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Abstract— Drug discovery is a process which objects 

to recognizing a compound therapeutically useful in 

preventing and treating diseases. Drug discovery and 

development studies that add to solving any of the 

many scientific and processing issues involved in the 

development process can improve the competence of 

the process. This method involves the recognizing of 

nominees, synthesis, characterization, validation, 

optimization, screening and bio-assays for 

therapeutic value. Once a new entity or compound 

has shown its impact in these investigations, it will 

primary the process of drug development prior to 

clinical trials. The development of a drug from an 

initial idea to its entry into the market is a very 

multifaceted process which can take around 11 to14 

years and cost US $1 billion to $2billon. On an 

average, a million molecules screened but only a 

single is discovered in late stage of clinical trials and 

is finally available for patients. This article gives a 

short blueprint of the cycles of new drug discovery 

and development. 

 

Index Terms— Drug discovery; Drug development; 

Clinical research; Clinical trials 

 

I. INTRODUCTION 

 

Drug development process involves rigorous testing 

and optimization of selected compounds to identify the 

drug that is most effective. This testing is done in cells 

(in vitro) and in animals (in vivo) to study the 

metabolism and to produce a product that is safe and 

has passed all regulatory requirements. Drug’s failure 

in clinical practice is due in large part to two main 

reasons. The first reason is if they do not work 

properly and the second reason is, if they are not safe. 

The two most important issues to address in drug 

invention processes are; to identify a target and 

validation. This may be a protein receptor that is 

associated with a disease condition, for this reason, it 

is important to know how the disease occurs at the 

molecular, cellular and genetic levels. Once the target 

is identified, then the next step is how the target plays 

a role in the disease process. This is carried out by 

testing the target against different known and new 

compounds to know either one or several compounds 

that interact with the target and show either to 

neutralize or slow down the disease process.[1] 

The average cost for research and development for 

each efficacious drug is likely to be $1billion to 

$2billion. For every 5,000-10,000 compounds that 

enter the investigation and development pipeline, 

ultimately only one attains approval. These statistics 

challenge imagination, but a brief understanding of the 

R&D process can explain why so many compounds 

don‘t make it and why it takes such a large, lengthy 

effort to get one medicine to patients. [2]. The Success 

requires immense resources the best scientific and 

logical minds, highly sophisticated laboratory and 

technology; and multifaceted project management. It 

also takes persistence and good fortune. [3] 

 

Stages of drug discovery and development include: 

1) Pre discovery 

• Target identification 

• Validating drug targets 

• Identification of lead 
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• lead optimization 

• Product characterization 

• Formulation and development 

 

2) Preclinical research 

• Investigational New Drug 

3) Clinical trials 

 

II. PRE DISCOVERY 

 

There are many different steps in the Drug Discovery 

process. The main purpose of this practice is to 

confidently select strong candidates by reducing the 

large initial number of compounds as we move down 

the ladder. There are a few different ways these 

candidates can be reduce 

 

III. TARGET IDENTIFICATION 

 

Identifying a biological target that is ‘druggable’ – a 

target is termed ‘druggable’ if its activity (behaviour 

or function) can be modulated by a therapeutic – 

whether it be a small molecule drug, or biologic. 

Proteins and nucleic acids are both examples of 

biological targets. But what makes a ‘good’ target? 

Properties of a promising drug target… 

• The target has a confirmed role in the 

pathophysiology of a disease and/or is disease-

modifying. 

• Target expression is not evenly distributed 

throughout the body. 

• The target’s 3D-structure is available to assess 

druggability. 

• The target is easily ‘assayable’ enabling high 

throughput screening. 

• The target possesses a promising toxicity profile, 

potential adverse effects can be predicted using 

phenotypic data. 

The proposed target has a favourable intellectual 

property (IP) status. (Relevant for pharma 

companies).[4] 

 

VALIDATING DRUG TARGETS: 

Target validation is the process of demonstrating the 

functional role of the identified target in the disease 

phenotype. [5]. whilst the validation of a drug’s 

efficacy and toxicity in numerous disease-relevant cell 

models and animal models is extremely valuable – the 

ultimate test is whether the drug works in a clinical 

setting. [6,7] 

Identification of lead  

This is the next step after Target Validation. Molecules 

that comply with the desired activity and can 

potentially interact with the drug target are called 

“hits”. The identification of these molecules is carried 

out during High Throughput Screening (HTS) 

processes. During these studies, important properties 

such as potency or selectivity of the new drugs are 

provided as the basis for moving forward to the next 

level in the Drug Discovery path. 

HIT TO LEAD  

This stage is also known as lead generation and the 

molecules coming from the High Throughput 

Screening are selected for Lead Optimization. During 

lead generation, drug properties such as potency, 

selectivity, solubility or stability are analysed and 

improved to pave the way to Lead Optimization.  

Lead Optimization 

Once a lead compound has been identified from the 

previous steps, several events take place during the 

Lead Optimization process, including refined 

synthesis and characterization of the promising 

compound and the study of its different properties. By 

slightly modifying the chemical structure of the 

molecules, potential future adverse events may be 

minimized.  Among these properties, it is important to 

study the selectivity and specificity of the molecule to 

the target of choice and to evaluate its binding 

properties.  

Identification and quantification of drug metabolites is 

an important part of the Lead Optimization process. 

This can also contribute to show potential toxic effects 

in subsequent clinical trials. Potential safety concerns 

about some lead compounds can be addressed at this 

stage by modifying or reducing deficiencies in its 

structure. Other properties that are favourable are 

meant to be maintained during this phase. Some 

advanced tools to study the metabolites found inside 

the tissues include mass spectrometry (MALDI) and 
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nuclear magnetic resonance (NMR) fragment-based 

screening (FBS) tools. These modern automated 

screening systems are often employed by 

pharmaceutical companies during these Drug 

Discovery processes. At the end of the Lead 

Optimization phase, important key points during the 

development of a new drug are investigated. Among 

these key points, the efficacy, potency, toxicity, 

stability, bioavailability and route of optimization of 

the chemical compounds or biologics are accurately 

characterized before entering into Clinical Trials. 

Lead Optimization may include in vitro and in 

vivo studies that might shed light to metabolic 

processes using pharmacokinetic and 

pharmacodynamic approaches. One problem 

associated with cell-based and biochemical screens is 

that some important effects that have to do with 

toxicity or in vivo drug effects may be missing. An in 

vivo model can show up the modulation of a cell niche 

by a particular drug, rather than the target cell-type 

directly. [8]  

Product Characterization  

When any new drug molecule shows a promising 

therapeutic activity, then the molecule is characterized 

by its size, shape, strength, weakness, use, toxicity, 

and biological activity. Early stages of 

pharmacological studies are helpful to characterize the 

mechanism of action of the compound. 

 Formulation and Development 

 Pharmaceutical formulation is a stage of drug 

development during which the physicochemical 

properties of active pharmaceutical ingredients (APIs) 

are characterized to produce a bioavailable, stable and 

optimal dosage form for a specific administration 

route. 

Pre-clinical studies 

Pre-clinical research in drug development process 

involves evaluation of drugs safety and efficacy in 

animal species that conclude to prospective human 

outcome. The pre-clinical trials also have to acquire 

approval by corresponding regulatory authorities. The 

regulatory authorities must ensure that trials are 

conducted in safe and ethical way and would give 

approval for only those drugs which are confirm to be 

safe and effective. ICH has established a basic 

guideline for technical necessities of acceptable 

preclinical drug development.[9] 

The pre-clinical trials can be conducted in two ways: 

General pharmacology and Toxicology. 

Pharmacology deals with the pharmacokinetic and 

pharmacodynamic parameters of drug. It is essential to 

explore unwanted pharmacological effects in suitable 

animal models and monitoring them in toxicological 

studies. Pharmacokinetic studies are very important to 

make known the safety and efficacy parameters in 

terms of absorption, distribution, metabolism and 

excretion. These studies give information on 

absorption rate for diverse routes of administration, 

which helps in selection of dosage form, distribution, 

rate of metabolism and elimination; which governs the 

half-life of the drug. Half-life of the drug clarifies the 

safety outline of the drug which is the obligatory for a 

drug to get approved by regulatory agencies. The drug 

distribution mechanism elucidates the therapeutic 

effectiveness of the drug as it depends on the drugs 

bioavailability and its affinity. Drug metabolism 

provides the probability of through phases of 

biotransformation process and formation of drug 

metabolites. It also helps in understanding the 

reactions as well as enzymes involved in 

biotransformation. [10] 

Toxicological studies of the drug can be performed by 

invitro and in-vivo test which evaluate the 

toxicological effects of the drug. In-vitro studies can 

be performed to inspect the direct effects on cell 

proliferation and phenotype. In-vivo studies can be 

performed for qualitative and quantitative 

determination of toxicological effects. As many drugs 

are species specific, it is essential to select appropriate 

animal species for toxicity study. In-vivo studies to 

evaluate pharmacological and toxicological actions, 

including mode of action, are often used to support the 

basis of the proposed use of the product in clinical 

studies. [11] 

Investigational New Drug Application 
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INDA is applied after the Preclinical studies show 

success and if the INDA submission is accepted the 

product is further forwarded to the clinical research 

studies (Phase I - Phase IV studies) [12] 

 

CLINICAL TRIALS 

While preclinical research answers basic questions 

about a drug’s safety, it is not a substitute for studies 

of ways the drug will interact with the human body 

[13] . “Clinical research” refers to studies, or trials, 

that are done in people. As the developers design the 

clinical study, they will consider what they want to 

accomplish for each of the different Clinical Research 

Phases and begin the Investigational New Drug 

Process (IND), a process they must go through before 

clinical research begins [14-17]  

DESIGNING CLINICAL TRIALS 

Researchers design clinical trials to answer specific 

research questions related to a medical product. These 

trials follow a specific study plan, called a protocol 

that is developed by the researcher or manufacturer 

[18-21]. Before a clinical trial begins, researchers 

review prior information about the drug to develop 

research questions and objectives [22]. Then they 

decide:  

 

• Who qualifies to participate (selection criteria)  

• How many people will be part of the study?  

• How long the study will last  

• Whether there will be a control group and other ways 

to limit research bias  

• How the drug will be given to patients and at what 

dosage 

• What assessments will be conducted, when, and 

what data will be collected 

• How the data will be reviewed and analysed Clinical 

trials follow a typical series from early, small-scale     

   Phase 1 studies to late-stage, large scale Phase 3 

studies [23-26]  

 

 

PHASE STUDIES: 

 

Phase 1 (First in Humans) 

Trail Design: 

Patients: 20 to 100 normal healthy volunteer subjects 

in a single centre with no benefit to the subjects.  

Duration of study: Short – Days to several weeks or 

months  

Type of study: Open label (No Placebo or comparative 

agent), uncontrolled, single or multiple doses [27-30]. 

Purpose: 

 • Mechanism of action (ADME) and PK/PD studies 

 • Pharmacological effect 

 • Tolerability, side effects and toxicity at different 

doses 

 • Early evidence of efficacy 

 • Evaluates safety – Identify most likely potential 

toxicities and most likely dosage range Percentage of 

Drugs   

    that Move to the next Phase 70% [31] 

 

 

Phase 2 (Therapeutic Exploratory) 

Trail Design: 

Patients: several hundred (100-300) patients with the 

targeted disease/condition. 

Length of Study: Several months to 2 years 

Type of study: Randomized, placebo or active control, 

parallel double blinded study, single or multiple doses, 

multicentre [32] . 

 

 Purpose:  

• Dose range finding (Minimum and maximum 

effective dose) [33]  

• Effectiveness for the treatment of the disease or 

condition for which the drug is intended to use  

• Maximum Tolerated Dose (MTD)  

• Common short time side effects and risks 

• Pharmacokinetics 

   Percentage of Drugs that Move to the Next Phase 3 

[34]  

 

Phase 3 (Therapeutic Confirmatory) – Pivotal Trails 

Trail Design: 

Patients: Several 1000 to 3,000 patients with the 

targeted disease/condition [35,36] . 

Length of Study: 1 to 4 years 

Type of study: Randomized, placebo or active control, 

parallel double blinded study, multicentre 

 

 Purpose [37]  

• Effectiveness (Large scale)  
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• Relative risk/benefit relationship 

• Long term safety information – common side effects, 

drug interactions, age/rate/gender differences  

• Dosing (for labelling)  

• Assessment of safety and efficacy Percentage of 

Drugs that Move to the Next Phase 25-30%  

 

After completing the phase III trails the application is 

filed with the concerned regulatory bodies seeking 

permission for marketing and after the regulatory 

bodies grant the required approval, the product is 

launched into the market [38-40]  

 

Phase 4 (Post-Marketing Therapeutic Use) 

Trail Design  

Patients: Several hundred to thousand patients with the 

disease/condition. 

Type of study: Randomized, Placebo or active control, 

Multicentre 

 

 Purpose  

• Perform Quality of Life Trails (QOL) trails 

• Perform pharmacoeconomic trails – Is the drug more 

effective that other available treatments  

• Collection of long-term safety information – 

Epidemiological studies for safety and additional        

surveillance for unexpected or rare adverse effects  

• Add line extensions – New dosage forms and 

formulations 

 

CONCLUSION 

 

New drugs are an important part of modern medicine 

with the emergence of diseases. A few decades ago, a 

disease such as peptic ulcers were an indication for 

major surgery [43]. The advent of new pharmacologic 

treatments and introduction of novel medications have 

reduced the serious complications of peptic ulcer 

disease. Similarly, thanks to many new antiviral 

medications with which the outlook for HIV-infected 

patients has improved. It is important that physicians 

understand the process of drug discovery and 

development [44]. Understanding the process can 

promote innovation, help physicians assess new 

products, underline the importance of reporting 

adverse drug events and provide physicians with the 

information to educate patients about participating in 

a clinical trial [45] 
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