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The rapid advancement in science with 
interdisciplinary collaboration is transforming our 
lives. Progress in science is changing innovation 
ecosystem. Discovery in basic sciences can be enabled 
to provide a need-based solution with high translational 
potential. New ideas are leading to incremental as well 
as disruptive innovations. The emerging technologies 
are creating novel products for informatics, 
communication, transport, energy, textile, agriculture, 
food, health care and other sectors. One of the classical 
examples of a disruptive innovation in transport sector 
is the driverless vehicle developed on the basis of 
collaboration among engineering, communication 
and artificial intelligence1. Similarly, in health sector, 
precision medicine with molecular targeting, minimally 
invasive procedures with imaging, regenerative 
medicine, nanomedicine and point-of-care devices 
with nano-bio sensors are replacing the conventional 
medical practices2. In cancer nanomedicine, the toxic 
chemotherapeutic drugs can be targeted to cancer cells, 
sparing the normal cells, resulting in better efficacy 
and significant reduction of toxicity3. Recently, tissue 
nano transfection technology has been introduced in 
the field of regenerative medicine which can reprogram 
the differentiation of one cell type to another by 
topical delivery of anti-sense oligonucleotides through 
skin with nano-electroporation4. These advanced 
technology-based products need new modalities 
for assessment of their quality, safety, efficacy and 
performance (QSEP) attributes. As these products 
are the results of advanced interdisciplinary research, 
their evaluation should be done according to the 
science pathway involved in the innovation process. 
Academicians and scientists from different fields need 
to work with the regulators to assess these products. 
The scientists working in this domain validating QSEP 
attributes of these novel products form emerging 
technologies can lead to development of the new 
discipline of ‘Regulatory Science’. There is an urgent 

need to develop this discipline to bridge the gap between 
scientific understanding and regulatory need for a 
product3,5. The present article explores the international 
progress in regulatory science and compares with the 
current Indian status. Capacity building in this area 
will help the regulator and policy maker to embrace 
the new technologies with higher economic benefit, 
reducing the time for translating fundamental science 
with proof of concept in the laboratory to application 
in clinical medicine, strengthening evidence-based 
regulatory practice.

Defining regulatory science

The US Food and Drug Administration (FDA) 
has defined regulatory science5 as ‘the science of 
developing new tools, standards and approaches 
to assess the safety, efficacy, quality, performance 
of all FDA-regulated products’. A more inclusive 
and simple definition of regulatory science may 
be, the science for understanding and study of 
regulation required to bring a product to market. 
The regulatory science should be a multidimensional 
multidisciplinary field which can protect the 
consumers’ interest as well as help to define the 
regulatory pathway. Success in developing this new 
field will depend on continuous collaboration among 
academia, industry and regulators along with legal, 
social as well as economic inputs empowering the 
innovation ecosystem in India. The concept of this 
interactive field is shown in Figure 1.

Applications of regulatory science 

The rapid advances in molecular biology, genomics, 
transcriptomics, proteomics and metabolomics are 
leading to ‘Omics integrative approach’ for diagnosis 
and identification of molecular targets for therapy 
as part of precision medicine6. This practice can 
be further strengthened by bioinformatics, big data 
analysis and artificial intelligence7. The diagnostic 
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tests and therapeutic products emerging through such 
a complex pathway can pose a greater regulatory 
challenge. So, understanding the gaps in the areas of 
standardization of such a complex test, pre-clinical 
assessment procedure, reviewing clinical utility 
and validity as well as post-marketing surveillance 
need regulatory science/research input8. Though the 
challenges are great, these gaps in knowledge and 
understanding can be bridged by development of 
goal-oriented collaboration among academia, industry 
and regulators9. The academic medical centres can 
be developed in India with commitment for Good 
Laboratory Practice and Good Clinical Practice with 
quality-enabled ‘Biobank Facilities’. The large patient 
population in India can be utilized as a huge clinical 
and biological resource following ethical guidelines, 
empowering translational research and product 
development. Although complete harmonization of 
all biobanks in India may not be possible, initiative 
may be taken to develop few major biobanks in 
different parts of India with well-documented uniform 
quality-controlled processes of sample collection, 
processing, analysis and preservation8. The Genomics 
for Understanding Rare Diseases: India Alliance 
Network (GUaRDIAN) is a good example of the effort 
of academic institutions in research with translational 
capability in molecular diagnosis10. However, more 
such collaborations are needed for developing novel, 
commercially viable, affordable molecular diagnostics 
with regulatory approval.

Currently, on an average, it takes about 12 
years with an expenditure of approximately US$ 

2.6 billion for R&D (Research & Development) and 
getting regulatory approval for a new medicine11. 
The regulatory science approach can reduce the 
time and expenditure for new drug development12. 
With similar aim, the USFDA in 2011  created the 
division of Applied Regulatory Science under the 
Center for Drug Evaluation and Research (CDER). 
This division is actively working with experts from 
multiple disciplines for scientific evaluation and 
validation of all modalities of translational research 
which include in vitro and in vivo experiments, in 
silico computational modelling and informatics, 
clinical research, experimental medicine and post-
market analysis. This regulatory science approach 
has helped CDER for better regulatory enforcement 
with less time with development of new regulatory 
assessment tools in the areas of clinical pharmacology 
and chemical and biomedical informatics13. An 
important example of the strength of translational 
research is the rapid development of more than 
90 vaccine candidates for the current worldwide 
pandemic of COVID-19 (SARS-CoV2) in five months 
after the onset of infection14. There was an urgent need 
for vaccine against this highly contagious infection 
causing pandemic like SARS-CoV2, as there is no 
specific therapeutic drug available. The different steps 
for making of a successful vaccine candidate include 
developing global regulatory science agenda for a 
vaccine with exchange of data, previous experience, 
experimental and bioinformatic tools and capability of 
validation of new technologies such as nanoadjuvants15.

Another potential application of regulatory 
science is in the medical device development which 
can transform the current healthcare practices in India 
as well as other developing countries. The Ayushman 
Bharat Pradhan Mantri Jan Arogya Yojana and the 
path to universal health coverage in India16 will be 
most successful if low-cost, high-efficiency diagnostic 
devices with novel technologies can be developed 
indigenously with QSEP attributes comparable to 
international standards with regulatory approval. The 
schematic pathway explaining the scope of regulatory 
science intervention for the development of medical 
devices with complex multidisciplinary technologies  
integrating  hardware and software is shown in Fig. 2. 
The USFDA has created the Center for Devices and 
Radiological Health with a strong interdisciplinary 
regulatory science framework which looks after seven 
priority areas including, (i) advancing innovation of 
medical devices and evaluation of new and emerging 
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Fig. 1. Schematic representation of the multidimensional approach 
for establishing regulatory science in India.
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technologies, (ii) improvement of device quality and 
manufacturing process, (iii) analysis of medical device 
performance, (iv) enhancement of medical device 
safety, (v) development of novel ways to use clinical 
data for evaluating medical devices, (vi) improving 
technology to protect against emerging infectious 
diseases and terrorism, and (vii) improvement of health 
of pediatric and other special populations17. India has 
a large number of start-up companies and innovators 
who are working on the development of novel medical 
devices with diverse functionalities and applications. 
Regulatory science input can help them to reduce their 
development time in different steps as mentioned in 
Fig. 2. There are many reputed basic, engineering 
and medical science institutions in India with good 
research infrastructure, which can be harnessed in 
collaborative networks along with a regulatory agency 
and industry with specific goal like the USFDA. 
This will strengthen the initiative of Department of 
Health Research, Government of India, which has 
set up a health technology assessment body, ‘Health 
Technology Assessment in India’ (https://dhr.gov.
in/health-technology-assessment-india-htain). The 
networking groups can be formed in some of the 
specific areas such as device designing and assessment 
of performance using computer modelling, safety and 
reproducibility of nanotechnology interventions in 
devices, safety of endoscopic and minimally invasive 
devices for various interventions, accuracy of next 
generation sequencing-based tests for clinical practice, 
safety and reproducibility of imaging instruments 
and reliability of ‘smart’ implants/devices and other 
necessary domains. 

Regulating nanotechnology-based products is a 
huge challenge all over the world. A large segment 

of nanomedicine/nanopharmaceutical products in 
the market are for cancer management3. Although 
there is a significant advantage of nanotechnology 
intervention for targeted therapy, imaging as 
well as a combination of both (theragnosis), the 
complexity of nano-bio interaction; characterization 
of nanoparticles and safety, efficacy and 
reproducibility issues need in-depth studies as well 
as development of alternative test strategies3,17. 
Nanotechnology is also being used in agriculture, 
food, nutraceuticals and food packaging, Nano-
agri products are being developed for fertiliser, 
pesticide, seed coating, diagnostic and sensing 
applications. Recently, the Indian safety guideline 
for nanopharmaceuticals has been developed18 and 
a similar safety guideline for Nano-agri products 
has also been developed. Considering the huge 
scope of innovation and commercialization of 
nanotechnology-based products, development of 
nano-specific regulatory science infrastructure in 
India will be helpful not only for ensuring safety of 
the consumers, but also for prevention of possible 
environmental contamination and ecotoxicity. One 
relevant example is the wide application of silver 
nanoparticle (AgNP) as a potent antimicrobial 
agent in diverse products for wound care, 
personal protection equipment, disinfectants, food 
packaging, textile and others. However, there 
is no uniform international regulatory guideline 
for AgNP-based products, though the danger of 
environmental contamination with ecotoxicity 
has been mentioned by most of the regulatory 
agencies19.

Pharmacovigilance (PV) and post-marketing 
surveillance is one of the most important tools for 
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Fig. 2. Flow diagram of proposed regulatory science path for assessment of new generation of novel medical devices/tools.
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ensuring safety of the drugs as well as devices. The 
USA and Europe have developed a robust PV system 
with continuous upgrading with introduction of data 
analytics and communication technologies as a part 
of regulatory science intervention5,11,13,17,20. India 
being one of the largest producers of pharmaceuticals 
in the world and a major hub of clinical research 
needs to strengthen this area20. With the availability 
of good communication systems and a wide use 
of mobile phones by citizens, the possibility of 
utilizing mHealth (mobile health) and big-data 
integration may be considered for PV purpose, 
maintaining all ethical guidelines for data handling 
and sharing21.

Human resource development for regulatory 
science

The most important step for establishing 
regulatory science in India will be the plan for 
generating specialized ‘Human Resources’ who can 
modify, validate and improve each stage of drug 
and device development according to the regulatory 
need17,22,23. Resource persons from different basic 
science backgrounds and professional specialities 
such as medicine, pharmacy, engineering, agriculture, 
law, information technology, economics, statistics, 
etc. who can be trained to develop different domain-
specific expertise and skills in a competency-
based education system should be identified24. The 
candidates can be trained with interdisciplinary 
complementary major and minor course modules 
to develop knowledge and competency to explore 
regulatory issues for different kinds of products17. The 
training should include latest trend in regulation and 
quality policies in domestic and global scenarios25. 
Few examples of the important training areas are 
‘quality systems and statistical process control’, 
‘quality assurance for drugs and biologicals’, ‘quality 
assurance in medical devices and combination 
products’, ‘regulatory need for medical diagnostics, 
devices and imaging’, ‘regulation for food and dietary 
supplements’, ‘medical products and law’, ‘planning 
and management of preclinical and clinical trials’ 
and ‘regulatory need for agriculture products’. The 
courses should be designed with active collaboration 
among academia, industry and regulatory bodies 
and critically monitored by the agency looking 
after such regulatory policies in India. A stringent 
quality control of such courses is essential for 
preparing and training human resources who can 
enhance our capability for commercialization of 

emerging technology-based products. Considering 
the dynamism of the innovation and complexity of 
products, the course should also be remodelled and 
redesigned from time to time. The doctoral courses 
may be designed to address futuristic regulatory 
challenges such as animal sparing technology 
or assay development for safety assessment of 
non-biologic-complex-drug, etc. In India, few 
universities impart courses and teaching modules in 
regulatory affairs, regulatory toxicology and clinical 
research, which may not be adequate for developing 
comprehensive competency in regulatory science as 
mentioned earlier.

Career prospect in regulatory science 

The trained experts in regulatory science from 
different disciplines with new knowledge and skills for 
assessment of QSEP may have great career prospects 
in industries, regulatory bodies and various ecosystems 
for innovation, product development, marketing and 
post-marketing surveillance. These experts are likely 
to be in great demand in India and globally depending 
on their training and area of expertise. They can be 
instrumental in developing new regulation and policy 
to introduce new technology-based products in the 
market.

Need for regulatory science in the Indian context

The economic progress of India depends on its 
strength of innovation and development of novel 
products or technologies in different areas. Indian 
researchers and innovators are successful in generating 
leads with proof of concept at laboratory level. 
However, the major bottleneck to translate such 
research to products for commercialization is the lack 
critical implementation of regulatory guideline or 
generation of validated data and information needed 
for the approval procedure (Table). To generate the 
data for QSEP attributes for novel technology-based 
products, new drugs and devices, trained competent 
workforce is needed. Regulatory science is not only 
important for the industry or regulatory bodies, but it 
is also equally beneficial for the consumers, protecting 
their safety and ensuring quality and efficacy of the 
products. With the development of regulatory science, 
India can achieve a significant capability to regulate 
the new generation of high-quality, cost-effective 
innovation-based products with a greater social and 
economic impact. Thus, regulatory science can be a 
game changer, empowering Indian innovation with 
global recognition.
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