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ABSTRACT: An overview of the drug discovery and development process
in brief helps scientists whose work could be important in deciding the
process to properly design their research report for the successful translation
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of preclinical research to human subjects. The idea for the drug's discovery
and development may have come from a variety of sources, including the
demands of the market at the time, clinical and scholarly research, the
commercial environment, etc. In order to control the marketing of drugs,
each pharmaceutical industry is required to abide by the laws, rules, and
regulations of their respective nation. The majority of newly developed
medications on the market today are synthetic. The process of developing
new medications is expensive due to the significant expenses linked to
research and development as well as clinical trials. Information regarding
drugs, the development process, and regulating bodies in Europe, Japan, the
USA, and India are provided in this article.
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INTRODUCTION: The process by which a
research-intensive organization finds a novel
chemical or biological material and turns it into a
product that is authorized for use by patients is
known as drug discovery and development. The
completion of this extremely capital- and
knowledge-intensive procedure takes, on average,
over $2 billion (2021 numbers) and takes 10 to 15
years 2 Researchers frequently find new
medications through new discoveries into a disease
process that allow them to create a therapy to
prevent or prevent the negative effects of the
disease “°. Historically, the majority of medicinal
treatments were derived from naturally occurring
plant parts, such as digitalis from foxglove, quinine
from cinchona, and opium from poppies "®.
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Most new drugs that are available on the market
today are synthetic. The process of creating new
pharmaceuticals is costly because of the major
costs associated with clinical trials and research &
development ®**. For every effective medication,
research and development costs range from $900
million to $2 billion on average **. The cost of the
thousands of errors is included in this figure: In the
final analysis, just one compound out of every
5,000-10,000 that enter the manufacturing process
for research and development is approved 3.
These figures defy belief, but a quick review of the
R&D process can help explain why so many
compounds fail to reach the market and why it
requires such a significant amount of time and
money to develop one medication that actually
helps patients *"%.

Substantial funding, the sharpest scientific and
logical brains, extremely advanced lab and
equipment, and complete project management are
all necessary for success. It also requires luck and
patience .
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In the end, the drug discovery process provides
billions of patients with comfort, hope, and faith %.

There are three basic areas of drug research and
development:

1. Drug discovery Software study (Ex-vivo)
2. Drug discovery (in-vivo)
3. Drug Development

A. Preclinical trials
B

. Clinical trials

* Drug discovery Software study ( Ex-vivo )
* Drugdiscovery ( in-vivo )
¢ Drug Development

* Drug Management and Marketing

FIG. 1: FLOW CHART OF DRUG DISCOVERY AND
DEVELOPMENT

Type 1: Drug Discovery Software Study (Ex-
vivo): Drug discovery software, which is used to
generate novel pharmaceuticals and determine if
they will be helpful in treating specific diseases,
has an average cost. Medicine discovery software
greatly reduces the time-consuming process of
developing, testing, and bringing a medicine to
market by automating tasks and utilising cutting-
edge technologies. The majority of drug discovery
solutions include computational, modelling,
simulation, screening, and predictive analytics
characteristics 2*. These features provide accurate
constancy and support with tasks like image
analysis and clinical trial results filing. Drug
discovery software is used by scientists and
researchers to gather market knowledge, benefit
from developments in drug design and synthesis,
address diseases that are changing and adapting,
and preserve and manage data integrity as
medications move past the discovery stage.

Type 2: Drug Discovery (In-vivo): Researchers
commonly use the following methods to discover
novel drugs:
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=

New  understandings of a  disease's
pathophysiology that help scientists create
treatments to stop or cure the effects of the
illness.

2. By taking chemical compounds through a
number of experiments in an effort to find
possible treatments for diseases %.

3. Through the use of present therapies that have
negative side effects.

4. By using cutting-edge technology that present
novel ideas for modifying products to specific
diseases.

Many compounds have the potential to become
reliable and efficient medical treatments at this
point in the process 2.

The Following Are Some Drug Discovery
Methods 240

Random Screening: Animal behaviour research
and other screening experiments are used to assess
the biological activity of new chemical entities.
These studies are costly, time-consuming, and low-
yielding, which may result in the extraction of new
drugs that are identical to those already on the
market without any additional benefits.

Molecular Manipulation: In this process,
biological activity of existing drug analogues is
determined through synthesis **. This is a more
proper method that could result in new compounds
with improved potency, more selective action,
better absorption, and fewer side effects *2.

Molecular Designing: The most sensible approach
to drug development and research. It ends in the
creation of materials to carry out particular
biological functions. In its most basic form, this
might involve the synthesis of a hormone, vitamin,
or neurotransmitter precursor that occurs naturally
* Levodopa is used for Parkinsonism and
dopamine is used for cardiogenic shock.

Drug Metabolites: It is occasionally discovered
that a drug's active metabolites have therapeutic
benefits over the original compound. For example,
paracetamol, a metabolite of phenacetin, functions
Xxell as an analgesic without harming the kidneys
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SBDD, or Structure-based Drug Design: To
create molecules that fit into an active site with
high specificity, SBDD uses the target protein's
three-dimensional structure. Protein structures are
determined by NMR spectroscopy and X-ray
crystallography .

Fragment-Based Drug Design (FBDD): FBDD
involves the identification of compounds that bind
to a target by screening small, low molecular
weight compounds, or fragments. These pieces can
serve as a foundation for the creation of more
substantial, effective compounds .

Multiple discovery: this term refers to "serendipity
or unexpected discovery” and has historically
prompted the introduction of numerous treatments.
Penicillin is used as an antibacterial agent, and
organomercurials are used to treat cardiac oedema.

HTS, or High-throughput Screening: In order to
find possible treatment candidates, HTS tests a
sizable library of chemical compounds against a
particular target or biological assay. Robotics and
automation are essential to carrying out these tests
on a large scale.

Virtual Screening: Molecules are screened and
their potential to bind to a target is predicted using
computational techniques. In the initial phases of
drug discovery, this is frequently employed.
Molecular docking, structure-based drug design,
and molecular dynamics simulations are some of
the methods used *'.

Computation Drug Design: In contrast to target-
based methods, computational techniques such as
machine learning and quantitative structure-activity
relationship (QSAR) analysis are used to predict
the bioavailability of drugs.

Phenotypic screening, on the other hand, entails
testing compounds for their effects on entire cells
or organisms. This method can be used to find
medications with unexpected modes of action *®,

Screening for Natural Products: natural products
derived from microbes, plants, and marine
organisms have been used as sources of medicinal
compounds.  High-throughput  methods and
bioassays are employed to screen natural product
libraries .
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Cell-Based and Biological Assays: These tests
assess possible  pharmacological compounds'
effects on biological systems, frequently with the
use of cultured cells or tissues. Cell-based assays
can replicate disease processes and offer important
insights into the effectiveness of treatment
candidates.

Investigations on  Pharmacokinetics and
Pharmacodynamics (PK/PD): PK/PD studies
evaluate a drug's pharmacokinetics how the body
absorbs, distributes, metabolises, and excretes it as
well as its pharmacodynamics the way it affects the
body. Determining the proper dosage and method
of administering a medication requires an
understanding of these characteristics.

Chemistry in Combinatorial: Using this method,
huge libraries of various chemical compounds are
synthesised and then simultaneously screened for
possible therapeutic candidates.

Discovering Biomarkers: Particular biological
indicators known as biomarkers are useful for
tracking the effectiveness of treatments, making
diagnoses, and forecasting disease outcomes. Drug
discovery activities can be directed by identifying
pertinent biomarkers.

Proteomics and Genomics: Potential therapeutic
targets and biomarkers have been found thanks to
developments in proteomics and genomics. Drug
discovery involves the use of whole-genome
sequencing and analysis of gene expression
patterns.

Interference with RNA (RNAI): Researchers can
study the function of particular genes and their
potential as therapeutic targets by using RNA
interference (RNAI) to selectively silence or
"knock down" those genes.

Drug Repurposing: This strategy, also referred to
as "drug repositioning,” entails giving already-
approved medications new, therapeutic
applications. It can drastically cut down on the
expense and duration of drug development.

Collaborative and Open Innovation:
Collaborative efforts between academia,
pharmaceutical companies, and government

agencies can accelerate drug discovery by sharing
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resources, data and expertise. Many drug discovery
projects combine multiple approaches to increase
the chances of success in identifying and
developing new pharmaceuticals.

Type 3: Drug Development: Over the past 40
years, the complexity of drug development has
multiplied, requiring the preclinical stage of the
process, an investigational new drug (IND)
application, and extensive clinical testing before
the FDA will approve a drug for sale *°. Before

E-ISSN: 0975-8232; P-ISSN: 2320-5148

being approved, new drug applications (NDASs) and
biologics license applications (BLAS) are typically
subjected to thorough review Following
approval, drug performance is then resubmitted to
regulatory bodies for post-marketing research 2.
Development accounts for about two-thirds of the
total R&D costs *°. The cost per project is very
much greater in the development phase, and
increases sharply as the project moves into the later
phases of clinical development ** *°.
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FIG. 2: DRUG DEVELOPMENT AND PHASES *°

Preclinical Trials:

Formulation Development in Preclinical Phase:
Formulation development determines how best to
get a medication ready for preclinical use before it
is intended for clinical use in humans °.

Examinations are made of variables like tasting,
consistency of the formula, frequency and mode of
administration, and solubility. This considers the
location of the illness or issue, such as the tumor
cells or sinuses %,

Preclinical

YaACAYAVA

Clinical

FIG. 3: THE DRUG DEVELOPMENT CYCLE **

Pharmacology: The pharmacology stage assesses
the safety of a drug as well as its ADME -
Absorption;  Distribution;  Metabolism;  and
Excretion. ADME is the backbone of
pharmacology *.

ADME: Absorption concerns the bioavailability of
the drug once administered. Before most drugs can
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achieve their goal, the bloodstream carries them
away. The bioavailability of the drug measures the
fraction of an administered drug dose that reaches
the target system, while also measuring the uptake
in the target cells and organs ®*. Once the body has
absorbed a drug, the latter distributes from one part
of the body to another. Metabolism studies the
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metabolites produced by the drug’s breakdown. It
then evaluates whether they are active or harmful,
and the breakdown’s location in the body. Finally,
excretion looks at how the drugs and the
metabolites produced exit the body. While ADME
is not a regulatory requirement for a first-time, in
man (FTIM) study, having conducted it helps
improve the quality of the safety information and
gives further information to pharmacology and
toxicology studies.

Safety: The safety assessment of a drug monitors
both pharmacodynamics (PD) and pharmacokinetic
(PK) interactions. PD interactions are where the
drug administered can affect the actions of another
specified drug without affecting its concentration,
such as warfarin and antibiotics used in tandem. PK
interactions are where the drug administered can
affect the actions of another specified drug by
affecting its concentration or that of its metabolites,
such as the relationship between alcohol and
paracetamol.
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Safety plays a huge part in the preclinical stage of
pharmaceutical product development: researchers
must test any drugs vying for Investigational New
Drug (IND) status extensively before allowing
human testing. Researchers can use computer
modelling and simulations to an extent, however,
they still require animal models to assess safety.
This is because they will assess the
pharmacodynamics of the drug on a number of the
major body systems such as:

1. The cardiovascular and respiratory systems
2. Renal functionality and intestinal transit

Toxicology in the Preclinical Phase: Since,
researchers need to conduct Investigational New
Drug (IND) tests in animal models, they must
conduct studies in two species °2. This part of the
testing is highly regulated. Researchers must use
one species that is non-rodent and their use of
primates as an animal model is heavily restricted ®.
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FIG. 4: PRECLINICAL STUDIES TOWARDS IND FILING *

Clinical Trials: A clinical trial is a research study
conducted on human volunteers to assess whether a
new intervention is safe and effective for a specific
condition.

The intervention tested can either be a new drug, a
device, a procedure, or even changes to a
participant’s behavior (such as dieting) ®°. It is
normally tested against a current standard
treatment, a placebo, or no intervention .
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Phases of Clinicaltrials:

Phase 1 Trial: Verify the safety of a novel
treatment on humans. Physicians also determine
how best to administer the medication.

A Phase I trial's Objectives are to:
1. Determine the safety of a new treatment.

2. Determine the optimal delivery method for the
new medication, such as intravenous or oral.
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3. Look for indications that the cancer is
responding to the new medication.

Small groups of 20to 80 volunteer typically
participate in phase I trials. Cohorts are the term for
these groups °’. A dose of the novel medication is
given to the first cohort. Physicians may take urine
or blood samples from their patients to assess their
drug levels .

A new cohort is given a higher dosage of the same
medication if the first cohort experiences no serious
side effects. With every new cohort, the dosage is
increased until the physicians determine the ideal
dosage for upcoming testing. Doctors test each
patient to see if they are responding to treatment
with each increase in dosage. The treatment will
proceed to be examined in a Phase Il trial if the
physicians determine that it is safe. Many of MD
Anderson's Phase | clinical trials are provided by
the Clinical Centre for Targeted Therapy. If you'd
like more information about this centre, ask your
doctor.

Phase Il Trials: See if a novel treatment is
effective for a particular kind of cancer. In a Phase
Il trial, fewer than 100 volunteer typically enrol.
Physicians continue to monitor side effects closely,
even though the primary objective is to determine
whether the treatment is effective. In a Phase Il
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trial, physicians may continue to study the novel
treatment if it proves effective.

Phase 11l Trials: Examine whether a novel
treatment outperforms the standard one. 1000 to
3000 volunteer typically participate in phase Il
trials. Thousands or even hundreds of thousands of
patients nationwide may participate in phase Il
trials. In a Phase Il clinical trial, patients are
randomly assigned to one of the following groups:

Control Group: The control group is the one that
standard treatment.

Study Group: the group receiving the novel
treatment under investigation. Although they
cannot say for sure, doctors think the new treatment
is at least as good, if not better, than the current
standard of care. The FDA examines the clinical
trial findings following the Phase 111 trial to ensure
the treatment is both safe and effective for use by
the general public.

Phase 4 Trials: Learn more about the long-term
adverse effects. More than one year volunteer
typically participate in phase I trials ®°. Physicians
investigate FDA-approved treatments in Phase IV
trials. Phase IV trials aim to further investigate a
new treatment's side effects .

PHASES OF CLINICAL TRIALS

i" £5) =

,l

PHASE 1 PHASE 2

Drug Approval Process: Research in chemistry,
molecular biology, biochemistry, preformulation
and formulation development, process development
and manufacturing, quality control, preclinical and
clinical studies, and other areas is heavily involved
in the process of developing a new drug. It is the
duty of drug regulatory bodies throughout the
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FIG. 5: PHASES OF CLINICAL TRIALS "2

world to assess whether research findings support a
new drug product's quality control, safety, and
efficacy in serving the public health. Every nation
has a regulatory body that is in charge of issuing
guidelines to control the marketing of
pharmaceuticals and enforcing laws and regulations
’2_ The regulatory requirements for approving new
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drugs vary amongst nations. It is currently nearly
impossible to find a single regulatory approach that
is applicable to multiple countries for INDs, NDAs,
or marketing authorization applications (MAAS).
As a result, it is essential to understand the legal
prerequisites for each nation's drug approval
procedure.

There are two stages in the new drug approval
process: the IND stage is the first, and the NDA
and marketing authorization stages are the second.
First, non-clinical testing on the medication is
finished to guarantee its effectiveness and safety.
The application for conducting clinical trials must
be submitted to the appropriate national authority
as the next step. The following step involves
conducting clinical trials in four phases, namely
phase 1 through phase 4 studies. These studies are
conducted to ensure drug safety and efficacy as
well as to optimise dosage for human use. Then,
the application for the drug's marketing is approved
by the appropriate authorities.

Drug Approval Process in India: The Indian
parliament established the Drug and Cosmetic Act
1940 and Rules 1945 to control the import,
production, distribution, and sale of
pharmaceuticals and cosmetics . It was decided to
create the Drugs Controller General (DCGI) office
and the Central Drugs Standard Control
Organization (CDSCO). The Indian government
modified the 1945 Drug and Cosmetics Rules by
adding Schedule Y in 1988. The rules and
guidelines for clinical trials are outlined in
Schedule Y, which was updated in 2005 to conform
to internationally recognized standards. A company
in India must apply for authorization from the
licensing authority (DCGI) by filing Form 44 and
providing the information specified in Schedule Y
of the Drugs and Cosmetics Act 1940 and Rules
1945 in order to manufacture or import a new drug.
It must perform clinical trials in compliance with
the requirements outlined in Schedule Y and
submit the results of such trials in the format
required in order to demonstrate its efficacy and
safety in the Indian population ™ ™.

Rule: According to Section 122A of the Drug and
Cosmetics Act, clinical trials may not be required
for novel medications that have received approval
and have been in use for a number of years in other
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nations. Schedule Y of the Drugs and Cosmetics
Act 1940 and Rules 1945 states in Section 2.4 (a)
that all phases of clinical trials must be completed
for drug compounds found in India. According to
Schedule 2.4(b) of the Drugs and Cosmetics Act
1940 and Rules 1945, if a drug substance is found
in a nation other than India, the applicant must
submit the data that is available from those nations.
The licensing authority may then mandate that the
applicant repeat all of the studies or allow the
applicant to move forward with Phase Il clinical
trials.

1. Generic name
2. Patent status

3. Brief description of
chemical/biological

physico-

Technical information
Stability
Specifications
Manufacturing process

o0 wp &

Worldwide regulatory status

E. Animal pharmacology and toxicity studies
5. Published clinical trial reports

6. Proposed protocol and pro forma

7. Trial duration

8. During master file

9. Undertaking to Report Serious or Life-

threatening Adverse Drug Reactions.

The state of the medication in other nations
determines whether local clinical trials are required
in India. Phase 11 trials are usually necessary if the
medicine has already received approval in another
country. In India, phase | trials are not permitted
unless outside data sources are consulted. DCGI
gives the go-ahead to carry out Phase | studies in
India if the medication has a unique bearing on an
Indian health issue, such as tuberculosis or malaria.
Studies on bioavailability and bio equivalency
(BABE) are to be carried out in accordance with
BABE criteria. In addition to safety and
effectiveness data, detailed information about the
drug's marketing status in other nations is also
needed. It is also necessary to give information on
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the prescription, samples, testing procedures,
product monographs, and labelling. In India,
approval of a clinical trial typically takes three
months. The Clinical Trials Registry of India
(CTRI) is a database that contains information
about clinical trials, including their subjects' names
"® The 1945 Drugs and Cosmetics Rules stipulate
the following guidelines to be adhered to:

Rule 122 - A: Application for permission to import
new drug.

Rule 122- B: application for approval to
manufacture new drug other than the drugs
specified under Schedule C and C (1).

Rule 122 - D: Permission to import or manufacture
fixed dose combination.
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Rule 122 - DA: Application for permission to
conduct clinical trials for New Drug/Investigational
New Drug.

Rule 122 - DAB: Compensation in the case of
injury or death during the clinical trials.

Stages of Approval:

1. Submission of Clinical Trial application for
evaluating safety and efficacy.

2. Requirements for permission of new drugs
approval.

3. Post approval changes in biological products:
quality, safety and efficacy documents.

4. Preparation of the quality information for drug
submission for new drug approval.

[ Applicant submits application to the RMS & CMS ]

([ RMS & CMS validates the application ] [ 70 Days )

-~

RMS distributes the preliminary assessment
report to the CMS

>

-
RMS sends preliminary assessment report &

all comments of the CMS to the applicant

Clock stops, applicant responds, clock runs

)

.

RMS sends draft assessment report to the
CMS & applicant

J

l 35 Days l

(

CMS approve the assessment report

] l 90 Days orless l

[ Marketing Authorization in RMS & each ofthe CMS ]

FIG. 6: FLOW CHART OF DECENTRALIZED PROCEDURE "’

Drug Approval Process in India:
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Type 4: Drug Management and Marketing:
Phase IV studies are undertaken after marketing
has begun and evaluate new indications, new doses

or formulations, long-term safety or cost-
effectiveness %8,
Market Approval & Launch (The Drug

Registration Process): If stages | through 111 yield
favorable results, a new drug application (NDA) is
submitted for market approval. It may take several
months to prepare the application materials, and it
will then take another six to ten months for the
authorities to process the application.

Market Launch: The candidate, or drug as it is
now called, is prepared for distribution to
consumers if the appropriate regulatory agencies
accept an application. The procedure of negotiating
prices might vary significantly between nations.

Phase IV Studies - Monitoring Marketing and
Safety: Regulation bodies may mandate phase IV
follow-up studies following a drug's approval for
the market. Data from clinical practice, or actual
care providers used by patients, is gathered in order
to carry out this %.

Increasing pharmacovigilance is the goal ®. Phase
IV studies assess the drug's potential for
interactions with other drugs and carry out
additional safety testing ®. When it comes to
medications intended to treat uncommon illnesses,
phase IV trials may be important because phase 1-

111 studies often involve a small number of patients
88

Supplemental Applications: Developers must file
a supplemental application if they wish to make
any significant changes from the original NDA %,
Generally, any changes in formulation, labeling, or
dosage strength must be approved by FDA before
they can be made.

Drug Advertising: No advertisement, no matter
how subtle or overt, can make incorrect or
misleading representations about a product. They
have to be accurate when it comes to a drug's
effectiveness, adverse effects, and prescribing
details. These commercials can be seen in
newspapers, periodicals, and medical journals as
well as on the Internet, radio, television, and other
social media platforms.
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Generic Drugs: Once new medications are
authorized for sale, their patents are secured. This
implies that the sponsor only is authorized to
promote the medication. Like brand-name
medications, generic medications must have the
following qualities:

v" Dosage form
Strength
Safety
Quality

Performance characteristics

AN N NN

Intended use

Reporting Problems: The FDA offers a number of
programs that let producers, medical professionals,
and patients report issues related to products that
are approved.

e MedWatch is a platform for reporting issues
with pharmaceuticals and equipment used in
medicine as well as for learning about updated
safety data. You can sign up to receive frequent
safety alerts from MedWatch.

e The Medical Product Safety Network
(MedSun) keeps a watch on medical products'
efficacy and safety. The FDA releases the
MedSun newsletter once a month .

Drug Approval Process in United States: The
United States has the world’s most stringent
standards for approving new drugs. Drug approval
standards in the United States are considered to be
the most demanding in the world * .

Investigational New Drug (IND) Application: If
the drug was determined to be safe based on
preclinical trial reports, an application would be
submitted to the FDA to begin human clinical
trials. The organization or company referred to as a
Sponsor is in charge of submitting the IND
application . It is possible to schedule a pre-IND
meeting with the FDA to go over a variety of
topics, including the planned protocol for carrying
out the clinical trial, the chemistry, manufacturing,
and control of the investigational drug, and the
design of animal research, which is necessary to
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support the clinical studies **. A meeting of this
kind will assist the Sponsor in planning the animal
research, collecting information, and creating the
clinical protocol in accordance with FDA
recommendations. This is an application that is
submitted to the FDA in order to initiate human
clinical trials in the event that the results of
preclinical trials indicate that the drug is safe. The
organisation or company that is referred to as a
Sponsor is in charge of submitting the IND
application.

It is possible to schedule a pre-IND meeting with
the FDA to talk about the following topics:

E-ISSN: 0975-8232; P-ISSN: 2320-5148

% The design of animal research, which is
required to lend support to the clinical studies

% The intended protocol for conducting the
clinical Trial

% The chemistry, manufacturing, and control of
the investigational drug

A gathering like this can help the Sponsor in
assemble data, plan animal studies, and create the
clinical procedure using advice from the FDA.
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Safety Review

l

=

No

to Procced

Complete reviews

g

Review Complete and
Acceptable?

|

Ni) :

Application or Drug Sponsor

Investigational New Drug

Review By CDER

!_l_{_.l—!

Sponsor Submits new data

Safety Acceptable for Study b

 —_

No Deficiencies eemssssssm——)  Study Ongoing

Pharmacological and

3 X statistical
Toxicological

Chemical Hold
Decision

l‘v’w.

Notify Sponsor

Sponsor notified of
deficiencies

FIG. 8: INVESTIGATIONAL NEW DRUG APPLICATION (IND)

New Drug Application (NDA): A manufacturer
submits a New Drug Application (NDA), which is
essentially a request to manufacture and sell a new
drug in the United States, if clinical studies show
that the drug is reasonably safe, effective, and
doesn't put patients at unreasonable risk > .

International Journal of Pharmaceutical Sciences and Research

Once clinical trials verify that a novel medication is
reasonably safe, effective, and won't put patients at
undue risk, the maker submits a New Drug
Application (NDA), which is a formal request to
produce and market the medication within the US.
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Meeting With

Meeting

pr—
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4
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—

N Additional Info or
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G

Results

FIG. 9: NDA (NEW DRUG APPLICATION) CHART

Abbreviated New Drug Application (ANDA):
This is an application to approve generic
medications. The clinical trials conducted for the
original, name-brand product do not have to be
replicated by the sponsor. Rather, producers of
generic drugs need to prove that their product is
identical to and bioequivalent to a previously
authorised brand-name product. For clinical trial
testing involving humans Studies in Phase 1
(usually involving 20-80 people) and Phase 2
(usually involving a few dozen to approximately
300 people). Phase 3 studies (usually involving a
few hundred to roughly three thousand
participants). The FDA and drug sponsors often
meet during the pre-NDA period, which comes
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right before a new drug application (NDA) is filed.
The official process by which the FDA evaluates a
drug for approval for marketing is the submission
of an NDA 8. The FDA has sixty days from the
date of receipt of an NDA to determine whether to
file it for review 9. An FDA review team is tasked
with assessing the sponsor's safety and efficacy
studies if the FDA files the NDA. Information
included on a drug's professional label which
provides instructions on how to use the medication
is reviewed by the FDA. As part of the approval
process, the FDA inspects the manufacturing
facilities for the drug. FDA reviewers will approve
the application or find it either “approvable” or
“not approvable”
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It’s an application made for approval of Generic
Drugs. The sponsor is not required to reproduce the
clinical studies that were done for the original,
brand name product.
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Instead, generic drug manufacturers must
demonstrate that their product is the same as, and
bioequivalent to, a previously approved brand
name product.

Applicant

L

ANDA

o
Review by OGDICDER

Bioequivalence Review Chemistry/ Micro Review

Request for Plant Inspection Labelling Revien
Blocquivalence Chemistry Micra
Review Labellimg Revbew

Acceptable Acceptabie?

l\n \..l
Bisequivalence Preapprova Not Apprenable
Deficiency Letter | Imapection Letter

Acceptable

ANDA Approved

Refuse to File Letter Issued

Approral deferred
pending satisfactory
el

FIG. 10: GENERIC DRUG (ANDA) REVIEW PROCESS

Drug Approval Processs in Europe:

National Authorization Procedure: Every EU
nation has its own protocols for approving a new
drug's application for marketing. To learn more
about the approval procedure, a sponsor can visit
the website of the regulatory body in each nation
where it wants to get marketing approval. By
employing the decentralised or mutual recognition
process, a sponsor can also simultaneously request
approval from multiple EU nations.

1. The Nationalized procedure is one which
allows applicants to obtain a marketing
authorization in one-member state only.

2. In order to obtain a national marketing
authorization, an application must be submitted
to the competent authority of the Member State.

International Journal of Pharmaceutical Sciences and Research

3. New active substances which are not mandatory
under Centralized procedure can obtain
marketing authorization under this procedure.

4. Timeline for this procedure is 210 Days.

Decentralized Procedure: Sponsors may submit
under the decentralised procedure for products that
are not covered by the European Medicines
Agency's (EMA) centralised procedures. Through
this procedure, a sponsor can submit applications
for concurrent authorization in multiple EU
member states for goods that are not yet authorised
in any EU member state. The process of mutual
recognition ¥’. A product is first authorised by one
EU member state in line with that nation's national
procedures before being recognised by other EU
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members states under the mutual recognition
procedure. Later, additional marketing
authorizations may be requested from other EU
nations that consent to recognise the first nation's
decision rather than carrying out their own review.
By using this process, businesses can
simultaneously apply for authorization for products
that haven't been approved in multiple EU
countries. Approved in every nation within the EU
and basically do not fit under the purview of the
centralised process' necessary medication list.
According to the evaluation report, which is
produced by the RMS and any feedback received
Marketing authorization must be granted by the
CMS. Awarded in line with the judgement made in
this decentralised system by the RMS & CMS
protocol.

e Generally used for those products that has not
yet received any authorisation in an EU country

e Time: 210 days.

Centralized Procedure: The European Medicines
Agency is in charge of overseeing drug approvals
in Europe. With its headquarters located in London,
England, the EMA is a decentralised entity within
the EU. It is in charge of conducting the scientific
review of applications for permission to sell
pharmaceuticals in Europe (through the centralised
procedure). The Committee for Medicinal Products
for Human Use (CHMP) reviews marketing
applications for pharmaceuticals intended for
human use. The following requirements must be
satisfied for products to be eligible for review
under the centralised procedure.

1. Biologic drugs developed by recombinant
technology, controlled expression of genes
coding for biologically active proteins in
prokaryotes and  eukaryotes including
transformed mammalian cells, and hybridoma
and monoclonal antibody methods medicinal
products containing new active substances for
the following indications: AIDS, cancer,
neurodegenerative disorders, diabetes,
autoimmune diseases and other immunedys
functions, and viral diseases.

2. Orphan medicinal products other new active
substances may, at the request of the applicant,
be accepted for consideration under the
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centralized procedure when it can be shown
that the product constitutes a significant
therapeutic, scientific or technical innovation,
or the granting of a community authorization is
in the best interests of patients at the
Community level.

The centralized procedure is one which allows
applicants to obtain a marketing authorization that
is valid throughout the EU.

Results in a single authorization valid in EU,
Norway, Iceland and Liechtenstein.

e Application
Rapporteur.

evaluated by an assigned

e Timeline: EMA opinion issued within 210
days, and submitted to European Commission
for final approval.

Centralized Process is Compulsory for:

e Those medicines which are derived from any
biotechnology processes, such as genetic
engineering.

e Those medicines which are intended for the
treatment of Cancer, HIV/AIDS, diabetes,
neurodegenerative disorders or autoimmune
diseases and other immune dysfunctions.

e Medicines officially designated 'Orphan
medicines' (medicines used for rare diseases).

CHMP provides 7 Asscssment report from
comments (Day 115) (co)-Rappoteur (Day 70)

> [ Start of Procedure (Day 1) ]

applicant list of questions

= ™
CHMP forwards 10 [
(Day 120) Stop Clock

Submission of response by
apphcant (Day 121)

N
[ Comments by .

-
Joint assessment report from
CHMP (Day 170)

(co)-rappoteur (Day - 150)
\

. | Oral explanation by applicant ]

explanation by ¢ (Day 181) Restart Clock

apphicant (Day 180) )

CHMP opinion 4
(Day 210)
.

-
CHMP Decision on
need of oral

f§ Fmal Draft of english

SPC, leaflet & labelling by
applicant to <O rappotcur,
EMEA. CHMP (Day 185)

FIG. 11: FLOW CHART OF CENTRALIZED
PROCEDURE %
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Mutual Recognition Procedure: Through the
Mutual Recognition process, candidates can get a
marketing authorization in the other Concerned
Member States (CMS) less than the member state
of reference (RMS), where the medication has prior
approval.

% Applicant submits identical dossier to all EU
member states in which they want marketing
authorization, including required information.

s As soon as one Member State decides to
evaluate the medicinal product (at which point

E-ISSN: 0975-8232; P-ISSN: 2320-5148

it becomes the "RMS"), it notifies this decision
to other Member States (which then become the
"CMS"), to whom applications have also been
submitted.

% RMS issues a report to other states on its own
findings.

%+ Generic industry is the major user of this type
of drug approval procedure.

¢+ This process may consume a time period of 390
days %%,

[ Applicant submits application to the RMS & CMS

[ RS validates the application |

90 Days

RMS distributes assessment report to CMS

CMS Validates the application

90 Days

CMS approves the assessment report

Marketing authorization in each of the CMS

FIG. 12: FLOW CHART OF MUTUAL RECOGNITION PROCEDURE *

Pre-submission Process: A sponsor is required to
notify the EMA of their intention to submit, along
with the month of submission, at least seven
months in advance of submitting a marketing
authorization application (MAA). This pre-
submission consists of several documents, one of
which is a statement from the sponsor explaining
why the application should be submitted through
the centralized procedure. After reviewing the pre-
submission, the EMA will decide whether to accept
the MAA and will let the sponsor know.

Selection of Rapporteur/co-rapporteur: Within
the EU, the rapporteur is a regulatory body with
national jurisdiction. The CHMP members
designate the rapporteur (reviewer) and co-
rapsporteur (if necessary). The rapporteur is chosen
using objective standards in order to guarantee
impartial scientific advice and optimal utilization of
the EMA's expertise. Completing the scientific
evaluation and preparing an assessment report for
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the CHMP are the responsibilities of the rapporteur.
If a co-rapporteur is engaged, the CHMP may
choose to have the co-rapporteur either create an
independent assessment report or offer a critique of
the rapporteur's report. The appointment of a
rapporteur or co-rapporteur is typically started
during the CHMP meeting after a letter indicating
the intention to submit is received. The sponsor is
notified of the rapporteur/co-rapporteur once the
EMA has deemed a submission admissible.

The Drug Approval Process in Japan: Beyond
language barriers Japan's drug licensing process is
simpler and less complicated than in some other
nations. Apart from regulatory aspects, the PMDA
provides sponsors with advisory services to help
them understand the requirements and complicated
procedures of medication approval *. This is a
good development, as many manufacturers decide
to register and market their medications in Japan.
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One of the biggest markets in the world for
pharmaceuticals is Japan. A study projects that the
Japanese pharmaceutical market would grow
between 2022 and 2027 at a CAGR of 1.06%. The
gross domestic product (GDP) of Japan is
estimated to be $5 trillion. Including over-the-
counter drugs, the market value is estimated by the
Ministry of Health, Labour and Welfare (MHLW)
to be at $95 billion.

Numerous study papers indicate that the nation's
market for pharmaceuticals and medical equipment
will keep expanding. Experts claim that this
happens because of the aging population that is
happening so quickly and the necessity for new
drugs to treat related illnesses. Approximately 35%
of Japan's prescription drug imports come from the
US, and this need grows daily.

Regulatory authority for drug approval in Japan:

In Japan, the two main regulatory bodies that
examine and approve medications and medical
equipment are

e Pharmaceuticals and Medical Devices Agency
(PMDA), and

e Ministry of Health, Labour, and Welfare

(MHLW).

Pharmaceuticals and Medical Devices Agency
(PMDA) services:

PMDA provides the following services in drug
regulatory:

v" Consultation

v" Pharmaceutical affairs consultation on R&D
strategy

Clinical trial consultation
Regulatory review
Pre-market review
Re-examination
Re-evaluation

Use-results evaluation

DN N N N Y N N

GLP/GCP/GPSP compliance assessments
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v" GMP/QMS/GCTP inspections

v’ Standards development

v' Safety measures

v Relief services for adverse health events

Who can Apply for Drug Approval: Medical
products can be registered, imported, and marketed
in the Japanese market by a competent local entity
that possesses a Marketing Authorization Holder
(MAH) or a Designated Marketing Authorization
Holder (DMAH).

How can a foreign manufacturer market drugs in
Japan?

The following requirements must be met by foreign
producers in order for their medications and
medical equipment to be approved for sale:

Foreign Manufacturer Accreditation (FMA):

e A foreign manufacturer is a single foreign
business that plans to produce pharmaceuticals,
quasi-pharmaceuticals, cosmetics, or medical
equipment and then import them into Japan.

e To market their goods in Japan, foreign
producers must first receive a Foreign
Manufacturer Accreditation (FMA) from the
Ministry of Health, Labour, and Welfare.

Foreign Restrictive Approval:

e It is conceivable for international
pharmaceutical producers to submit a straight
application for market approval under their own
names.

e In addition to other mandatory processes,
foreign producers must conduct clinical trials to
prove the efficacy, safety, and quality of the
medications they are sending to Japan.

The Investigational New Drug (IND) approval
process in Japan:

e Because the Japanese regulatory body uses the
Common Technical Document (CTD) format
for drug applications, applicants must prepare
their IND applications and supporting
documentation using the CTD format.
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e The applicant may arrange a pre-IND
consultation with PMDA prior to submitting an
application, since these meetings aid in
guaranteeing a faultless and efficient IND
application procedure.

e While follow-up IND consultations might only
take 14 days, initial consultations might take up
to 30 days. The PMDA assesses the preclinical

E-ISSN: 0975-8232; P-ISSN: 2320-5148

data, clinical study protocols, and other relevant
documentation after the applicant's application.

e The applicant is required to promptly answer
any questions posed by the PMDA during the
evaluation. The Institutional Review Board
(IRB) must be consulted for approval after the
PMDA has finished its review.

Investigational New Drug (IND) Approval Process Flow:

Basic investigation
Screening tests [
Study of manufacturing techniques/formulation and pharmaceutical research

| Physiochemistry, Toxicity on GLP, Pharmacology & Pharmacokinetics |

| Evaluation of Non-Clinical studies |

Clinical Trial
Notification to PMDA

Receipt of Notification |

| Review of Notification |

4
[ Guidance on Investigation Required ]

FIG. 13: INVESTIGATIONAL NEW DRUG (IND) APPROVAL PROCESS FLOW *®

New Drug Application (NDA) approval process
in Japan: The PMDA receives the applicant's New
Drug Application (NDA) paperwork in order to
approve them for sale.

After reviewing the application, the PMDA may
decide to set up a face-to-face meeting with the
applicant if they think it is required.

The applicant must discuss and respond to the
PMDA's questions during the meeting, and the
PMDA reviewer will create a review report
following the in-person meeting. The PMDA
arranges an Expert Discussion if the review reveals
any important problems. It entails a conversation

International Journal of Pharmaceutical Sciences and Research

about the suggested critical issue between the
external expert and the PMDA reviewer. Following
evaluation, the specialists provide the findings and
GMP conformance inquiry reports to the Ministry
of Health and Labor Welfare (MHLW). The
MHLW, the Ministry of Health and Labor Welfare,
may approve the new drug application (NDA) after
consulting with the Pharmaceutical Affairs and
Food Sanitation Council (PAFSC).

The approval certificate is issued by the MHLW's
Evaluation and Licensing Division upon approval.
The PMDA provides the certification of approval
for the medications that the bureau has examined.
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Regulatory Process flow for New Drug Application (NDA) Approval:

Applicant

.

New Drug Application

The Pharmaceuticals and Medical
Devices Agency - PMDA

The Ministry of Health,
| Labour and Welfare - MHLW

1

a=»

¥ Consultation

Advice

- CREDEVO
—

Pharmaceutical Affairs and Food
___Sanitation Council - PAFSC

FIG. 14: REGULATORY PROCESS FLOW FOR NEW DRUG APPLICATION (NDA) APPROVAL *®

Complete Overview of the Approval Process in Japan:

+ CREDEVO Application
[ Compliance Review l
Pharmaceutical Affairs s arcal B
1 Food Sanit < S0suRotion
Council [ GMP Review ]
Experts v
Enquiry
Evaluation Committees va::;'\gln N s e WL
Pharmaceutical Affairs Res X Licencing (Final Evaluation)
esponse
Section >

FIG. 15: COMPLETE OVERVIEW OF THE APPROVAL PROCESS IN JAPAN

CONCLUSION: Scientists whose work may be
crucial in determining the method to appropriately
design their research report for the effective
translation of preclinical research to human
subjects can benefit from a brief summary of the
drug discovery and development process.

The needs of the market at the time, academic and
clinical research, the business world, etc., could
have all contributed to the idea for the drug's
discovery and development. Each country's laws,
rules, and regulations pertaining to the
pharmaceutical sector must be followed in order to
regulate the marketing of medications. This article
contains information about medications, their
development, and the regulatory agencies in
Europe, Japan, the USA, and India.
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