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Abstract

Liposomal drug delivery systems form an important branch of pharmaceutical product nanomedicine. Unlike traditional small-molecule
generics, structural and physicochemical characteristics of a lipid carrier system do not only regulate the therapeutic behavior of an active
pharmaceutical ingredient but also influence it. The liposomal formulations are therefore categorised as complex generics or non-
biological complex drugs (NBCDs). To prove the similarity of liposomal generics and their reference products would thus require a wider
range of analytical, non-clinical and clinical data in comparison with traditional generics. The current paper compares liposomal complex
generics regulatory expectations in 3 major jurisdictions of the United States, the European Union, and Japan. The comparison will be
made on the Common Technical Document(CTD) Modules 3, 4, and 5, which indicate, quality documentation, non-clinical evidence, and
clinical evidence respectively. Regulations and peer-reviewed literature have been analyzed in order to determine variation in regulatory
demands across these areas. The results show that complex generics require thorough description of physicochemical properties, biological
activity as well as pharmacokinetic functioning due to the impact of nanoscale structural features on drug targeting and toxicity. Regulatory
agencies vary in their scientific principles even though they have similar principles of regulation. European Union is focused on
comparability in detail; Japan focuses more on mechanistic non-clinical evaluation and the United States uses a risk-based regulatory
model which incorporates quality attributes and pharmacokinetic data. These regulatory differences can help pharmaceutical developers
to understand before submitting liposomal complex generics to global regulations.

Conclusion: Liposomal generics require more extensive evaluation than traditional generics, including detailed structural and biological
characterization. Regulatory expectations differ: Europe emphasizes analytical comparability, Japan focuses on nonclinical studies, and
the US follows a risk-based approach with quality and PK data. Understanding these regional differences is essential for efficient
development and successful global submissions.
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1. Introduction The motivation behind the invention of liposomal drug
products is driven by the fact that the majority of
traditional formulations are limited by many factors that
can be overcome by employing liposomal products. There
is a host of therapeutic agents that exhibit minimized
aqueous solubility, hastened systemic excretion, and
exaggerated off-target toxicity. Liposomal carriers have
the potential to positively influence therapeutic effects
potentially by preventing active drug molecule metabolic
degradation, prolonging systemic circulation and allowing
selective targeting of pathological sites e.g. by tumours,
spending assisted by processes such as the enhanced
permeability and retention (EPR) effect. (2,3)

Liposomal drug delivery system refers to nanoscale
vesicular carriers which are made of phospholipid bilayer
and catalyze the encapsulation of an aqueous core. The
structures mimic the biological membranes and have the
ability to absorb soluble and insoluble pharmaceutical
molecules. Hydrophilic molecules are classically found at
the aqueous core of the vesicle, at the same time as
lipophilic molecules are built into the lipid bi-layer. By
extension, the structural adaptability of liposomal
platforms has made them critical in boosting drug delivery
in the pharmaceutical development platform, especially in
antineoplastic and antimicrobial therapies. (1)
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Various liposomal drug products have been implemented
into clinical practice. The representative cases include
liposomal doxorubicin and liposomal amphotericin B,
which have reported increased pharmacokinetic processes
and reduced the systemic toxicity compared to their
classical derivatives. These advantages can be explained
by the change in the distributions, metabolism, and
excretion of the active drug that is caused by a liposomal
encapsulation. (4)

In spite of these, the regulatory evaluation of the liposomal
formulations is significantly more complex than the
traditional small-molecule generics. Unlike generics
which generally show therapeutic equivalence by

pharmaceutical  equivalence and  pharmacokinetic
bioequivalence assays, liposomal formulations in
structural terms undertake significant effect on

pharmacokinetics, biodistribution and safety. Such slight
changes as the distribution of particle sizes, lamellarity,
lipid molecule structure, encapsulation capacity, and
surface charge can significantly alter the performance of
the products. (5)

Due to these reasons, liposomal preparations are
considered a complex drug product or non-biological
complex drug. Based on this, regulatory authorities ensure
that thorough assessment including physicochemical
characteristics, biological behaviour and clinical
pharmacokinetics are conducted. (6)

To standardise regulatory submissions at international
level, the International Council for harmonisation came up
with a set of formats known as the Common Technical
Document (CTD). Under this model, Module 3 will
include quality and manufacturing; Module 4 will include
non-clinical pharmacology and toxicology study, and
Module 5 will include report of clinical studies. (7)

Liposomal drug products have a specific regulatory
framework that major regulatory authorities, namely the
U.S. Food and Drug Administration (FDA), European
Medicines Agency (EMA), and the Pharmaceuticals and
Medical Devices Agency (PMDA) in Japan have
developed to assess the products. Although the
implementation of these frameworks is built on the same
scientific principles, the regulatory expectations between
the two are different in terms of the nature and scope of
evidence they need. (8)

Understanding these regulatory differences is important
for pharmaceutical companies developing liposomal
complex generics for global markets. A systematic
comparison of regulatory expectations can help guide
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formulation development, analytical characterization, and
regulatory strategy.

2. Regulatory Assessment Approach

The needs analysis was done to determine the obligation
related to liposomal complex generics in the United States,
Europe, and Japan. Instead, the analysis was in relation to
CTC modules 3, 4 and 5, and this relates to quality
documentation, non-clinical studies and hence clinical
studies respectively.

Documents of the regulatory guidance issued by the U.S.
Food and Drug Administration, the European Medicines
Agency, and the Pharmaceuticals and Medical Devices
Agency were analysed with an aim of defining the official
regulatory expectations. In addition, peer-reviewed
materials on the development of liposome drugs and the
regulation of nanomedicines were examined to explain the
science behind these regulatory models. (9)

The information gained out of these sources was arranged
based on the CTD module plan. The contents of Module 3
were physicochemical characterization and manufacturing
controls, Module 4 was non-clinical pharmacological and
toxicology studies, and content of Module 5 was clinical
pharmacokinetic and therapeutic equivalence studies.

The control expectations of the liposomal complex
generics were then contrasted with the traditional
expectations that were reflected by the conventional small-
molecule generics. The compiled data was tabulated to
bring out the interregional differences in regulatory
requirements.

3. Comparative Evaluation

The comparative analysis shows that liposomal complex
generics require much larger datasets compared to the
traditional generics, due to the action of nanoscale
structural properties on drug activity in the organism. As a
result of this, regulatory authorities require further
physicochemical characterization, nonclinical studies and
clinical testing to establish therapeutic similarity with the
reference product.

3.1 Europe (EMA)

The European regulatory framework tends to take a focus
on the abundance of analysed comparability of the generic
liposomal formulation and reference product. The EMA
needs to be characterized in terms of physicochemical
characteristics to show the similarity in the critical quality
attributes that can affect the pharmacokinetics and the
performance on therapeutic use. (10)

Table 1. European Union Requirements — Normal Generics vs Liposomal Complex Generics

Requirement
API characterization
Excipient composition
Particle size distribution

Lamellarity

Morphology
Zeta potential
Encapsulation efficiency

e-1SSN: 2321-6794

Normal Generics
Chemical purity

Basic excipients

Not required
Not required
Not required
Not required
Not required

[50]

Liposomal Complex Generics
API plus encapsulated drug analysis
Detailed lipid composition
Critical parameter
Characterization recommended
Cryo-TEM analysis
Surface charge characterization
Required



Zuki et.al

Drug-to-lipid ratio
Free drug content

Lipid composition verification
Phase transition temperature

In-vitro release testing
Stability testing
Container compatibility
QTPP identification
CQA identification
CPP identification
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Not required
Not required
Not required
Not required

Dissolution test
Standard stability

Basic testing
Not required
Not required
Not required

Required

Quantification required
Detailed lipid analysis
May be required
Liposome release testing
Leakage monitoring
Detailed compatibility
Recommended

Required

Required

Manufacturing process characterization Basic
Comparative PK study Required
Clinical bridging study Rare

3.2 Japan (PMDA)

A more conservative regulatory strategy is used towards
complex generics in Japan. Mechanistic evidence that
shows similarity of the biological behaviour of the generic

Detailed liposome process
Required
Possible requirement

and reference formulations are often sought by the PMDA
such as the study of biodistribution, the immune response,
and the detailed characterization of the form of the
liposomal system. (11)

Table 2. Japan Requirements — Normal Generics vs Liposomal Complex Generics

Requirement
API characterization Chemical identity
Basic excipients
Not required
Not required
Not required
Not required
Not required
Not required

Not required

Excipient composition
Particle size distribution
Lamellarity
Morphology

Zeta potential
Encapsulation efficiency
Drug-to-lipid ratio

Free drug content

Phase transition temperature Not required
In-vitro release testing Dissolution
Stability testing Standard
Biodistribution studies Not required
Animal PK studies Rare
Toxicokinetic studies Rare
Repeat-dose toxicity Rare

Not required
Not required
Clinical PK study Required
Not required

Immunogenicity studies
RES uptake characterization

Immunogenicity monitoring

3.3 United States (USFDA)

Liposomal complex generics are assessed by the FDA in
terms of a risk-based regulatory paradigm. Critical quality

Normal Generics

Liposomal Complex Generics
API plus encapsulated drug
Detailed lipid composition
Required
Required
Required
Required
Required
Required
Required
Required
Release profile required
Leakage monitoring
Required
Required
Required
Possible
Required
Required
Required
Often required
attribute analytical characterization, alongside

pharmacokinetic bioequivalence, is the leading basis on
regulatory decision-making. (12)

Table 3. United States Requirements — Normal Generics vs Liposomal Complex Generics

Requirement
API characterization Chemical purity
Basic excipients

Not required

Excipient composition

Particle size distribution

e-ISSN: 2321-6794

Normal Generics

Liposomal Complex Generics
API plus encapsulated drug
Detailed lipid composition
Required
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Lamellarity
Morphology

Zeta potential
Encapsulation efficiency
Drug-to-lipid ratio
Free drug content
In-vitro release testing
Stability testing

CQA identification
QTPP development
CPP identification

Not required
Not required
Not required
Not required
Not required
Not required
Dissolution
Standard stability
Not required
Not required
Not required

Manufacturing process control Basic
Analytical method validation Basic
Animal PK studies Rare
Biodistribution studies Rare
Human PK bioequivalence Required
Clinical safety monitoring Limited

regard to the same scientific principles in assessing
liposomal complex generics, however, the regulatory
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Recommended

Required

Required

Required

Required

Required

Liposome release testing
Extended stability
Required

Recommended

Required

Detailed process control
Advanced analytical methods
Possible

Possible

Required

Enhanced monitoring

policies are different. Europe tends to rely on tiring efforts
at analytical comparability; Japan favors mechanical
nonclinical evidence; and the United States is risk-oriented
regulatory approach in incorporating the quality features
with pharmacokinetic analysis. (13)

Table 4. Comparison of Liposomal Complex Generic Requirements Across Regions

Module USA
Module 3 Detailed CMC
characterization
Module 4 Selective nonclinical
studies
Module 5 PK bioequivalence
4. Conclusion

The present study confirms that liposomal preparations
represent a distinct type of complex generics, which
require a much larger scope of regulatory evaluation
compared to traditional small-molecule generics. Whereas
the traditional forms mainly rely on the measurements of
pharmaceutical  equivalency and  pharmacokinetic
bioequivalency, the liposomal complex generics require a
thorough  characterization ~ of  the  structural,
physicochemical, and biological properties to establish
their therapeutic equivalency to the reference product.

The comparative analysis further indicates that major
regulatory agencies across the world have different
expectations with regard to regulatory expectations.
Extensive analytical comparability of the generic and
reference liposomal formulations is largely preferred by
the European regulatory framework. On the other hand, the
Japanese regulatory approach has a higher emphasis on
mechanistic nonclinical studies, including biodistribution
and immunogenicity studies. Risk-based regulation is also
used in the United States, in which the overall

Europe

Extensive physicochemical
comparability
Conditional nonclinical studies

PK plus bridging studies

[52]

Japan

Highly detailed structural
characterization
Extensive nonclinical evaluation

PK with immunogenicity monitoring

All these results highlight the importance of valuing
region-specific regulatory needs during the development
of liposomal complex generics. Anticipation of these
expectations early perhaps may support the optimization
of development strategy, regulatory uncertainty, and
effective submissions to regulatory authorities in many
countries.
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