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Abstract 
The development of new drugs is expensive and 

time-consuming, with later-stage clinical trials 

leading to high expenses. Herein, we examine the 

cases of recent late-stage drug failures to determine 

which drugs failed due to a lack of scientific 

innovation as well as those we feel might have 

avoided failure had different strategies been 

pursued. From this analysis, the important 

considerations for effective drug development 

become clear. These include an understanding of the 

pathophysiologic mechanism of the disease in 

question, its molecular targets, and their 

pharmacological activity in terms of safety and 

efficacy, as well as its pharmacokinetics and optimal 

dosage. Early stage studies should be planned to 

provide answers to important questions, but with an 

emphasis on knowledge gathering during the earlier 

stages of development rather than Phase 3 being 

used for validation purposes. 

Keywords: drug discovery and development, 

attrition, clinical trials, regulatory approval, target 

validation, financial risk, and precision medicine 

 

I. Introduction 
1.1 Background and Importance of Drug 

Development 

Drug development is the process of 

developing a new drug molecule for clinical use. In 

its broadest sense this includes all steps from the 

basic research process of identifying an appropriate 

molecular target to supporting the commercial 

launch of the drug. Only the clinical parts of this 

process are called development in a narrower sense, 

discovery is the term used for the nonclinical 

research parts. Drug discovery is very significant in 

advancing health care because it provides novel 

treatment options for diseases where there is no 

existing or effective treatment method. This will 

result in better patient survival rate and improved 

quality of life. A critical component of drug 

discovery is the thorough evaluation of toxicity 

using animal and cellular models. This is important 

because it determines whether drugs are safe enough 

to be used in humans. Drug discovery also provides 

the scientific basis for safety, quality, and efficacy, 

which form the grounds for the approval of any drug 

by authorities like the FDA.[2] 

 

1.2 High Attrition Rates in Drug Development  

Drug attrition is the term used to describe 

the high failure rate encountered by drug candidates 

undergoing clinical testing, usually due to safety 

reasons, poor efficacy, or excessive toxicity. More 

than half of all drugs in clinical trials are terminated 

because of safety problems. Apart from the 

enormous costs incurred in the process of 

developing new drugs, drug attrition has delayed the 

introduction of life-saving medicines into the 

market. In an effort to minimize attrition rates in 

clinical trials, clinical pharmacologists have 

employed various quantitative methods such as 

PK/PD models.[3] 

 

1.3 Objectives and Scope of the Review 

This  review aims to provide a clear and 

evidence-based overview of the major reasons for 

the failure of drug development for pharmaceutical 

science professionals and students in pharmacy 

schools. The scope of this article ranges from 

preclinical to post-clinical drug development and 

considers problems that relate to manufacturing, 

science, finances, regulation, and the external 

market. This analysis also outlines innovations in 

technologies and methods that can be useful in 

reducing the attrition rate in the future. 
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II. Overview of the Drug Development 

Process 
2.1 Drug Discovery and Preclinical Research 

Preclinical studies are conducted using a 

design that mimics conditions that will prevail 

during the clinical trial. It entails using an 

appropriate model as well as performing statistics to 

determine whether the findings of a study are valid. 

Designing a study also entails choosing an 

appropriate sample size, study duration and end-

points that reflect the safety and efficacy of a 

particular drug.Toxicity studies examine reactions to 

higher doses of a drug and activity or pharmacology 

studies examine the effect of it on treating a 

disease.[4] 

 

2.2 Clinical Development Phases (Phase I–III) 

The clinical trial procedure is the way 

through which scientific advancement is attained 

when it comes to drug treatments in humans.The 

major principle involved in the clinical trial process 

involves ensuring the safety of subjects within 

clinical trials. Each phase of the clinical trial 

procedure is concerned with testing the safety of the 

subjects alongside specific objectives. 

Pharmaceutical companies sponsor clinical trials of 

medical drugs, while at the same time making 

application for the approval by FDA after 

completion of Phase 3 trials. In Phase 4, 

investigations are carried out regarding infrequent 

adverse effects and effectiveness of drugs. Clinical 

trial process takes between 10 to 15 years from start 

until drug registration.[5] 

 

2.3 Regulatory Approval and Post-Marketing 

(Phase IV)  

Phase IV is not synonymous with post-

marketing surveillance (PMS), although all post-

marketing surveillance studies are phase IV studies. 

Phase IV studies also play an important role in drug 

development. Specifically, in the context of real-

world drug effectiveness, the phase IV study design 

represents a complement to the clinical efficacy data 

obtained from pre-market randomized controlled 

trial (RCT). The safety profile of any drug can only 

be known for sure from a post-marketing 

surveillance program involving spontaneous adverse 

event reporting and analysis as well as non-

interventional phase IV studies.[6] 

 

2.4 Timeline, Cost, and Success Rates 

It is well established that the costs 

associated with drug R&D, as well as the time 

required for developing a new drug, have risen 

during the last few decades. In turn, this resulted in 

the continuous decline in R&D efficiency, which is 

determined by the amount of money spent per one 

drug project. Given that innovation is the key factor 

for growth in the pharmaceutical sector, information 

regarding R&D efficiency and solutions to existing 

problems become of great importance.[7] 

 

III. Epidemiology of Drug Development 

Failures 
3.1 Attrition Rates Across Phases 

Many firms decided to invest in developing 

departments for the identification of drug 

metabolism and pharmacokinetics, where 

weaknesses of compounds could be overcome 

during lead optimization. The primary reason for 

attrition continued to be lack of efficacy. It is 

believed that currently attrition rate in Phase II 

represents the largest attrition rates in all phases, 

with some statistics suggesting as many as 66% of 

candidates being abandoned. Similar to other 

biological sciences that have to deal with population 

studies, drug discovery and development in the 

clinical phase face the issue of signal versus 

noise.[8] 

 

3.2 Therapeutic Area Variability  

There is considerable variability in success 

rates and time frames based on the therapeutic areas 

involved. According to Kaitin, 

neuropharmacological drugs take 10.8 years and 

have a 14% success rate while oncology drugs take 

9.3 years and have just 8% success rate. In 

Cummings et al., there is a reported remarkably low 

success rate of 0.4% (failure rate of 99.6%) in 

Alzheimer's disease drug development over the 

period of 2002-2012.[9] 

 

3.3 Historical Trends and Recent Data 

There have been a number of major 

milestones in drug design science that helped 

establish this method as the primary one in the 

contemporary and upcoming practice of drug 

discovery . In its turn, this hypothesis has been 

repeatedly verified by X-ray crystallography and 

molecular docking approaches, and nowadays it is 

evident that ligands do indeed take up specific 

conformations when binding.[10]In 2019, the 

pharma industry invested a sum of $83 billion in 

research and development. These expenditures 

ranged from the search and examination of new 

pharmaceutical products to the further development 

of existing ones in a form of product extensions, as 

well as their clinical trials performed for safety 
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assessment or marketing purposes. This sum is 

about ten times larger compared to annual 

expenditures in the 1980s when adjusted for 

inflation.[11] 

 

IV. Scientific Drivers of Drug Development 

Failures 
4.1 Lack of Efficacy  

With the consideration that about 40-50% 

of clinical failures of drug discovery programs are 

attributed to lack of clinical efficacy, great emphasis 

has been placed on improving efficacy of the drugs 

in both preclinical and clinical studies The real 

differences make the development of a first-in-class 

drug difficult. During drug screening, both 

computational screening and HTS of chemicals have 

been done to choose the right scaffolds to prevent 

any nonspecific binding to the targets.[12] 

 

4.2 Safety and Toxicity Issues 

Identifying the mechanisms involved in the 

toxicity of drugs is one of the key steps towards 

enhancing drug safety testing by providing a 

foundation for mechanism-based risk assessment. 

However, although there have been decades of 

studies into mechanisms of drug-induced toxicity 

and the use of different technologies in preclinical 

safety evaluation, the overall effect on preclinical 

drug testing remains minimal. The assessment of 

risk associated with human exposure to novel drugs 

is still dependent on preclinical testing in animal 

models, which in many instances, but not all, 

correlate well with results obtained from humans. 

Targets for the implementation of innovative 

technologies such as in silico screening, biomarkers, 

surrogate tests and ‘omic technologies are discussed. 

Improvement of drug safety testing will involve 

enhancement of the implementation of mechanism-

based risk assessment as well as improvement in 

collaborative efforts between public and private 

institutions so that research into mechanisms of drug 

toxicity focuses on the most significant areas.[13] 

 

4.3 Poor Target Validation  

Target validation is the process by which 

suitable targets are identified and validated for 

developing drugs for treatment. The most useful role 

of high content screening in target validation is in 

the initial steps where genetic techniques (such as 

RNAi), are used on numerous possible targets. In 

this stage, both efficiency and thoroughness are 

necessary. It is described here with various examples 

in the field of oncology target validation. The Akt 

signal transduction pathway is employed to show 

the most efficient method of selecting HCS-

compatible reagents for the development of assays. 

RNAi transfection techniques are examined. An 

HCS assay is described which quantifies the two 

nodes in the Akt pathway, namely Akt substrate 

phosphorylation and RPS6 phosphorylation. There 

is another example of an HCS assay that measures 

proliferation (DNA synthesis) and apoptosis 

(Histone H2B phosphorylation) concurrently.[14] 

 

4.4 Inadequate Biomarkers and Endpoints  

Many considerations exist in favor of using 

biomarkers in drug development. These include 

having the potential to serve as the rationale for 

choosing lead candidates, in determining or 

establishing mechanism of action or 

pathophysiology, and in working toward the 

qualification and use of a biomarker as a surrogate 

endpoint. Examples of biomarkers vary greatly in 

terms of how they are measured clinically or in the 

laboratory. An example of an important biomarker 

that served as a surrogate endpoint and is clinically 

significant is total cholesterol level. Most 

biomarkers need to be validated before being used 

in a study setting. Biomarker assay validation is 

crucial in generating high quality data in support of 

biomarker research. Qualification of a biomarker is 

essential for its use as a surrogate endpoint. Putative 

biomarkers are identified owing to their relevance to 

specific steps in the pathophysiology cascade.[15] 

 

4.5 Translational Gaps from Preclinical to 

Clinical Studies 

Drug discovery and development is indeed 

a tedious and costly process taking almost 10-15 

years and an approximate cost of $1-$2 billion to 

develop new compounds for clinical trials. Non-

clinical tests are basically done under basic science 

experiments which mainly focus on evaluating the 

safety and tolerability of drugs. During the process 

of choosing a non-clinical model, it is indeed 

essential to formulate clear objectives and also 

ensure that the model chosen will suit our purposes. 

Even after spending billions on developing novel 

compounds for use, the rate at which they succeed 

in the clinical stage is rather low. In fact, nine out of 

ten candidate drugs will definitely fail in phase I, II, 

and III clinical trials. The rate of failure could 

indeed be minimized through the application of 

stringent parameters before proceeding to the 

clinical stage of drug development. "Bench to 

bedside" translational research is certainly very 

important in linking basic research with clinical 

trials. Early recognition of the drugs likely to fail 
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will certainly result in minimizing costs incurred 

during the development of such drugs.[16]  

 

4.6 Patient Heterogeneity and Disease 

Complexity 

In this view, there is an opportunity for 

using individualized networks as a new tool for 

studying diseases by means of patients’ stratification 

and thus contributing to precision medicine. We 

would like to draw attention to the significance of 

patient-to-patient heterogeneity due to both genetic 

and environmental sources and illustrate how 

individualized networks help us advance drug 

discovery and diagnostics. With the advent of 

systems biology, which implies incorporating 

multifactorial information into analyses, the point 

has been reached where biological network 

modeling becomes feasible at an individual 

resolution. With individualized networks available, 

there are numerous options for applying them to 

personalized medicine, including the identification 

of malfunctions and the choice of personalized 

therapies. In brief, precise individualized networks 

may speed up medical research since they allow one 

to study inter-individual heterogeneity and select 

personalized pharmacological targets for therapy. 

Thus, there is a need to develop varied inexpensive 

approaches to constructing such networks.[17] 

 

V. Clinical Trial Design and Operational 

Challenges 
5.1 Study Design Flaws 

Clinical trials come in different forms. The 

most basic way of conducting a trial is by giving an 

individual some medication, whereby the response 

to the medication will be measured. Some measures 

of the response include blood pressure, 

electrocardiography data, as well as the titer of any 

bacterial or viral pathogens, before and after the 

administration of the drug. 

The aim of phase I clinical trials, conducted 

using a limited number of subjects, is usually 

focused on evaluating the safety of a drug, drug 

pharmacokinetics, food influence on drug PK, the 

dosage leading to maximum efficacy, and the best 

way of administering the medication. The routes of 

administration include per os, intramuscularly, 

intravenously, subcutaneously, rectally, as well as 

inhalational administration. [18] 

 

5.2 Patient Recruitment and Retention Issues  

The recruitment of the desired number of 

subjects within the stipulated period is the major 

challenge in clinical trials in the process of new drug 

development. It results in missed deadlines in 

clinical trials, cost escalation, and time 

consumption, which are greater than in other clinical 

trial areas.Recruitment processes take 30% of 

development time and around 1.2 billion dollars are 

expended on the process.The challenges faced 

during patient recruitment often cause a delay of 

between one and six months in a large number of 

clinical trials. The rest take an even longer time to 

complete the task, hence the loss of between 

600,000 dollars and 8 million dollars per day by the 

pharmaceutical companies. Given that 11% of 

clinical sites cannot recruit any patient while 37% 

have fewer patients, the patient recruitment process 

should be given consideration beforehand and 

throughout the trial.[19] 

 

5.3 Endpoint Selection and Statistical Limitations 

End Points in clinical trials refer to the 

specific quantitative variables suggested or implied 

by the goals of the clinical trial itself. An end point 

should be a clear and definable event that is a key 

aspect of the disease process, is not subject to 

personal opinion, and can be both objectively 

quantifiable and realistically measurable. 

Dichotomous end points could include death, 

disease progression, or remission, while continuous 

end points are those whose alteration by the 

treatment effect represents the main objective of 

treatment.[20]The drug development process refers 

to the identification and development of 

therapeutically useful drugs into effective medicine 

and obtaining reliable data concerning proper drug 

dosages and dosage intervals. In light of increasing 

demands from regulatory agencies in regards to such 

endeavors, statistics plays an indispensable part in 

the drug development process. [21] 

 

5.4 Protocol Deviations and Data Quality  

The protocol deviations could negatively 

affect the quality and integrity of the data collected, 

the rights, safety, and well-being of participants, and 

the validity and reliability of the study data 

scientifically. Protocol deviations are the primary 

reasons for Food and Drug Administration (FDA) 

inspections' warning letters. Warning letters are sent 

out for violations that are likely to result in further 

action if not fixed immediately. Warning letters are 

issued to secure voluntary compliance and seek a 

response to their request for corrections. The FDA 

will begin proceedings to remove the clinical 

investigator of any authority to receive an 

investigational drug/biologic, if such investigator 

was found repeatedly or purposely in violation of 



 
 

  

International Journal of Pharmaceutical research and Applications 

Volume 11, Issue 3, May-June2026, pp:1365-1379 www.ijprajournal.com ISSN:2456-4494 

                                      

 

 

 

DOI: 10.35629/4494-110313651379   | Impact Factor value 7.429  ISO 9001: 2008 Certified Journal  Page 1369 

the regulatory requirements or provided 

intentionally or repeatedly false information to the 

sponsor/FDA in the required reports. During the 

inspection, the regulators will verify the 

documentation and reporting of any protocol 

deviation.[22] 

 

5.5 Role of Adaptive Trial Designs  

Development of new drugs in clinic is a 

lengthy and expensive process, and there is a 

necessity for developing solutions that could make 

this process shorter and more efficient. With its 

application of flexibility in design of clinical trials, 

adaptive design helps to achieve this goal by 

allowing drug development decisions to be reached 

in a more rapid manner.In spite of any possible 

difficulties that arise, the perspective of such an 

innovative approach to drug development should not 

be overlooked. Risk control of type 1 error and other 

possible operational risks inherent in this strategy 

becomes critical when talking about later phases of 

drug development. Nevertheless, owing to some 

new developments in methodology, this problem can 

be effectively solved, and the future belongs to the 

adaptive design of drug trials. [23] 

 

VI. Financial Drivers of Drug Development 

Failures 
6.1 High R&D Costs and Budget Constraints 

There is an unmet need for novel 

pharmaceuticals in many countries particularly in 

the treatment of cancers, immunologic diseases, and 

orphan diseases. There are increasing difficulties in 

financing new pharmaceuticals due to escalating 

drug prices and increased pharmaceutical volumes 

due to increasing diseases that include infectious 

diseases and non-communicable diseases in many 

countries. The above situation has brought about 

innovation in new models that could effectively 

manage the introduction of new drugs, finance new 

drugs using new financial models, as well as 

prescribe drugs more efficiently. More is needed 

however. Thus, the main purpose of this research is 

to investigate possible approaches that would lead to 

optimal use of novel drugs considering rising costs 

amidst budgetary constraints.[24] 

 

6.2 Investment Risks and Return on Investment 

(ROI)  

ROI calculation is one of the many 

methods employed in analyzing the return of a 

particular product by pharma or biotech firms. In 

other words, ROI helps a firm decide whether to 

continue developing a project or product or 

terminate such activities before the company starts 

incurring any loss. ROI measures how profitable a 

particular product will be compared to the amount 

invested in its research and development. Risk 

elements are considered during ROI calculations 

through considering different aspects of profitability, 

competitor products, and the need in the market 

among others. In other words, an ROI calculation 

allows the company to determine a metric for 

assessing the project at hand. This is more effective 

than relying on profit alone because ROI calculation 

provides information about profitability, but not 

limited to that. The use of ROI in conjunction with 

SWOT analysis and other financial tools can offer 

invaluable insight to the value of projects and 

potential products under assessment.[25] 

 

6.3 Funding Gaps for Small and Mid-Sized 

Companies  

The resource limitations faced by SMEs are 

quite harsh. Drug development typically costs more 

than one billion USD for biological products 

(DiMasi et al., 2016), but European SMEs receive 

significantly fewer investment funds compared to 

American ones at late stages of development 

(McKinsey, 2019). As a result, companies are forced 

to cut corners, whether through sequencing clinical 

trials, concentrating on a single product candidate, 

deferring registrations in developing nations, or 

concentrating on outlicensing. The theory of 

transaction cost economics suggests that SMEs will 

benefit from outsourcing costly and complex 

functions such as Good Manufacturing Practice, 

regulatory submissions, and pharmacovigilance 

(Williamson, 1991). Nevertheless, this strategy is 

risky due to coordination problems and lack of 

strategic flexibility.[26] 

6.4 Market Competition and Commercial 

Viability 

By using the lowest price estimates of APIs 

reported by WHO, and by making use of published 

data of production costs per dose for ARVs, our 

estimated baseline results indicated that generic 

Indian firms would have been profitable on selling 

only one out of thirteen types of ARVs in both years 

(2010 and 2012). Likewise, our public firms could 

have been profitable selling five out of 13 

formulations in 2010, and three out of 13 

formulations in 2012. In order to obtain profits for 

public and Indian firms for selling the majority of 

their products, we needed to assume a reduction in 

API cost by 20% and 40%, respectively. Over the 

two year period (2010 to 2012), we found that - 

within the portfolio of ARVs - there was a decline of 
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about 6% to 7% in the gross margin, relative to sales 

price. Generic firms argued that the current prices 

were not sustainable. They identified important 

changes in tenders procedures, simpler procedures 

for regulatory approval, and simplifying the ARV 

guidelines, among other things.[27] 

 

6.5 Pricing and Reimbursement Challenges 

In cases where there are sufficient 

treatments, accessing such treatments could be 

difficult due to high medication prices that are not 

affordable either by individuals or by their 

communities.Making affordable, appropriate, and 

effective medications accessible to all is a 

challenging process. In order to avoid the financial 

difficulties that may result from seeking treatment 

services, including medications, and to enhance 

access to medicine, the World Health Organization 

(WHO) has been advocating for Universal Health 

Coverage (UHC). During the past few years, several 

countries have sought UHC. [28] 

 

VII. Regulatory Drivers of Drug 

Development Failures 
7.1 Evolving Regulatory Requirements  

There are several regulatory requirements 

in place in drug development, which have brought 

about a drastic change in the way new drugs are 

evaluated and approved, with patient safety being 

one of the focal points. Some of the terms 

introduced by the regulatory agencies include 

adaptive pathways, real-world evidence, and 

expedited reviews, among others. The regulatory 

requirements have also been influenced by 

digitization and global harmonization. 

Pharmacovigilance has ensured the safety of the 

drugs is handled properly.This necessitates that 

pharmaceutical organizations adopt a flexible 

approach and integrate regulatory requirements into 

their development process.[29] 

 

7.2 Stringent Approval Standards  

The drug approval and regulation 

procedure serves as an important aspect within the 

pharmaceutical industry that attempts to ensure the 

safety, effectiveness, and quality of the drug under 

market scrutiny. It also aims to compare regulation 

processes and identify existing attempts towards 

harmonization in this sphere. This research paper 

will attempt to analyze different aspects of drug 

regulation, and determine challenges posed by them 

in the process. The ultimate purpose of this research 

paper is to provide an understanding of the 

intricacies and dynamics associated with the drug 

approval process on a global scale. As far as the 

challenges facing drug approval and regulation are 

concerned, regulating this process is necessary for 

the sake of ensuring that the new drug is safe for 

consumption because the introduction of any new 

drug poses several challenges other than safety and 

effectiveness.[30] 

 

7.3 Delays in Regulatory Review  

There are certain similarities in the 

regulatory decisions regarding NASs from the 

regulatory agencies. Perhaps this could be attributed 

to the rise in the worldwide development of 

medicines in addition to the harmonization of 

regulations worldwide through the coordinated 

efforts of regulatory agencies, industries, and 

academia in recent years. However, regardless of 

whether or not it is common, there could be certain 

differences in the regulatory decisions between the 

regulatory authorities. 

The average approval time for new drugs 

has already become comparable across different 

regulatory agencies such as PMDA, FDA, and EMA 

despite the differences in the average approval time 

between the three authorities. Nevertheless, there 

could be certain drugs that require more time in the 

review process due to their questionable 

effectiveness and safety. The reason for the delay 

and difference in the review process of new drug 

applications, which could reflect the decision-

making process between regulatory agencies, is one 

of the issues in regulatory science.[31] 

 

7.4 Compliance Issues and Deficiencies  

The process of therapy is based on the idea 

that what the clinician writes as a prescription is 

what will be provided to the patient. Both industry 

and governmental bodies have established processes 

and regulations to ensure that there is quality in 

CMC for medicines, covering factors that can be 

detrimental to the well-being of patients. This 

encompasses material acceptance, manufacture, 

packaging, labeling, quality control, release, storage, 

and distribution, which are collectively referred to 

as Current Good Manufacturing Practices. Unique 

controls for ocular products involve particulate 

foreign matter control, preservation efficacy studies, 

sterility, and chemical migration from containers 

into the drug substance.[32] 

 

7.5 Role of Agencies such as US Food and Drug 

Administration and European Medicines Agency  

In America, the beginning of the 

regulations regarding the production of medical 
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devices was in 1906 when the Food and Drug Act 

came into place. Through the Food and Drug Act 

and its amendments, the authorities could stop the 

circulation of medicines that were unsafe to use and 

had false claims of effectiveness.[33]The European 

Medicines Agency (EMA) originated in 1995 in 

London. Its jurisdiction covers an approximate of 

450 million people within the EU region. The role of 

the EMA is to ensure that both humans and animals 

in the EU and the EEA regions are safe.[34] 

 

VIII. Manufacturing and Quality-Related 

Failures 
8.1 Scale-Up Challenges  

The scaling up of manufacturing processes 

in the pharmaceutical industry is an important step 

in moving new drugs from their early-stage 

development stages to full-scale production. The 

importance of this process cannot be overlooked 

since many lives depend on it, but it comes with its 

own set of difficulties. It is necessary to overcome 

these difficulties using a structured approach, and 

this is what our article is all about.[35] 

 

8.2 Process Validation Issues 

Process validation is an essential 

component of guaranteeing the quality and safety of 

products across several industries such as 

pharmaceuticals, medical devices, and biotech. It is 

the systematic collection of proof demonstrating that 

a process delivers a product with specifications that 

satisfy predetermined criteria.The definition of 

process validation may be simple; however, putting 

it into practice can be difficult. With increasingly 

high expectations in the industry, increased demands 

from regulators, and technological advancements, 

traditional process validation practices are becoming 

more difficult to conduct. Digitalization of process 

validation holds the key to overcoming many of 

these difficulties.[36] 

 

8.3 Good Manufacturing Practice (GMP) 

Compliance  

The quality and safety of cell therapy 

products (CTPs) need to be ensured in their entire 

life cycle of production and quality control (QC), 

which will allow their use for the purpose of 

patients' treatment. According to the ICH Q2 

guidelines and EU pharmacopeia, the QC process 

requires validation of the analytical procedure used 

for testing purposes. The results of such a procedure 

can serve as evidence of the accuracy, reliability, 

and precision of analytical data.[37] 

 

8.4 Supply Chain and Stability Problems  

The idea of chemical supply chains has 

been gaining more interest in the community of 

process systems engineers in recent years. One of 

the basic problems involved in the management of a 

pharmaceutical company is that of finding the best 

possible way of distributing the limited resources 

among the unlimited number of potential 

investments. In this paper, we focus on the analysis 

and optimization of three critical stages of the life 

cycle of a new pharmaceutical product, which are 

the management of the product development 

pipeline, capacity planning, and supply chain 

management.[38] 

 

IX. Data Integrity and Decision-Making 

Failures 
9.1 Poor Data Quality and Management  

Data management is vital for the effective 

and efficient process of developing drugs. This 

study focuses on the significance of implementing a 

sound data management strategy in all phases of 

drug development, from pre-clinical stages to post 

market surveillance. It explores the issues 

surrounding the large amounts of data being 

managed in today’s drug development process. The 

literature review focused on the existing data related 

to drug discovery and development, data 

management, and targets, among others. [39] 

 

9.2 Bias and Misinterpretation of Results  

However, underreporting of adverse drug reactions 

is one of the limitations that cannot be avoided when 

interpreting research conducted in 

pharmacovigilance databases. The objective of 

pharmacovigilance cannot be the exhaustiveness of 

adverse reactions; only their significance in terms of 

a risk must be taken into account. In France, the 

percentage of serious adverse drug reactions 

reported would not exceed 5%.[40] 

 

9.3 Lack of Transparency and Reproducibility  

However, pharmaceutical firms are not the only 

ones that have had challenges replicating their 

published findings. For instance, an editorial in the 

journal GigaScience published in 2015 showed that 

reproducing findings in a computational biology 

paper involved no less than 280 hours of effort 

despite using the same data sets (Kenall et al., 

2015). Moreover, a 2015 editorial in the Journal of 

Cell Biology emphasized a study that evaluated 

consistency in over 200 articles on a critical 

research question of determining the cellular origin 

of matrix-degrading proteases in four types of 
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human cancers. The findings demonstrated 

significant inconsistencies among the findings of the 

200 articles, even for those that used proper controls 

(Madsen and Bugge, 2015)[41]. 

 

9.4 Impact of Digital Systems and Big Data  

In addition, there have been many changes in the 

pharmaceutical industry over time, adapting itself to 

the different advancements made during the past 

few years of the 21st century. Two of these 

developments include AI and big data technologies 

that have brought about revolutionary changes to the 

field of drug discovery. Considering the current 

research trends, we will take a look at the power of 

such algorithms based on AI technology and their 

ability to collect, analyze, and derive information 

from large amounts of big data. It is clear that the 

future of drug discovery holds great promise in this 

regard. [42] 

 

10. External and Market-Driven Factors  

10.1 Competitive Landscape 

There are currently many changes taking place 

within the generics industry. After a time of 

unprecedented patent expirations, which began in 

the late part of the last decade, the industry will 

experience a slowdown in its growth after 2006. The 

main drivers of change in the competitive 

environment in the generics industry include the 

entry of many new firms from India, brand defense 

measures, vertical integration, and consolidation of 

firms to create industry giants without their like. In 

response to such threats, generics manufacturers 

have engaged in merger and acquisition activities. 

There are several strategies being employed in this 

regard, such as scaling up, niche formulations, 

vertical integration, and brand business 

development. [43] 

 

10.2 Changes in Clinical Practice  

The draft version E6(R3) of the Good Clinical 

Practice Guideline has been issued by the 

International Council for Harmonisation for public 

discussion. The aim of the revised guideline is to 

ensure that the new guidelines can be implemented 

in various kinds of trials and remain valid in case of 

further developments in methodology and 

technology. Version E6(R3) of the guidelines 

represents radical changes regarding the content and 

structure of the previous version E6(R2) which will 

influence all phases of the clinical trials process. 

The aspects such as principle-based, technology-

driven, ethical, and quality-driven approach of the 

revised guidelines will bring additional burdens for 

ethics committees, the investigator, and the 

sponsor.[44] 

 

10.3 Public Health Emergencies and Global 

Crises  

Clinical studies within existing regulatory 

frameworks may be impossible during a public 

health crisis. The regulatory authority is supposed to 

try and achieve a balance between ensuring as much 

access to treatment through new medications as 

possible while simultaneously collecting evidence 

about their safety and efficacy. In order to discuss 

contemporary policies, I analyze once again the 

underlying ethical reasoning behind limiting new 

medications to clinical trials, at any phase and 

involving any group of patients (based on the 

precautionary principle), and prove that its purpose 

to safeguard public health either now or in the future 

might soon become impossible to fulfill during a 

pandemic. Offering greater access to therapy and 

coordinating natural experiments, such as cluster (or 

wedged cluster) trials, might constitute an adequate 

balance in this situation. Nevertheless, several issues 

of justice have to be addressed first.[45] 

 

10.4 Patient and Physician Acceptance 

Patient Focused Drug Development 

(PFDD) is a recent initiative launched by the Food 

and Drug Administration (FDA) aiming at 

incorporating patient voices in an earlier phase of 

product development. The hope is that patients 

would be able to put patient context for assessing 

the benefit-risk balance and contribute to review 

groups while also helping in developing innovative 

methods of assessment, study endpoints, and risk 

communication. The aim of this paper is to 

summarize information available until date on 

FDA’s PFDD Initiative and discuss its implications 

for patients, researchers, payers, and the 

biopharmaceutical sector. This paper would also 

outline a strategy which stakeholders can follow to 

define their roles in PFDD and expand its reach 

beyond the 20 conditions being considered by FDA 

currently.[46] 

 

11. Case Studies of Drug Development Failures 

11.1 Scientific Failure Case 

The drug development process is plagued 

with a very high rate of success at only 10%. This 

failure can be attributed mainly to inefficacy (40-

50%), toxic effects (30%) and poor 

pharmacokinetics. Some notable failures in 2024 

include Sage Therapeutics’ Dalzanemdor which 
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failed Phase II trials in three different types of 

neurodegenerative disorders.[47] 

 

11.2 Regulatory Rejection Case 

The rejection of a drug by the regulating 

agencies is one of the major challenges during its 

developmental stages and may emanate due to 

insufficient efficacy, safety concerns, production 

issues, labeling errors, or non-conformity with 

regulatory requirements. The and other regulatory 

agencies carry out detailed analyses of the risk-

benefit balance before approving the marketing of 

any drug. The majority of drugs undergoing clinical 

trials fail during the later stages owing to their 

inability to prove sufficient efficacy and safety 

within acceptable dosages. Strategic planning and 

adherence to stringent standards play a crucial role 

in preventing rejection and ensuring greater chances 

of approval.[47] 

 

11.3 Financial Collapse Case 

Financial bankruptcy in drug development 

is one of the major problems faced by the 

pharmaceutical and biotechnology sectors globally. 

In order to develop a drug, an organization needs 

considerable investments, prolonged periods of 

research and high costs for clinical trials without 

any certainty about their success. As these smaller 

firms require further funding in order to pursue their 

research initiatives, they have to rely on the funds 

provided by venture capital firms and others to 

continue their research process. The failure to 

conduct their clinical trial successfully and being 

rejected by the regulatory authorities and failing in 

the market can lead to insolvency.[48] 

 

11.4 Lessons Learned from High-Profile Failures 

Regardless of this, there remains an issue 

of inefficiency in terms of drug discovery and 

development processes in the form of high cost and 

time consumption.While initial successes and 

setbacks in clinical drug development may serve as 

cautionary tales that AI is not the magic bullet for 

addressing the productivity issue in new medicines, 

there has yet to be an FDA-approved drug 

developed through AI.[49] 

 

12. Strategies to Mitigate Drug Development 

Failures 

12.1 Improved Target Validation Techniques 

Computationally derived approaches for 

target prediction through molecular similarity-based 

and network-based approaches, docking and others 

have emerged as useful and powerful means to 

facilitate the difficult process of identifying the 

mode of action of biologically active small 

molecules like drugs and drug-like chemicals. An 

important step to understanding the strength and 

weakness of any method used for predicting targets 

is its evaluation procedure. Ideally, large-scale 

experimental studies are performed to examine the 

effectiveness of the model; unfortunately, due to 

high costs and time required, this may not be a 

feasible option. For this reason, statistical validation 

methods using retrospectives knowledge are often 

adopted to evaluate a method’s predictive strength. 

There exist various forms of statistical validation 

methodologies that differ in sophistication. In this 

review, we consider some validation approaches 

adopted, illustrating the advantages and 

disadvantages of the validation schemes and metrics 

involved in assessing the performance.[50] 

 

12.2 Use of Biomarkers and Precision Medicine 

The potential importance of biomarkers in 

the evolution of precision medicine constitutes a 

critical window through which technology can be 

developed to promote health in human beings and 

also decrease costs associated with health care 

delivery. The idea behind precision medicine entails 

tuning of therapy for individuals or groups of 

patients by using the disease-specific biomarkers. 

Indeed, much debate surrounds the general 

effectiveness of this personalized approach in 

finding out molecular targets that would allow 

pinpointing therapies. However, there is no denying 

that technology is not lacking and several techniques 

are available for use such as molecular imaging, 

genomics, proteomics, metabolomics, and next-

generation sequencing. The application of these and 

other methods has led to the development of more 

than a dozen biomarkers and therapies of cancers, 

which have been approved by FDA. It is too early to 

come to a conclusion although the hunt for desirable 

biomarkers in support of precision medicine has 

never been greater before. Also, apart from cancer 

diagnosis and treatment, there are several 

applications of disease-specific biomarkers.[51] 

 

12.3 Innovative Clinical Trial Designs 

Clinical trials form the benchmark test used 

to establish whether the tested drugs are effective 

and safe before being approved for marketing. 

However, there have been a few problems 

encountered in traditional clinical trials including 

long periods taken for their conduct and rising costs 

among other difficulties. In order to make the 

process of conducting clinical research more 
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efficient, several accelerated methods of conducting 

clinical trials have been formulated and employed in 

the modern day clinical drug development 

processes. These innovative designs of human 

clinical studies have been established by 

successfully getting approvals of important drugs 

and their use in the clinical setting as well as 

introducing many blockbuster drugs into the market. 

They seek to motivate clinicians and developers not 

only to engage with regulatory authorities on time, 

but also interpret scientific breakthroughs into 

innovations.[52] 

 

12.4 Strengthening Regulatory Strategy 

The current regulatory system within the 

region is further complicated by national 

requirements which hinder the development of new 

health products in the region. In order to help 

overcome such obstacles, the Centre for Regulatory 

Excellence of Duke-National University of 

Singapore (Duke-NUS) CoRE was established in 

2014 with the specific aims of enhancing regional 

regulatory bodies through capacity building, 

regulatory harmonization, work sharing, and 

network development.[53] 

 

12.5 Risk-Based Decision Making 

Decision-making under uncertainty plays a 

crucial role in the initial phase of the development 

of the chemical process. Multiple goals including 

SHE and economic considerations are taken into 

account under an information-poor condition. The 

screening of possible synthesis pathways is 

conducted in a teamwork setting involving subject 

matter experts from various backgrounds like 

chemists and chemical engineers. Ranking 

approaches are employed, but they seldom explain 

the reasons for decision-making.[54] 

 

13. Role of Emerging Technologies 

 

13.1 Artificial Intelligence in Drug Discovery 

Artificial Intelligence has found its 

successful implementation in areas such as 

computer science, voice recognition, natural 

language processing; however, it is now entering 

into fields that require lots of knowledge like 

biology, physics, and chemistry to increase the 

success ratio and decrease the cost involved in 

discovering medicines.Another area where the 

pharmaceutical companies are using the power of AI 

is for unifying the various sources of data which 

used to be silos until now, recruiting data scientists, 

and building infrastructure. The use of AI in drug 

discovery can be divided into novel discovery and 

target identification, hypothesis generation, virtual 

screening, compound generation, chemical 

properties prediction, ADME/Toxicology, predic-

tion of outcomes of clinical trials, and actuarial 

pharmacology based on real-world evidence.[55] 

 

 

13.2 Machine Learning for Clinical Trials 

With the tremendous amounts of biological 

and medical data present in addition to machine 

learning models that have been extensively studied, 

one is able to develop completely automated 

processes in the area of drug creation. Such a 

process could lead to faster drug discovery or even 

facilitate the discovery of more details about various 

diseases and biological processes. Preclinical and 

possibly even clinical testing could be facilitated 

through such a process. This automation could solve 

the problem of the low productivity rate of 

pharmaceutical firms.[56] 

 

13.3 Real-World Evidence (RWE) 

The global health care systems will become 

unsustainable, and this trend will persist without 

policy measures and regulations grounded in 

scientific and technical data. In order to solve this 

problem, the Italian Society of Pharmacology 

(Società Italiana di Farmacologia, SIF) has 

organized a first working group that will work out a 

tentative map and consider the applicability of real-

world evidence (RWE). The proposals put forward 

by the working group will be assessed by a larger 

group of stakeholders, including payers, patients, 

academicians, and regulators, through pilot studies 

and publications in scientific papers and 

presentations at conferences.[57] 

 

13.4 Digital Twins and Predictive Modeling 

In silico testing is currently being 

considered as an approach to evaluate the efficacy 

and safety of new pharmaceuticals and medical 

devices. Models of diseases created using the 

profiling data of patients are being developed to 

create the interactome of genes and proteins for 

inference of causation within the physiopathology, 

thereby allowing the modeling of the effect of the 

drug on the target. Patients can be created using 

medical records and digital twins to model organs 

and their reactions to certain medications to assess 

the efficiency of treatment at the individual level. 

With the increasing acceptance of digital evidence 

by regulators, predictive AI models will help 

develop confirmatory clinical trials in humans and 
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facilitate efficient drug discovery and medical 

device development.[58] 

 

14. Collaborative and Policy Approaches 

 

14.1 Industry-Academia Partnerships 

Academia-industry collaboration has been 

highlighted as a subject of many governmental 

studies and actions during the last 15 years and it is 

seen as a good approach to benefit from world-class 

research capacity in the UK. Nevertheless, more 

research should be conducted on the impact of these 

collaborations within the area of translational 

medicine since this area involves an extensive 

process that includes long-term, costly, and high-

risk clinical trials.[59] 

 

14.2 Public-Private Collaborations 

In line with a popular perception held by some 

academics, practitioners, and policymakers alike, we 

propose that cooperation between the two sectors 

helps achieve success. The effect of within- and 

cross-sector cooperation is then investigated using 

the data on success in clinical trials. Unlike the 

above popular perception, we find no evidence in 

favor of the positive impact of such cooperation. 

Instead, we observe that clinical trials carried out by 

single firms have four times higher success rates 

compared with those performed cooperatively with 

public entities. This implies that, rather than sharing 

technologies or ideas with each other, companies 

seek public cooperation to avoid development 

risk.[60] 

 

14.3 Global Regulatory Harmonization 

The variation of pharmaceutical regulatory 

requirements results in a very complicated and 

expensive process of marketing new pharmaceutical 

products and causes a significant delay in 

introducing innovative and important drugs on the 

market. As a result of the above-mentioned 

globalization phenomenon, there was a strong 

demand for a new strategy in pharmaceutical 

regulations, which included increased collaboration 

and harmonization. The globalization of 

pharmaceutical regulations became necessary and 

desirable for many groups of neighboring countries 

in several parts of the world due to the need for 

rationalizing unnecessary and redundant 

requirements and saving time and money on drug 

regulation. Regional pharmaceutical regulation is 

associated with a range of initiatives which are 

primarily motivated by economical and social 

factors and are conducted with the help of various 

global organizations, such as WHO and ICH. There 

is an increasing difference in terms of development 

between the countries participating in regional 

harmonization processes.[61] 

 

14.4 Role of Organizations like International 

Council for Harmonisation 

The ICH has developed numerous 

guidelines that sponsors can apply to different areas 

of pharmaceutical development research and 

documentation. The guidelines are usually adopted 

by regulatory authorities upon their issuance. These 

guidelines are categorized into four classes: quality, 

safety, efficacy, and multidisciplinary. The 

development, issuance, and regular updating of two 

such guidelines, namely ICH S7B and ICH E14, are 

explained in this editorial as an example of 

regulatory science.[62] 

 

15. Future Perspectives in Drug Development 

 

15.1 Personalized and Precision Medicine 

Precision medicine (PM) has been 

described as an approach using information about 

someone’s genetic makeup, environmental 

exposures, and lifestyle to guide decisions on how to 

best manage and treat diseases. It is true that PM has 

been used successfully in the treatment of some 

types of epilepsy. The field of precision medicine 

has seen significant advancements through 

breakthroughs in genetics of epilepsy.[63] 

 

15.2 Decentralized Clinical Trials 

The coronavirus outbreak resulted in a shift 

in clinical trial strategy to ensure clinical research is 

still conducted, with regulatory modifications 

facilitating more implementation and development 

of a decentralized trial strategy. The feasibility and 

efficacy of the trial strategy can only be shown 

through the observations done on phase 2 and 3 

clinical trials, which would be much easier 

considering that safety issues in earlier phases have 

already been addressed. The early stages of drug 

development are a lengthy and costly process where 

accrual and safety considerations become crucial 

elements of success. Using a decentralized trial 

approach to phase 1 trials can help with patient 

accrual by eliminating geographical limitations, 

increasing patient heterogeneity, supporting rare 

tumor evidence, and lessening burden on patients. 

However, issues related to safety, data quality, 

shipping, and administration of the investigational 

product are potential barriers.[64] 
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15.3 Sustainable and Cost-Effective Models 

In the case of developing drugs sustainably 

and economically, the best methods will be to utilize 

the technologies that will ensure the least amount of 

waste, cost, and time required throughout the 

process. This includes artificial intelligence in the 

development of the drug formula, simulation 

technology to reduce toxic effects, and high-

throughput screening technology on a low-scale 

level.[1] 

 

Conclusion 

Drug development failure is a complex, 

multi-faceted problem, influenced by various factors 

such as operation issues, financial constraints, 

regulatory issues, uncertainty in science, and 

pressure from the market environment. The high rate 

of drug development failures seen across the entire 

process of developing drugs amounts to tremendous 

wastage of resources, and, above all, causes a great 

delay in providing much-needed drugs to the 

patients. 

Knowledge about these failure factors is 

basic knowledge for MFAM students and early-

stage pharmaceutical researchers which will form 

the foundation of everything that they do 

professionally. There are several opportunities 

available through artificial intelligence, precision 

medicine, decentralized trials, and regulatory 

harmonization to reduce failure rates and improve 

efficiency in the development pipeline of this 

rapidly evolving sector. 

There is no such thing as a zero-risk 

program for drug development. Nevertheless, the 

pharmaceutical industry could certainly ensure 

success of new drugs by employing a combination 

of good science, sound financial management, 

effective regulation, and innovative operation 

practices. Drug research may not become easier in 

the future, but there is a possibility that it may 

become much smarter. 
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