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ds D&C Rules to revise

that the manufacturing plant
should have the receiving and
storing space for packaging
material along with the existing
norms on the raw material. It
also revises the general require-
ment for the manufacturing
plant, induding the location
and surroundings, buildings,
water supply, disposal of waste
and effluent, deaning of con-
tainers, storage area including
the requirement for raw mate-
rial, packaging, and finished
goods storage.

It also specifies the qual-
ity standards for the work-
ing space, health clothing,
sanitation and hygiene and
medical services for workers,
standards on machinery and
equipment, with emphasis
on documentation of each of
the process and record keep-
ing procedures. It elaborates
on the standards for batch
manufacturing records, dis-
tribution records, detailed
requirements for  quality
control, trammg and internal

s for ASU, Homoeo drugs

audits, among others. It also
substitutes the existing provi-
sions with revised standards
on manufacturing process,
and product quality control
including product recalls.
"The amendments made to
this Schedule by the Drugs
(Eleventh Amendment) Rules,
2026 shall be complied ‘within
such time, not later than the
31st day of July, 2029," said the
Ministry's notification.
Revision has also been
made to Schedule M-I of the
Drugs Rules, which specifies
the GMP for Homoeopathic
drugs. Amendment revised
various provisions under the
general requirement includ-
ing the building, rooms, wa-
ter, disposal of waste, medi-
cal services, safety measures,
among other specifications.
Rules related to plant and
equipment incuding quality
control division and raw ma-
terials, among others has also
been revised and updated with
the latest speuﬁcat:on& *

document on MDSW

net-of-things, and data analytics
using Al, which are covered un-
der the definition of MDSW.

For instance, a digital platform,
using Intemet-of-Things (IoT),
and intended for use in con-
junction with connected devices
(like smart glucometers) to track
chronic conditions such as dia-
betes, cardiovascular conditions,
etc., to offer real-time Al-driven
data analytics and interventions
to mitigate acute health epi-
sodes, and a behaviour-change
and digital therapeutics plat-
form intended to mitigate the
progression of chronic diseases
such as type 2 diabetes, hyper-
tension, etc. through remote
coaching and digital tracking,
would be covered under the
MDR, 2017, it says.

However, software such as
for Enterprise resource plan-
ning (ERP), used in the design,
testing, component acceptance,
manufacturing, labelling, pack-
aging, distribution, complaint
handling, or to automate any

other aspect of a medical device
quality system are not to be con-
sidered as MDSW.

The firms should refer to the
risk-based dassification list pub-
lished by the CDSCO to follow
particular requirements, and if
the particular software is not listed
in the list, the company should
submit an application with the
CDSCO MD online portal for ob-
taining the risk dass of the device.

The final document also ex-
pands significantly on the qual-
ity management system (QMS)
requirements  for medical de-
vice software, elaborating that
an MDSW QMS should ensure
that the software is developed
consistently, risks are controlled,
changes are traceable, validation
is documented, defects are man-
aged, cyberseaurity is maintained,
and patient safety is protected.
The QMS expectation is primar-
ily based on IS/ IEC 62304 (soft-
ware lifecydle), IS/1SO 14971 (risk
management), and ISTEC 82304-1
(health software safety). *
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Focus shifts from generics to innovation-led growth

Dr Sanjay Agrawal

HE Indian pharmaceuti-
cal industry has emerged
as one of the world's
most influential health-
care sectors, earning global rec-
ognition as the “Pharmacy of
the World.” India supplies over
20 per cent of the world's ge-
neric medicines by volume and
plays a crucial role in ensuring
affordable healthcare across de-
veloped and developing nations.

While the industry initially
built its reputation on manu-
facturing high-quality, cost-
effective generic drugs, the
focus is now gradually shifting
towards research and develop-
ment (R&D), innovation, and
value-driven  pharmaceutical
solutions.

R&D has become the comer-
stone of the next phase of India's
pharmaceutical growth. With
increasing global competition,
evolving disease patterns, ris-
ing healthcare demands, and
advancements in biotechnology,
Indian pharmaceutical compa-
nies are investing significantly
in scientific research, novel drug
discovery, biosimilars, vaccines,
spediality medicines, and digital
healthcare technologies.

care technologies. It involves
multidisciplinary scientific ef-
forts spanning chemistry, biol-
ogy, pharmacology, biotech-
nology, data sdence, dinical
research, and latory science.

The pharmaceutical R&D life-
cycle is a structured, multi-stage
process that begins with basic
scientific research to understand
diseases and identify potential
therapeutic approaches. This is
followed by drug target identifi-
cation, where specific biological
targets associated with a disease
are selected, and lead molecule
discovery, during which prom-
ising compounds are identified
and optimized.

Once suitable candidates are
found, they undergo pre-clinical
studies to evaluate their safety
and efficacy in laboratory and
animal models. Successful can-
didates then progress through
clinical trials (Phases HV), where
they are tested in humans to as-
sess safety, effectiveness, dosage,
and long-term outcomes.

After demonstrating fa-
vourable results, the drug is
submitted for regulatory ap-
provals to ensure it meets the
required standards for quality,
safety, and efficacy. Follow-

ing approval, the drug enters
commercial manufacturing
for large-scale production and
distribution. Finally, post-mar-
ket surveillance is conducted
to continuously monitor the
drug’s safety, effectiveness,
and any rare adverse effects af-
ter it reaches the market.
Developing a completely new
drug is a long and expensive
journey. Clobally, it may take
10-15 years and investments
exceeding US$ 1-2 billion be-
fore a medicine reaches pa-
tients. Therefore, efficent R&D
strategies are critical for en-
suring scientific success while
managing costs and risks.

Evolution of pharma R&D in
India

Following the enactment of
the Indian Patent Act of 1970,
India adopted a patent re-
gime that emphasized process
patents rather than product
patents. This policy enabled
domestic pharmaceutical com-
panies to manufacture afford-
able versions of patented medi-
cines by developing alternative
production processes.

As a result, the industry con-
centrated on reverse engineering,

process optimization, cost-effident
manufacturing, and the devel-
opment of generic drugs. These
strategic efforts strengthened the
country’s  pharmaceutical capa-
bilities and established India as
a global leader in the production
and export of generic medicines.

The TRIPS Era

The introduction of the WTO's
TRIPS Agreement in 2005
marked a significant turning
point for the Indian pharmaceu-
tical industry. With the adop-
tion of product patent protec-
tion, pharmaceutical companies
were encouraged to shift their
focus from producing generic
imitations to developing inno-
vative medicines. Since then, In-
dian pharmaceutical firms have
steadily increased their invest-
ments in research and develop-
ment, particularly in areas such
as new chemical entities (NCEs),
novel drug delivery systems,
biosimilars, biologics, spedalty
pharmaceuticals, and precision
medicine. As a result, the in-
dustry’s strategic emphasis has
evolved beyond manufactur-
ing and generic production to-
ward innovation, research, and
knowledge creation.

Current R&D landscape in
India

Today, India hosts one of the
world’s largest pharmaceutical
R&D ecosystems. The coun-
try is home to more than 3,000
pharmaceutical companies
and thousands of manufactur-
ing facilities, including hun-
dreds of WHO-GMP-approved
plants that meet international
quality standards. India also
boasts one of the world's larg-
est pools of pharmaceutical
scientists, supported by strong
biotechnology research capa-
bilities and a rapidly expand-
ing clinical research infrastruc-
ture. Together, these strengths
position India as a global lead-
er in pharmaceutical innova-
tion, manufacturing, and drug
development.

Major Indian pharmaceutical
companies invest between 6%
and 15% of their annual rev-
enues in R&D, depending on
their strategic priorities. Sev-
eral companies now maintain
dedicated innovation centres
focusing on oncology, immu-
nology, metabolic disorders,
infectious diseases, neurosci-
ence, and rare diseases.
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longer viewed merely :
as a manufacturing :
hub. It is steadily be- :
coming an innovation :
ecosystem capable of :
contributing to global :
drug  development, :
precision  medicine, :
biologics, artifidal in- :
telligence-enabled re- :
search, and advanced :
therapeutics. Govern- :
ment support, aca- :
demic collaborations, :
skilled scientific talent, :
and growing private :
investments are collec- :
tively accelerating this
transformation.  This :
article explores  the :
evolution of R&D in :
the Indian pharmaceu- :
tical industry, its cur-
rent landscape, major :
investment areas, chal- :
lenges, opportunities, :
emerging  technolo- :
gies, government ini- :
tiatives, and the road :
ahead. >
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Key areas of pharma R&D
New drug discovery

Drug discovery represents the
highest level of pharmaceuti-
cal innovation, involving the
identification of biological tar-
gets associated with diseases
and the design of molecules ca-
pable of modifying these targets
safely and effectively. Indian
pharmaceutical companies are
increasingly collaborating with
international universities, bio-
technology startups, research
institutes, and global pharma-
ceutical firms to accelerate inno-
vation. Major areas of research
include cancer therapies, diabe-
tes, cardiovascular diseases, au-
toimmune disorders, neurologi-
cal di and rare di

Biosimilars

Biologics have revolutionized
the treatment of complex dis-
eases but remain costly for many
patients. India has emerged as
a leading developer of biosimi-
lars, which are highly similar
versions of approved biologic
medicines that offer comparable
safety and efficacy at significant-
Iy lower costs. Indian biosimilar
research focuses on monoclonal
antibodies, insulin, growth hor-
mones, immunotherapies, and
oncology biologics. The increas-
ing global demand for afford-
able biologics presents substan-
tial export opportunities for the
Indian pharmaceutical industry.

Vaccine research

India demonstrated its vaccine
development capabilities during
the Covid-19 pandemic by rap-
idly developing, manufactur-
ing, and supplying vaccines to
millions of people worldwide.
Building on this success, cur-
rent vaccine research and de-
velopment focuses on advanced
technologies such as mRNA and
DNA vaccines, as well as univer-
sal influenza vaccnes, malana
vaccines, tuberculosis vaccines,
and HPV vaccines. These efforts
are strengthening India’s vaccine
innovation ecosystem beyond
pandemic preparedness.

Novel Drug Delivery Systems
(NDDS)

Pharmaceutical R&D increas-
ingly emphasizes not only the
discovery of new medicines but
also the improvement of drug
delivery methods. Novel Drug
Delivery Systems (NDDS) en-
hance drug absorption, improve
patient compliance, increase
treatment effectiveness, and re-
duce side effects. Technologies
under development include sus-
tained-release tablets, liposomal
formulations, nanotechnology-

based drug delivery systems,
transdermal patches, injectable
long-acting formulations, and
targeted drug delivery systems.

Precision medicine

Precision medicine is an
emerging approach that tai-
lors treatments according to an
individual's genetic makeup,
lifestyle, environmental factors,
and disease biomarkers. Indian
pharmaceutical companies are
increasingly partnering with
genomic research institutions to
develop personalized therapies.
As advances in genomics and
biotechnology continue, pred-
sion medicine is expected to ex-
perience significant growth over
the next decade.

Artificial intelligence in drug
discovery

Artifidal Intelligence (Al) is
transforming  pharmaceutical
R&D by significantly reduc-
ing the time required for drug
discovery and development. Al
applications indude molecule
screening, drug repurposing,
clinical trial optimization, toxic-
ity prediction, biomarker iden-
tification, and protein structure
prediction. Indian startups and
pharmaceutical companies are
increasingly integrating Al with
conventional laboratory research
to improve efficiency and accel-
erate innovation.

Clinical research in India
Clinical trials form the back-
bone of pharmaceutical R&D
by evaluating the safety and ef-
fectiveness of new medicnes.
India offers several advantages
for dinical research, including a
large and diverse patient popu-
lation, highly qualified invest-
gators, modem hospitals, cost-
effective research infrastructure,
and an English-speaking scien-

tific workforce.

Government support for R&D

The Government of India has
introduced several initiatives to
promote pharmaceutical inno-
vation and strengthen domestic
research capabilities. The Pro-
duction Linked Incentive (PLI)
Scheme supports the domestic
manufacturing of Active Phar-
maceutical Ingredients (APIs),
Key Starting Materials (KSMs),
and high-value pharmaceuti-
cal products, reducing import
dependence while encouraging
innovation.

The National Biopharma Mis-
sion promotes biotechnology
innovation, vaccine research,
medical device development,
translational research, and in-
dustry-academia collaboration.
The Biotechnology Industry

Research Assistance Coundil
(BIRAC) provides funding for
startups, academic research,
biotechnology innovation, and
the commercialization of scien-
tific discoveries, thereby foster-
ing pharmaceutical entrepre-
neurship.

In addition, India is strength-
ening domestic AP manufactur-
ing through research in green
chemistry, continuous manu-
facturing, process optimization,
and advanced synthesis technol-
ogies to enhance supply chain
resilience.

Role of academia and research
Institutions

India’s pharmaceutical inno-
vation ecosystem increasingly
relies on strong partnerships
between academia and industry.
Leading research institutions
contribute significantly to drug
biotechnology, genomics, nano-
technology, and clinical phar-
macology. These collaborative
efforts accelerate the commer-
dalization of scientific discover-
ies while improving the overall
quality and impact of pharma-
ceutical research.

Biotechnology and pharma
convergence

maceutical and biotechnology
companies is gradually dimin-
ishing as both sectors increas-
ingly collaborate in advanced
healthcare research. Emerging
areas of convergence include
gene therapy, cell therapy, re-
generative medicne, CRISPR
gene editing, synthetic biology,
and RNA therapeutics. India’s
rapidly growing biotechnol-
ogy ecosystem complements
pharmaceutical research and
development, creating new op-
portunities for innovation and
strengthening the country’s po-
sition in the global life sciences

Role of startups in pharma
innovation

India’s startup ecosystem has
emerged as a significant driver
of pharmaceutical R&D, with
health-tech and biotechnology
startups playing a pivotal role
in advancing innovation. These
startups contribute across di-
verse areas, including Al-based
drug discovery, digital thera-
peutics, diagnostics, genomics,
bicinformatics, and remote clini-
cal trials.

Emerging trends shaping
future of pharma R&D in India
The future of pharmaceutical
Ré&D in India will be defined by
a combination of scientific inno-

vation, digital transformation,
sustainability, and global col-
laboration. As healthcare chal-
lenges become more complex,
pharmaceutical companies are
increasingly adopting multidis-
dplinary approaches to acceler-
ate drug discovery and improve
patient outcomes.

One of the most significant
emerging trends is the integra-
tion of digital technologies into
pharmaceutical research. Tech-
nologies such as Artifidal Intel-
ligence (Al), Machine Learning
(ML), doud computing, big
data analytics, and digital twins
are transforming the traditional
R&D process.

Al-powered algorithms can
analyze millions of chemical
compounds within hours, iden-
tify potential drug candidates,
predict toxicity, and optimize
clinical trial designs. These tech-
nologies  significantly reduce
research timelines, lower devel-
opment costs, and improve the
probability of success in drug
development.

Another rapidly growing area
is real-world evidence (RWE)
and real-world data (RWD).
Pharmaceutical companies are
increasingly utilizing data col-
lected from electronic health re-
cords, wearable devices, patient
registries, and mobile health ap-
plications to better understand
disease progression, treatment
effectiveness, and long-term
patient outcomes. This data-
driven approach supports regu-
latory submissions, post-market
surveillance, and personalized
treatment strategies.

Sustainability has also become
a key priority in pharmaceutical
Ré&D. Companies are investing
in green chemistry, environmen-
tally friendly manufacturing
processes, waste reduction tech-
nologies, and energy-efficient
production facilities.

Sustainable R&D not only min-
imizes environmental impact
but also enhances operational
effidency and aligns with glob-
al Environmental, Sodal, and
Governance (ESG) goals. India
has the opportunity to become
a leader in sustainable pharma-
ceutical manufacturing by com-
bining innovation with respon-
sible production practices.

Collaborative innovation is
another important trend driving
the industry forward. Pharma-
ceutical companies are increas-
ingly partnering with biotech-
nology firms, contract research
organizations (CROs), academic
institutions, hospitals, and tech-
nology companies to share ex-
pertise and accelerate research.

Open innovation models en-
able faster problem-solving, re-

duce duplication of efforts, and
promote the commercialization
of breakthrough discoveries.
Such collaborations are par-
ticularly valuable in areas such
as oncology, immunotherapy,
gene therapy, and rare disease
research.

India is also witnessing sig-
nificant growth in Contract
Research and Development
Services (CRDMO). Global
pharmaceutical companies are
outsourcing research activities
to Indian organizations due
to the country’s highly skilled
scientific workforce, advanced
laboratory infrastructure, and
cost advantages. This trend not
only strengthens India’s posi-
tion in the global pharmaceutical
value chain but also provides lo-
cal researchers with exposure to
cutting-edge scientific projects.

Furthermore, increasing in-
vestments in genomics, phar-
macogenomics, and biomarker
research are paving the way for
precision medicine. As genetic
testing becomes more acces-
sible and affordable, researchers
can develop therapies tailored
to individual genetic profiles,
improving treatment effective-
ness while minimizing adverse
effects. This personalized ap-
proach is expected to revolution-
ize the management of chronic
diseases, cancer, and rare genetic
disorders.

Looking ahead, India’s phar-
maceutical R&D ecosystem will
continue to evolve through in-
novation, strategic investments,
and stronger global partner-
ships. By leveraging its scientific
talent, expanding research infra-
structure, and embracing emerg-
ing technologies, India is well
positioned to move beyond its
traditional role as a global sup-
plier of generic medicines and
establish itself as a leading centre
for pharmaceutical innovation.

This transformation will not
only strengthen the country’s
economy but also contribute
significantly to advancing global
healthcare by delivering safer,
more effective, and more acces-
sible medicines for millions of
people worldwide.

Despite significant progress,
pharmaceutical R&D continues
to face several important chal-
lenges. Drug discovery requires
substantial financial investment,
often with uncertain outcomes,
making it a high-risk endeavour.

In addition, bringing a new
medicine to market typically
takes more than a decade due to
the extensive stages of research,
testing, and regulatory approval.
The evolving nature of global
regulatory standards further in-

CONTINUED ON p23 P
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Future presents significant opportunities for pharma R&D
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creases the complexity of ensur-
ing compliance across different
markets,

The industry also faces grow-
ing competition for highly
skilled researchers, making tal-
ent retention increasingly diffi-
cult. Protecting intellectual prop-
erty while ensuring affordable
access to innovative medicines
remains another critical chal-
lenge. Furthermore, although
applied research has expanded
considerably, there is still a
pressing need for greater invest-
ment in fundamental scientific
research to support future break-
throughs.

Despite these challenges, the
future presents significant op-
portunities for Indian phar-
maceutical R&D. India is well
positioned to become a leading
global supplier of affordable bio-
similars, while increasing aware-
ness of rare diseases is creating
new opportunities for orphan
drug development.

The adoption of artificial intel-
ligence in drug discovery has the
potential to reduce development
costs and accelerate innovation.
At the same time, advances in
genomics are driving the growth
of personalized medicine, creat-
ing demand for customized ther-
apies. Innovation-led products

can further strengthen India’s
position as a global pharmaceu-
tical leader and expand export
opportunities.

Future of pharmaceutical
innovation in India

Over the next decade, India’s
pharmaceutical industry is ex-
pected to transition from a pre-
dominantly generic manufac-
turer to a globally recognized
innovation hub. This evolution
will be driven by increased in-
vestment in advanced research,
stronger industry-academia
partnerships, adoption of digital
technologies, and greater par-
ticipation in international drug
development programs.

Emerging technologies
such as artifidal intelligence,
machine leaming, big data an-
alytics, quantum computing,

and automation will redefine :

every stage of pharmaceutical
R&D—from target identifica-

tion and molecule design to

clinical trials and post-market
surveillance.

Biologics, biosimilars, cell
and gene therapies, RNA-
based medicines, and pred-

sion medicine are likely to :
become major pillars of future :

growth. At the same time, In-

dia’s expertise in cost-effective
manufacturing and process :
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bi specific antibodies, and :
enzymes via mammalian :
expression platforms I
®  Fermentation & specialty
ingredients — Large-scale :

NTHEM Biosciences is
an integrated CRD-
MO (Contract Re-
search, Development
& Manufacturing Organisa-
tion) headquartered in Ben-
galuru, with multiple GMP-
compliant manufacturing
facilities. Anthem is one of the
few CRDMOs in India with
genuine strength across both
small-molecule and large-
molecule modalities, spanning
target identification through
commercial-scale supply.
Anthem as a company is 2500
people strong, of which >70%
belong to scientific communi-
ty, 400 fume cupboards across
40 labs and expanding

Core service lines of the

company include:

m  Small molecules — Me-
dicinal chemistry, process
chemistry, custom synthe-
sis, and ¢cGMP manufactur-
ing (mg to multi ton)

m TIDES - TPeptides, lipids,
oligonucleotides and com-
plex conjugates

m  Biologics — Recombinant
proteins, monoclonal and

microbial fermentation,
enzymes, probiotics

»  High-potent APIs — Ca-

pabilities in ADCs

= Green chemistry — Bio- :
flow :

transformation,
chemistry, micellar and

pincer for greener, more :

efficient routes

®  Emerging modalities -

Photochemistry, electro-
chemistry and mechano-
chemistry

= Full CMC & regulatory

support —  Analytical
Ré&D, process validation,
IND/CTA-enabling pack-
ages, and late-stage/com-
mercial manufacturing

u  Asingle, connected CDMO

system — Reducing frag-
mentation across vendors,
accelerating  technology

transfer, and giving one :

accountable partner from
candidate to clinic to com-
mercial supply *

optimization will remain a stra-
tegic advantage, enabling the
country to deliver innovative
fJ"lerap-ies at accessible prices.

s regulatory frameworks
continue to mature and public-
private partnerships expand, In-
dia has the potential to become
a preferred destination for high-
value pharmaceutical research,
contract development, clinical
innovation, and global health-
care solutions.

=

Conclusion

R&D has become the defin-
ing force shaping the future of
the Indian pharmaceutical in-
dustry. What began as a sector
known primarily for producng
affordable generic medicines is
now steadily evolving into an

innovation-driven ecosystem ca-
pable of discovering new thera-
pies, advancing biotechnology,
developing biosimilars, and con-
tributing meaningfully to global
healthcare.

This transformation is support-
ed by a robust scientific work-
force, expanding research infra-
structure, favourable government
initiatives, increasing private in-
vestment, and a thriving startup
ecosystem. Although challenges
such as high development costs,
regulatory complexities, and long
innovation cydes remain, the in-
dustry’s commitment to research
continues to strengthen.

By embracing cutting-edge
technologies, fostering collabo-
ration between academia and in-
dustry, and prioritizing patient-

centric innovation, India is well
positioned to emerge as a global
leader in pharmaceutical R&D.
The country’s ability to combine
scientific excellence with cost
efficiency offers a unique com-
petitive advantage, ensuring that
future breakthroughs not only
improve health outcomes but
also make advanced treatments
more affordable and accessible
worldwide.

As the pharmaceutical land-
scape continues to evolve, sus-
tained investment in research and
innovation will remain the key to
India’s long-term growth, global
competitiveness, and contribu-
tion to a healthier future for all.

(The author is pharmaceutical
consultant)
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