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ABSTRACT
Advanced Targeted Drug Delivery Systems (ATDDS) encompassing nanoparticulate carriers, liposomal formulations,
antibody-drug conjugates, dendrimers, and gene-editing vectors present transformative therapeutic potential alongside
novel and complex safety challenges. The clinical translation of such systems in India is governed by an intricate
regulatory architecture anchored in the Drugs and Cosmetics Act, 1940 (DCA), the New Drugs and Clinical Trials Rules,
2019 (NDCTR), and operational guidelines issued by the Central Drugs Standard Control Organisation (CDSCO). This
research undertakes a doctrinal and critical analysis of the extent to which existing Indian pharmaceutical law and
regulation adequately addresses the unique physicochemical, pharmacokinetic, and toxicological risks posed by ATDDS
during clinical development. Through systematic examination of statutory provisions, subordinate legislation, judicial
precedents, and international regulatory comparators (FDA, EMA, ICH), this paper identifies significant definitional
gaps, institutional inadequacies, and procedural ambiguities that impede safe translation. The paper argues that India
urgently requires a dedicated nano-pharmaceutical regulatory framework, reformed risk-based adaptive clinical trial
designs, and strengthened post-market surveillance infrastructure. Concrete legislative and regulatory reform proposals
are advanced, grounded in constitutional imperatives of public health and the right to life under Article 21 of the
Constitution of India.
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1. Introduction

polymeric nanoparticles, liposomes and solid lipid

The convergence of nanotechnology, molecular biology,
and materials science has generated a new class of
pharmaceutical entities generically described as Advanced
Targeted Drug Delivery Systems (ATDDS). Unlike
conventional small-molecule drugs, ATDDS achieve
therapeutic effect through precise spatial and temporal
delivery of active pharmaceutical ingredients (API) to
disease-specific cellular or molecular targets, thereby
maximising therapeutic
systemic toxicity. Representative

efficacy while minimising

systems include

nanoparticles (SLN), carbon nanotubes, quantum dots,
monoclonal antibody conjugates, aptamer-guided carriers,
and CRISPR-based gene therapy vectors.

India, as a globally significant pharmaceutical
manufacturing hub and the home to a population bearing
disproportionate  burdens of tuberculosis,
HIV/AIDS, and cardiovascular disease, has an urgent
national interest in facilitating safe and accelerated clinical
translation of ATDDS. The domestic pharmaceutical

industry valued at approximately USD 50 billion

cancer,
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increasingly invests in next-generation drug delivery
research. Clinical trial activity in India, facilitated by a
demographically diverse and treatment-naive patient pool,
provides valuable global trial data. Yet, regulatory
readiness for ATDDS remains nascent.

The central doctrinal question examined in this research
is: Do the Drugs and Cosmetics Act, 1940, the New
Drugs and Clinical Trials Rules, 2019, and CDSCO
Guidelines, individually and collectively, provide a
legally  sufficient, scientifically calibrated, and
institutionally robust framework for the safe clinical
translation of ATDDS in India? The analysis proceeds

from first principles of regulatory jurisprudence,
employing  doctrinal, = comparative, and critical
methodologies.

This paper is structured as follows: Section 2 situates
ATDDS within the taxonomy of Indian pharmaceutical
regulation; Section 3 critically analyses the DCA 1940;
Section 4 examines the NDCTR 2019; Section 5 dissects
CDSCO guidelines; Section 6 undertakes comparative
analysis; Section 7 identifies critical regulatory gaps;
Section 8 advances reform proposals; and Section 9
concludes.

2. ATDDS: Scientific Taxonomy and Regulatory
Relevance

2.1 Classification of Advanced Drug Delivery Systems
ATDDS  are
pharmaceuticals

distinguished  from  conventional
by properties including nanoscale
dimensionality (1-1000 nm), surface functionalisation,
stimuli-responsive drug release, and active/passive
targeting mechanisms. The principal categories relevant to
Indian regulatory consideration include:

Table 1: Classification of ATDDS and Applicable
Regulatory Considerations

Represe Primary gedgl:ll;
Category ntative Risk -
Systems Profile
Status
Nanopart = PLGA 10— Immunoto New
iculate NPs, 500 | xicity, Drug
Carriers Chitosan | nm | organ (Sched
NPs, accumulat | ule Y)
SLN ion
Liposom | PEGylate 50— | Infusion New
al d 200 | reactions, Drug
Formulati | liposome = nm | compleme af
ons S, novel

Represe Primary Indian
. . Regula
Category ntative Risk oy
Systems Profile Status
Transfero nt formul
somes activation ation)
Antibody | Trastuzu = 7— @ Off-target New
-Drug mab- 12 | cytotoxicit = Drug/
Conjugat DM1, nm y, linker | Biologi
es (ADC) Brentuxi | link stability ®
mab er
Dendrim | PAMAM = 2- | Hepatotox | Undefi
ers , PPI 10 icity, ned /
dendrime | nm | genotoxici New
IS ty Drug
Polymeri PEG- 10— CMC- New
c PLA, 100 | dependent = Drug
Micelles = Pluronic = nm stability (Sched
micelles risks ule Y)
Gene AAV, 20— | Insertional = Biologi
Therapy | lentivirus = 150 | mutagenes cal /
Vectors , LNP- nm is, New
mRNA immunoge | Biologi
nicity cal
Carbon SWCNT, 0.8 @ Pulmonar  Undefi
Nanotube MWCNT | —50 @y toxicity, ned
s(CNT) | conjugate = nm bio regulat
s persistenc ory
€ niche
Quantum CdSe, 2— Heavy Effecti
Dots ZnSQDs | 10 metal vely
for nm toxicity, | unregul
theranosti photodegr ated
cs adation

2.2 Physicochemical Properties Driving Regulatory
Complexity

The regulatory complexity of ATDDS arises from
properties that confound standard pharmaceutical
characterisation paradigms. Particle size, zeta potential,
surface chemistry, API encapsulation efficiency, and in
vivo fate collectively determine safety and efficacy
profiles that cannot be predicted by API chemistry alone.
The nanoparticle-biological interface where nanoparticles
adsorb serum proteins forming a 'protein corona'
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profoundly alters in vivo targeting efficiency and
immunological responses, yet no specific corona
characterisation requirement exists in Indian regulations.

Furthermore, ATDDS exhibit manufacturing-dependent
quality attributes. Minor changes in process parameters
(temperature, sonication intensity, excipient ratios)
produce biologically significant changes in the final
product. This necessitates a Quality by Design (QbD)
approach, process analytical technology (PAT), and robust
in-process controls standards that Indian regulations
implicitly require under Schedule Y but do not explicitly
calibrate for nanosystems.

3. Doctrinal Analysis: The Drugs and Cosmetics Act,
1940

3.1 Legislative Architecture and Constitutional Basis

The Drugs and Cosmetics Act, 1940 (DCA) enacted under
Entry 19 of List III (Concurrent List) of the Seventh
Schedule to the Constitution of India represents the
primary statute governing the manufacture, sale,
distribution, and quality control of drugs and cosmetics.
The Act confers regulatory powers on the Central Drugs
Standard Control Organisation (CDSCO) under the
Central Government, and on State Drug Authorities
(SDA) under State Governments, creating a dual
regulatory structure with significant horizontal and
vertical coordination challenges.

Constitutional underpinning: The DCA derives
constitutional legitimacy from Articles 246 and 254
(legislative competence), Article 47 (directive principle
mandating improvement of public health), and the
expansive interpretation of Article 21 (right to life) to
encompass the right to health as affirmed in Paschim
Banga Khet Mazdoor Samity v. State of West Bengal
(1996) 4 SCC 37 and Parmanand Katara v. Union of India
AIR 1989 SC 2039.

3.2 Definitional Analysis: 'New Drug' and the ATDDS
Problem

Section 2(b) of the DCA defines 'drug' broadly to
encompass all medicines for internal or external use,
substances affecting the structure or function of the body,
and articles used for diagnosis and treatment. Rule 122E
of the Drugs and Cosmetics Rules, 1945 (DCR)
operationalises the term 'new drug,' covering new
chemical entities, new drug delivery systems, and new
combinations — a definition that in principle captures
ATDDS.

However, three critical definitional lacunae are identified
in the context of ATDDS. First, the DCA provides no
definition or guidance on 'nanotechnology' or
'nanomaterial,’ leaving ATDDS characterisation at the

discretion of case-by-case CDSCO determination,
creating regulatory uncertainty and potential for
regulatory arbitrage. Second, the threshold size or
physicochemical criterion for nano-specific regulatory
treatment is absent. Third, theranostic systems combining
diagnostic and therapeutic functions in a single
nanoplatform may simultaneously attract regulation under
the DCA (as drugs), the Medical Devices Rules, 2017 (as
devices), and potentially the Atomic Energy Act, 1962 (if
radioactive tracers are used), generating multi-regulatory
overlap without a clear primacy provision.

Table 2: Definitional Adequacy Assessment — DCA
1940 for ATDDS

Statuto ATDDS-

ry ” Current Text / Relevant

Provisi | Scope

on

Section = Medicines for = No High

2(b) — | internal/external = nanomaterial

'Drug' use; or

diagnostic/thera | nanocarrier
peutic articles specific

inclusion;
theranostics
unaddressed

Rule NCE, NDDS, No nano- = High

122E — | new specific

'New combinations, classification

Drug' new indications | ; size/surface
criteria
absent

Schedul | General trial | Nano- Critic

e Y — phases; animal @ specific al

Clinical | safety data = toxicology

Trials requirements (ADME,
corona,
accumulation
) not
mandated

Schedul | Manufacturing No nano- ~High

e M — | conditions, QC | GMP

GMP standards provisions;
PAT/QbD
not mandated
for ATDDS
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Statuto

ry Current Text / ATDDS-
.. Relevant
Provisi  Scope
Gap
on
Section = Bans drugs not No nano- Medi
18 —  of standard = specific um
Prohibit | quality, standard of
ion misbranded, quality;
adulterated 'adulteration’
undefined for
nanoformulat
ions
Section | Enables Rule-making | Medi
33N — | subordinate has not been | um
Rule- legislation  on | exercised for
making | manufacture, ATDDS-
sale, quality specific
standards
Section = Import of drugs Imported High
10A — | regulated ATDDS
Import assessed
Control without
nano-specific
technical
criteria
3.3 Schedule Y: Pre-Clinical and Clinical

Requirements for New Drug Approval

Schedule Y to the DCR constitutes the primary technical
instrument governing the data requirements for new drug
applications (NDA) and clinical trial permissions (CTP) in
India. Its pharmaceutical, pharmacological, and
toxicological requirements were designed predominantly
with small-molecule APIs in mind and have not been
formally revised to address
characterisation and safety testing.
Of particular concern are five substantive omissions: (i)
absence of nano-specific ADME (absorption, distribution,
metabolism, excretion) profiling requirements, including
tissue accumulation studies using techniques such as ICP-
MS, TEM, or SPECT; (ii) no requirement for
immunotoxicology testing specific to mnanoparticle-
induced complement activation or macrophage-mediated
inflammatory responses; (iii) absence of bio persistence

nanosystem-specific

and biodegradability assessment protocols for non-
biodegradable carriers (CNTs, quantum dots); (iv) no
requirement for protein corona characterisation and its
impact on targeting efficacy and immunogenicity; and (v)

Systems in India

absence of specific in vitro-in vivo correlation (IVIVC)
criteria adapted for controlled-release nanomedicines.

Figure 1: Critical Gap Severity in Schedule Y
Requirements for ATDDS (Expert Assessment Score
1-10)

Categor

Regulatory Gap Severity Score

ADME 10
Profiling

Corona 10
Character

isation

oxicolog 10
y (NPs)

tence 10
Assessm

ent

IVIVC 10
Criteria

GMP 10
Standard

S

tic 10
Classific

ation

Market 10
Nano-

Surveilla

nce

Figure 1: Gap severity scores based on comparative
regulatory analysis (FDA, EMA, CDSCO). Score of 10 =
complete absence of regulatory provision.
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3.4 Judicial Interpretation and the DCA in the Context
of Novel Therapies

Indian courts have interpreted the DCA purposively in
public health contexts. In Cipla Ltd. v. F. Hoffmann-La
Roche Ltd. (2009) 40 PTC 125 (Del), the Delhi High Court
recognised the therapeutic necessity doctrine in drug
access adjudication. In Pfizer Limited v. Union of India
(2013) the regulatory authority's power to require
enhanced safety data before approving novel formulations
was affirmed, establishing a principle of precautionary
regulatory deference that is directly applicable to ATDDS.
The Supreme Court in State of Punjab v. Ram Lubhaya
Bagga (1998) 4 SCC 117 read Article 21 to include a state
obligation to ensure availability of safe and efficacious
drugs. Extrapolating from this principle, courts could
potentially mandate enhanced regulatory scrutiny for
ATDDS under the precautionary principle as part of the
constitutional health-protective mandate a basis that
future public interest litigation challenging inadequate
ATDDS regulation might invoke.

4. Critical Analysis: New Drugs and Clinical Trials
Rules, 2019

4.1 Structural Overview and Modernisation Agenda
The New Drugs and Clinical Trials Rules, 2019 (NDCTR)
notified in March 2019 under the DCA consolidated and
replaced the fragmented clinical trials framework
previously embedded in Schedule Y and assorted CDSCO
guidances. The NDCTR represents a significant structural
modernisation: it introduced a 30-day deemed approval
mechanism for first-in-human (FIH) studies of globally
investigated molecules; established the Ethics Committee
(EC) registration and accreditation system; created waiver
provisions for academic clinical trials; and introduced
provisions for academic/investigator-initiated trials. The
NDCTR must be analysed against ATDDS requirements
across four critical dimensions.

4.2 Definition of 'New Drug' Under the NDCTR

Rule 2(s) of the NDCTR defines 'new drug' to include new
chemical entities, new biological entities, new vaccines,
new recombinant DNA-derived products, and 'any new
drug delivery system.' The phrase mew drug delivery
system' (NDDS) is pivotal for ATDDS regulation but
remains undefined in the Rules. CDSCO operational
guidance applies this to reformulations of approved APIs
in novel delivery platforms, but the specific nano-
dimensionality or particle-engineering aspects that
distinguish ATDDS from conventional NDDS are not
addressed. This creates a definitional void that allows
manufacturers to avoid nano-specific scrutiny by

characterising ATDDS as standard NDDS subject to
merely conventional data requirements.

4.3 Clinical Trial Phases
Provisions

The NDCTR maintains the four-phase clinical trial
structure (Phase I-1V) consistent with ICH E8 guidelines.
Rules 68 specify data requirements for CTP applications:
Phase I requires pharmacology, single-dose toxicity, and
14-day repeat-dose toxicity in two species; Phase II
requires multi-dose toxicity of 90 days and genotoxicity.
These requirements, while broadly adequate for small
molecules, present three specific inadequacies for
ATDDS.

e Phase [ requirements do not include nano-

and ATDDS-Specific

specific single-dose biodistribution studies using
quantitative tissue analysis techniques (e.g., ICP-
MS for metallic nanoparticles, fluorescence
imaging for labelled systems).

e Phase II requirements do not mandate
immunotoxicology  panels specific to
nanoparticle-induced innate immune activation,
including complement activation (CARPA —
complement activation-related pseudoallergy)
screening.

e The 90-day toxicity requirement, while meeting
ICH M3(R2) minimum standards, does not
require chronic accumulation studies essential for

biopersistent  nanomaterials  (e.g., CNTs,
inorganic nanoparticles).
Table 3: NDCTR 2019 — Phase-wise Data

Requirements vs. ATDDS Scientific Needs

Current Adequa
NDCTR ATDD,S cy
. Scientific
Requiremen . Assessm
Requirement
t ent
Phase I = Pharmacolog = Nano-ADME; | Insuffici
(FIH) y, single-dose = biodistributio | ent
toxicity, 14- n by
day  repeat quantitative
dose (2 | tissue
species), analysis;
pharmacokin | nano-PK
etics modelling;
CARPA
screening;

protein corona
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Phase
11

Phase
111

Phase
v
(PMS)

Acade
mic
Trials

Current
NDCTR

Requiremen
t

90-day multi-
dose toxicity;
genotoxicity;
pharmacokin
etics; dose
ranging

Adequate
sample
GCP
compliance;
Ethics
Committee
oversight;
primary
endpoint
definition

size;

Periodic
Safety
Update
Reports
(PSURs);
spontaneous
adverse event
reporting

Ethics
registration
waiver;

ATDDS
Scientific
Requirement

characterisatio
n

Immunotoxic
ology panel
(NP-specific);
nanoparticle
accumulation
kinetics; long-
term
biopersistence
study;
IVIVC
validation

nano-

Nano-specific
biomarker
endpoints;
subgroup
analysis by
metabolic
phenotype;
real-time
release testing
integration;
nano-
pharmacovigil
ance plan

Nano-specific
post-market
surveillance;
long-term
accumulation
monitoring;
patient
registry  for
nano-drug
exposure;
occupational
exposure
monitoring

Nano-
academic

trials need

Adequa
cy
Assessm
ent

Insuffici
ent

Partially
Adequat
€

Inadequa
te

Potential

ly
Unsafe

Systems in India

Current Adequa
NDCTR ATDD,S cy
] Scientific
Requiremen . Assessm
Requirement
t ent
simplified enhanced
CTP; oversight, not
regulatory relaxed — risk
oversight of under-
reduced regulated

nano-
exposure  in
academic
settings

4.4 Ethics Committee Framework Under NDCTR and
ATDDS Informed Consent

Chapter III of the NDCTR establishes a comprehensive
Ethics Committee (EC) framework mandatory EC
registration, composition standards (minimum 7 members
including patient advocate and legal expert), SOP
requirements, and audio-visual documentation of
informed consent. For ATDDS trials, the adequacy of
informed consent processes raises distinctive ethical and
legal questions.

The concept of 'reasonable patient standard' in informed
consent adopted from Canterbury v. Spence (1972) in
Indian medical law through Spring Meadows Hospital v.
Harjol Ahluwalia (1998) requires disclosure of material
risks that a reasonable patient would consider significant.
For ATDDS, the risks of nanoparticle accumulation in off-
target potential long-term  biopersistence,
unknown protein corona-induced immunological changes,

organs,

and occupational exposure risks to trial site personnel
constitute material risks that current informed consent
templates (CDSCO Model Forms, Appendix VI) do not
adequately address.

4.5 Deemed Approval and the ATDDS Safety Paradox
Rule 9 of the NDCTR provides for deemed approval of
applications for Phase II and III trials for new drugs
approved in specified reference countries (US, EU, Japan,
Australia, Canada) if no decision is communicated within
30 working days. This provision designed to reduce
clinical trial delays creates a safety paradox for ATDDS.
Many ATDDS candidates are approved or in advanced
trials in reference jurisdictions without nano-specific
safety requirements that India might independently
require, given its unique pharmacogenomic population
profile. The automatic deemed approval mechanism may
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thus short-circuit nano-specific safety review critical for
Indian patient populations.

5. Analysis of CDSCO Guidelines for Advanced Drug
Delivery

5.1 Institutional Architecture of CDSCO

The Central Drugs Standard Control Organisation
functions as India's national regulatory authority for drugs,
cosmetics, diagnostics, and medical devices, headed by
the Drug Controller General of India (DCGI). CDSCO
operates through a network of zonal offices, sub-zonal
offices, and port offices. For new drugs and clinical trials,
the Central Licencing Authority (CLA) vested in the
DCGI exercises primary approval jurisdiction. CDSCO's
technical advisory committees including the New Drugs
Advisory Committee (NDAC) and the Technical Advisory
Board (TAB) provide expert scientific review.

A critical institutional limitation for ATDDS regulation is
the absence of a dedicated nanotechnology or advanced
drug delivery division within CDSCO. Expert review of
ATDDS applications is conducted by NDAC panels
constituted on an ad-hoc basis, without standardised nano-
pharmacology expertise requirements for members. This
contrasts with the US FDA's Nanotechnology Regulatory
Science Program and the EMA's Innovation Task Force,
both of which provide dedicated nano-regulatory guidance
and pre-submission scientific advice.

5.2 Existing CDSCO Guidance on Novel Formulations
CDSCO has issued several guidance documents relevant
to ATDDS, though none specifically address
nanotechnology-based delivery systems. Key guidance
instruments include: (i) Guidelines on Submission of
Clinical Trial Application for Approval (2019); (ii)
Guidance for Bioavailability and Bioequivalence Studies
(2005, partially revised 2017); (iii) Requirements for
Permission of New Drugs (2004); and (iv) Guidance for
Industry: Fixed Dose Combinations (2018). The absence
of nano-specific guidance is a critical regulatory
deficiency documented by the Indian Council of Medical
Research (ICMR) Expert Group in its 2012 National
Regulatory Guidelines for Nanotechnology-Based Drugs
and related deliberations.

Table 4: CDSCO Guidelines — Applicability Audit for
ATDDS

Guidance
Documen
t

Guideline
s on CTA
Submissio
n

BA/BE
Guideline
S

New
Drugs
Requirem
ents

Biological
Products
Guideline
S

Year

2019

2005/
2017

2004

2012/
2019

ATDD
Subject | S

Matter | Applic
ability

Clinical | Partial
trial

applicat

ion

format

and data

require

ments

Bioavail = Low
ability

and

bioequi

valence

testing

Data Partial
require

ments

for new

drug

permissi

on

Biologi | Partial

cs, for
biosimil = ADCs/
ars gene

regulati | therapy
on

Specific
Limitati
on for
ATDDS

No nano-
character
isation
data
module;
no nano-
toxicolo
gy data
requirem
ents

Plasma
concentr
ation-
based PK
metrics
inadequa
te for
nano-
IVIVC;
tissue
accumul
ation not

addresse
d

Pre-dates
nanotech
nology
emergen
ce; no
physicoc
hemical
nano-
character
isation
requirem
ents

ADC
classifica
tion as
biologic
vs. small
molecule
conteste
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Guidance
Documen Year

t

Medical 2017
Devices
Rules

Pharmaco @ 2015

vigilance
Guideline

S

ICMR 2012/
Nano Draft

Guideline | 2019
S

Subject
Matter

Medical
device
regulati
on

Adverse
drug
reaction
monitor
ing

Nanome
dicine
safety
guidanc
€

ATDD | Specific
S Limitati
Applic | on for
ability | ATDDS

d; gene
vector
nano-
carrier
not
addresse
d

Margin | Theranos

al tic NP
overlap
with
drug
unresolv
ed; no
dual-use
classifica
tion
pathway

Partial No nano-
drug
specific
AE
reporting
categorie
S; nano-
signal
detection
not
addresse
d

Direct | Not

but legally

advisor | binding;

yonly | not
incorpor
ated into
NDCTR
or DCR;
capacity
impleme
ntation
absent

Systems in India

5.3 The ICMR 2012 Nano-Drug Guidelines: Status and
Deficiencies

The Indian Council of Medical Research, in collaboration
with the Department of Biotechnology (DBT), published
non-binding guidelines on the safety evaluation of
nanomedicine in 2012 and updated draft guidance
thereafter. These guidelines recommended
physicochemical characterisation profiles for
nanoparticles, nano-specific in vivo toxicology studies,
and risk communication frameworks. However, since
these guidelines are advisory and have not been
incorporated into Schedule Y, the DCR, or the NDCTR
through formal rule-making, they carry no mandatory
legal force. This status a perpetual guidance limbo is
legally and practically untenable for a class of products
posing novel safety risks.

6. Comparative Regulatory Analysis

6.1 FDA (United States) Framework for Nanomedicine
The US Food and Drug Administration has progressively
developed a sophisticated regulatory architecture for
nanomedicine. The 2014 FDA Guidance on Considering
Whether an FDA-Regulated Product Involves the
Application of Nanotechnology and the 2017 Use of
International Standard ISO 22412:2017 on Particle Size
Analysis guidance, supplemented by drug product and
biologic-specific nano-guidance, establish a
comprehensive physicochemical characterisation
framework. The FDA's Nanotechnology Regulatory
Science Research Plan (2017-2021) institutionalised
long-term investment in regulatory science capacity for
nanomedicines. The FDA guidance on liposome drug
products (2018) and polymer nanoparticle drug products
(draft 2017) provide product-class-specific requirements
directly relevant to ATDDS.

6.2 EMA (European Union) Regulatory Approach
The European Medicines Agency has developed the
Reflection Papers series including the Reflection Paper on
Nanotechnology-Based Medicinal Products for Human
Use (2006), the Reflection Paper on Surface Coatings
(2013), and the Reflection Paper on Block-copolymer
Micelles (2014)  alongside the Joint MHLW/EMA
Reflection Paper on Nanoparticles (2013). The EMA's
Committee for Human Medicinal Products (CHMP) and
the Committee for Advanced Therapies (CAT) provide
dual oversight mechanisms for ATDDS that bridge the
drug-device-therapy continuum. The EMA Innovation
Task Force provides structured pre-submission scientific
advice specifically for nano-products.

Table 5: Comparative Regulatory Framework — India
vs. Major Jurisdictions on ATDDS
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(FD %
A)

Figure 2: Regulatory readiness composite index based on
12 regulatory dimensions. India scores significantly below
comparator jurisdictions, particularly on definitional
clarity and institutional capacity.

7. Critical Regulatory Gaps and Systemic Failures

7.1  Definitional Vacuum: The Regulatory
Classification Problem

The most foundational regulatory failure is the definitional
vacuum. Without a statutory or regulatory definition of
'nanomedicine,’ 'mnanoparticle-based drug,' or 'advanced
targeted drug delivery system,' the classification of any
given ATDDS product depends entirely on the applicant's
characterisation and CDSCO's case-by-case
determination. This creates five adverse consequences: (i)
regulatory arbitrage, where manufacturers choose the least
burdensome  classification path;  (ii)
regulatory treatment of similar products; (iii) absence of
legally enforceable nano-specific technical standards; (iv)

inconsistent

impaired judicial review, since courts cannot evaluate
regulatory adequacy without defined legal standards; and
(v) industry uncertainty impeding investment in ATDDS
development.

7.2 Institutional Capacity Deficit

CDSCO's scientific staff capacity is structurally
inadequate for the complexity of ATDDS review. A 2022
Parliamentary Standing Committee on Health and Family
Welfare report noted persistent understaffing at CDSCO,
with reviewer-to-application ratios far below international
benchmarks. The absence of nano-pharmacology, surface
chemistry, and nano-toxicology expertise in CDSCO's
permanent scientific establishment means that ATDDS
applications are reviewed by generalist drug reviewers
without the specialised knowledge required to evaluate,
for instance, DLS particle size characterisation data, zeta
potential stability profiles, or complement activation assay
results.

7.3 Post-Market Surveillance Deficiency

The Indian pharmacovigilance system anchored in the
Pharmacovigilance Programme of India (PvPI) operated
by the Indian Pharmacopoeia Commission lacks nano-
drug specific adverse event reporting categories, signal
detection algorithms, and patient registry infrastructure for
long-term accumulation monitoring. For ATDDS, where
delayed adverse effects from tissue accumulation,
biopersistence, or immune activation may manifest years
after administration, the current PvPI framework based on
spontaneous reporting is manifestly insufficient. The

biodistribution

‘ andatory post-market
irements for approved nanomedicines

represents a critical public health protection failure.

Figure 3: Regulatory Gap Impact Matrix — ATDDS
Clinical Translation in India
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8.2 Institutional Reforms: Creating a Nano-Regulatory
Division in CDSCO

A dedicated Advanced Therapeutics and Nanotechnology
Division (ATND) within CDSCO should be established by
administrative order under the Ministry of Health and
Family Welfare. The ATND should be staffed with nano-
pharmacologists, surface chemists, nano-toxicologists,
biomedical engineers, and regulatory scientists. The
ATND should operate a pre-submission scientific advice
programme analogous to the EMA Innovation Task Force,
providing structured engagement with ATDDS developers
before formal application. A nano-therapeutic expert
committee under Rule 101 of the DCR should be
constituted with rotating membership from ICMR, DBT,

Systems in India

CSIR laboratories, and academic nanomedicine centres,
ensuring continuous scientific advisory capacity.

8.3 Reforming the Deemed Approval Mechanism for
ATDDS

Rule 9 of the NDCTR should be amended to exclude
ATDDS applications from the deemed approval
mechanism unless the applicant has submitted nano-
specific bridging data for Indian patient populations,
including: (i) bridging nano-PK data establishing that
nano-ADME profiles are not materially different between
the studied foreign  population and Indian
pharmacogenomic groups; (ii) demonstration that
immunological nano-specific risks (CARPA, macrophage
activation) have been characterised in relevant human cell
assays; and (iii) a CDSCO nano-specific data package
review certification. This amendment protects Indian
clinical trial participants from exposure to ATDDS whose
nano-safety profiles have not been validated for Indian
populations.

8.4 Nano-Pharmacovigilance System Architecture

A dedicated Nano-Pharmacovigilance Programme (Nano-
PvPI) should be established as a sub-programme of the
existing PvPI, with the following structural components:
(1) nano-drug specific MedDRA coding extensions for
adverse event reporting; (ii) mandatory long-term patient
follow-up registries for clinical trial participants receiving
non-biodegradable ATDDS; (iii) periodic biodistribution
monitoring requirements in approved post-market
surveillance plans for parenteral ATDDS; and (iv) an
occupational health monitoring system for healthcare
workers and clinical trial site personnel exposed to
ATDDS in preparation and administration.

8.5 Combination Product Regulatory Pathway

India urgently requires a combination product regulatory
pathway for theranostic nanoparticles. Amendments to
both the DCA and the Medical Devices Rules, 2017
should establish: (i) a Combination Product Review
Committee jointly constituted between CDSCO Drug
Division and CDSCO Medical Device Division; (ii) a
primary mode of action determination protocol for
assigning regulatory lead jurisdiction; (iii) cross-
referenced technical requirements ensuring safety data
comprehensiveness without redundant duplicative testing;
and (iv) a single, integrated approval certificate for
combination theranostic products.

Table 7: Consolidated Reform Roadmap — Priority,
Timeline, and Responsible Agencies
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9. Constitutional Imperatives and Human Rights
Dimensions

The regulation of ATDDS is not merely a matter of
technical pharmaceutical law it is a constitutional
imperative grounded in the fundamental right to life and
health under Article 21. The Supreme Court in Consumer
Education and Research Centre v. Union of India (1995) 3
SCC 42 explicitly recognised that Article 21 encompasses
the right to health, including protection from hazardous
drugs and substances. Applied to the ATDDS context, the
constitutional obligation of the State under Article 21, read
with Article 47 (state duty to raise the level of nutrition
and standard of living and to improve public health),
generates a positive duty to establish adequate regulatory
mechanisms for novel pharmaceutical technologies that
pose novel health risks.

The precautionary principle now well-established in
Indian environmental law through Vellore Citizens
Welfare Forum v. Union of India (1996) 5 SCC 647 and
more recently in Arjun Gopal v. Union of India (2017) is
directly applicable to ATDDS regulation. In the absence
of complete scientific certainty regarding long-term nano-
material health effects, the precautionary principle
mandates that regulatory requirement be set at levels
sufficient to protect public health, with the burden on the
industry to demonstrate safety rather than on regulators to
demonstrate harm.

The right of clinical trial participants to informed consent
of material risks, as a dimension of their right to personal
liberty and bodily autonomy under Article 21, requires that
NDCTR consent provisions be specifically reformed to
ensure disclosure of nano-specific risks including risks
not yet fully characterised with linguistically and
educationally appropriate communication in
participants' native languages.

trial

10. Conclusion

This doctrinal and critical analysis demonstrates that
India's existing pharmaceutical regulatory framework the
Drugs and Cosmetics Act 1940, the New Drugs and
Clinical Trials Rules 2019, and CDSCO guidelines is
materially inadequate for the safe clinical translation of
Advanced Targeted Drug Delivery Systems. The
inadequacies are structural, definitional, institutional, and
procedural in nature, and they operate cumulatively to
create a regulatory environment in which ATDDS
candidates may proceed through clinical development and
into post-market use without comprehensive nano-specific
safety evaluation.

The analysis establishes seven foundational reform
imperatives: a statutory definitional framework for
nanomedicines; nano-specific  clinical data
requirements across all phases; a dedicated institutional
capacity within CDSCO; reform of the deemed approval
combination product pathway for

trial

mechanism; a
theranostics; a nano-pharmacovigilance programme; and
constitutionally-compliant informed consent reform.
These reforms are not merely desirable from a policy
perspective they are arguably constitutionally mandated
under Articles 21 and 47.

India's ambition to become a global hub for next-
generation pharmaceutical innovation and clinical
research can only be realised if its regulatory architecture
commands international scientific credibility and provides
robust patient protection. The gap between India's ATDDS
research capacity and its regulatory readiness must
urgently be closed not through bureaucratic expansion
alone, but through a principled, scientifically calibrated
regulatory modernisation that honours both therapeutic
innovation and the constitutional right to health of every
Indian citizen who may ultimately depend on these
transformative medicines.
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