategies beyond conventional

enzyme replacement therapy (10,15).

One of the most promising approaches is gene
therapy, which aims to correct the underlying
genetic defect responsible for glucocerebrosidase
deficiency. Gene-based therapeutic strategies may
provide long-term clinical benefits and potentially
lifelong  enzyme

reduce dependency on

replacement therapy (10,15).

Advancements in recombinant biotechnology may
also facilitate development of improved biologic
formulations with enhanced efficacy, reduced
immunogenicity, and better pharmacokinetic
profiles. Such improvements may contribute to
increased therapeutic effectiveness and patient
compliance (13).

The growing emphasis on personalized medicine
may allow therapeutic approaches to be tailored
according to individual genetic characteristics,
disease severity, and patient response patterns.
Personalized treatment strategies may optimize
therapeutic outcomes
effects (10,15).

and minimize adverse

Furthermore, improvements in orphan drug
policies and evolving regulatory frameworks may
support accelerated approval pathways, strengthen
incentives for rare disease drug development, and
improve patient access to innovative biologic
therapies. Continuous  advancements  in
pharmacovigilance and regulatory systems are
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expected to contribute toward safer and more
effective treatment options in the future (2,7,8).

8. DISCUSSION

The present review highlights the regulatory
complexity associated with approval and lifecycle
management of Imiglucerase for the treatment of
Gaucher disease. Unlike conventional small-
molecule drugs, biological products require
extensive scientific evaluation because minor
variations in manufacturing processes
significantly influence product quality, efficacy,
safety, and immunogenicity. Therefore, biologics

are regulated under stricter frameworks involving

may

comprehensive assessment of manufacturing
consistency, sterility assurance, clinical evidence,
and post-marketing monitoring (1,3,13).

The orphan drug status of Imiglucerase creates
additional regulatory challenges because Gaucher
disease affects a limited patient population.
Recruitment of adequate subjects for clinical
studies 1s difficult, which may influence
generation of large-scale efficacy and safety data.
To overcome these limitations, regulatory
authorities including US FDA and EMA provide
incentives such as accelerated pathways,
regulatory assistance, and orphan drug support
mechanisms (7,8).

Comparative  evaluation of Indian and
international regulatory systems indicates that
CDSCO and DCGI have adopted regulations
similar to globally accepted standards through
implementation of NDCTR 2019, GCP guidelines,
and ICH recommendations. These regulatory
reforms have contributed toward improving
transparency and accelerating approval processes
for innovative therapies and rare disease products
(2,4,12).
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Furthermore, pharmacovigilance remains a critical
component  throughout the lifecycle of
Imiglucerase. Longterm treatment with biologics
may lead to infusion-related reactions,
immunogenicity concerns, and rare adverse effects
that may not become evident during pre-marketing
studies. Therefore, continuous monitoring through
adverse drug reaction reporting, Periodic Safety
Update Reports (PSURs), signal detection, and
risk management strategies remains essential to
maintain  patient safety and therapeutic
effectiveness (5,11,13).

This discussion supports the importance of a
robust regulatory framework and emphasizes the
need for continued scientific and regulatory
advancements in the field of biologics and orphan
drug development.

9. CONCLUSION

Imiglucerase is an important recombinant enzyme
replacement therapy used in the management of
Gaucher disease, a rare inherited lysosomal
storage disorder. The development of Imiglucerase
has significantly improved treatment outcomes
and quality of life in affected patients.

Since Imiglucerase is both a biological product
and an orphan drug, its approval requires a
comprehensive regulatory framework involving

evaluation of quality, safety, efficacy,
manufacturing consistency, and
pharmacovigilance measures. The approval

pathway includes preclinical studies, clinical
evaluation, manufacturing compliance, marketing
authorization, and  post-marketing  safety
monitoring.

Future developments involving gene therapy,
advanced biologic technologies, personalized
medicine, and strengthened orphan drug policies
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may further improve treatment opportunities and
regulatory efficiency for rare diseases.
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