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Abstract 

Background: Drug development is one of the most complex, costly, and prolonged processes in 

biomedical sciences, yet comprehensive reviews integrating quantitative attrition data across all 

phases with global equity perspectives remain scarce. Objective: To provide a comprehensive 

scientific review of the pharmaceutical drug lifecycle during the Research and Development (R&D) 

phase, from initial discovery through Phase III clinical trials, analyzing success rates, timelines, costs, 

and disparities between developed and developing countries. Methods: A narrative review was 

conducted synthesizing evidence from peer-reviewed literature, regulatory agency reports, and 

published systematic reviews. Sources were identified through PubMed, Scopus, and Web of Science 

databases, with selection criteria emphasizing quantitative data on attrition rates, development 

timelines, costs, and geographic disparities in pharmaceutical R&D. Results: The complete drug 

development process typically requires 10–15 years, with costs ranging from $897 million to $1.9 

billion per approved drug. Only 9.6–21.5% of compounds entering clinical trials achieve regulatory 

approval. Preclinical attrition reaches 95%, with Phase I-to-II progression at 50%, Phase II-to-III at 

34%, and Phase III-to-approval at 52%. Lack of efficacy accounts for 56% of Phase II/III failures, 

followed by safety concerns (28%). Therapeutic area variability is substantial: Alzheimer's disease 

shows a 0.4% success rate versus 21.5% overall. Critical disparities exist between developed and 

developing countries in R&D capacity, regulatory infrastructure, and disease priorities, with clinical 

trials in emerging markets costing up to 60% less but raising ethical and quality standards challenges. 

Conclusions: Drug development efficiency remains a critical challenge for global health. Improving 

preclinical predictability, adopting biomarker-driven patient selection, implementing adaptive trial 

designs, and addressing global R&D inequities through innovative financing mechanisms represent 

key strategies to improve development efficiency and health equity. Future research should focus on 

generating systematic data from low- and middle-income countries to better characterize and address 

global pharmaceutical R&D disparities. 

Keywords: drug development; pharmaceutical R&D; clinical trial attrition; drug discovery; 

regulatory approval; global health equity; preclinical development; therapeutic area success rates; 

drug development costs; developing countries 

 

1. Introduction 

Drug development constitutes a cornerstone of modern medicine and represents one of the most 

challenging and costly scientific enterprises. From the initial discovery of a promising molecule to 

regulatory approval and commercialization, the pharmaceutical development process traverses 

multiple rigorous stages designed to ensure the safety and efficacy of medications reaching patients. 

The inherent complexity of pharmaceutical development is reflected in its extended timelines 

and elevated attrition rates. The scientific literature consistently documents that the complete process 

from discovery to regulatory approval typically requires 10–15 years (Lipina et al., 2015; Debabov et 

al., 2018; Shareef et al., 2023), with some studies reporting durations of 11.4–13.5 years (Shareef et al., 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 12 February 2026 doi:10.20944/preprints202602.0991.v1

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202602.0991.v1
http://creativecommons.org/licenses/by/4.0/


 2 of 9 

 

2023) and others indicating averages of 12–14 years (Madhani, 2007). This prolonged duration reflects 

the need for exhaustive evaluations at each development phase to identify and eliminate compounds 

lacking therapeutic efficacy or presenting unacceptable safety profiles. 

Costs associated with pharmaceutical development have experienced exponential growth in 

recent decades. Current estimates place the average cost of developing a new drug between $897 

million and $1.9 billion (Lipina et al., 2015), with more recent studies reporting figures of $1.24 billion 

in 2005 dollars (Kaitin, 2008) and up to $1.8 billion (Debabov et al., 2018). These costs include not only 

direct research and development expenses but also opportunity costs associated with the numerous 

compounds that fail during the process. 

Success rates in pharmaceutical development are notably low, reflecting the rigorous safety and 

efficacy standards required for regulatory approval. Evidence indicates that only 9.6–21.5% of 

compounds entering human clinical trials eventually receive marketing authorization (Cassidy et al., 

2020; Kaitin, 2008; Mahmoud et al., 2006). 

This review aims to provide a comprehensive scientific analysis of the pharmaceutical drug 

lifecycle during the R&D phase, with particular emphasis on: (1) detailed characterization of each 

development phase from discovery through Phase III clinical trials; (2) quantitative analysis of 

success, failure, and attrition rates at each stage; (3) evaluation of timelines and associated costs; (4) 

the public health significance of pharmaceutical development; and (5) critical contrasts between 

pharmaceutical development realities in developed versus developing countries, including 

disparities in resources, infrastructure, regulatory capacity, and research priorities. 

2. Methods 

This narrative review synthesized evidence from peer-reviewed literature identified through 

systematic searches of PubMed, Scopus, and Web of Science databases. Search terms included 

combinations of: "drug development," "pharmaceutical R&D," "clinical trial attrition," "success rates," 

"drug discovery," "preclinical development," and "global health disparities." Selection criteria 

prioritized publications providing quantitative data on attrition rates, development timelines, costs, 

and geographic disparities. Both primary research articles and systematic reviews were included. 

Reference lists of identified articles were manually reviewed to identify additional relevant sources. 

No date restrictions were applied, although emphasis was placed on evidence from the past two 

decades. A total of 26 sources meeting the inclusion criteria were analyzed and synthesized. 

Limitations: As a narrative review, this study did not employ formal systematic review 

methodology (e.g., PRISMA guidelines), which may introduce selection bias. The heterogeneity of 

methodologies, study populations, and time periods across included studies limits direct 

comparability of reported metrics. 

3. The Modern Drug Development Paradigm 

3.1. Conceptual Framework 

Modern pharmaceutical development is grounded in a rigorous scientific paradigm integrating 

multiple disciplines, including medicinal chemistry, pharmacology, toxicology, clinical medicine, 

and regulatory sciences. The drug development process is conceptualized as a progressive funnel 

where thousands of initial compounds are systematically evaluated and filtered through increasingly 

rigorous stages of scrutiny. Cassidy et al. (2020) document that the process typically begins with 

5,000–10,000 compounds in the discovery phase, reducing to approximately 250 compounds during 

preclinical testing, and finally to only 5 compounds entering clinical trials. Of these, only one 

eventually receives FDA approval. 
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3.2. Regulatory Framework and Historical Evolution 

The contemporary regulatory framework for pharmaceutical development was largely 

established in response to historical tragedies demonstrating the critical need for systematic safety 

and efficacy evaluations. The current structure of sequential clinical phases (Phase I, II, and III) 

represents a system designed to progressively assess safety, determine optimal dosing, and establish 

therapeutic efficacy before regulatory approval. Kaitin (1995) documents that clinical development 

times experienced a 140% increase between 1963 and 1993, while total time from chemical synthesis 

to approval increased by 156%. 

3.3. Inherent Uncertainty and Risk Management 

Pharmaceutical development is characterized by a high degree of inherent uncertainty at each 

stage. Schuhmacher et al. (2016) emphasize that high attrition rates reflect fundamental uncertainties 

related to translational predictability of preclinical models, prediction of adverse effects in diverse 

human populations, and identification of predictive biomarkers of therapeutic response. Wong et al. 

(2019) demonstrate that trials utilizing biomarkers for patient selection have significantly higher 

overall success probabilities than those that do not. 

3.4. Therapeutic Area Variability 

Success rates and timelines vary substantially by therapeutic area. Kaitin (2008) reports that 

neuropharmacological drugs require 10.8 years with a 14% success rate, while oncology drugs require 

9.3 years with only an 8% success rate. Cummings et al. (2014) document an extraordinarily low 

success rate of 0.4% (99.6% failure) for Alzheimer's disease drugs during 2002–2012, representing one 

of the lowest rates in any therapeutic area. 

4. Discovery Phase 

The discovery phase represents the starting point of pharmaceutical development, characterized 

by the identification and initial optimization of compounds with therapeutic potential. This phase 

involves exploratory biology, molecular target identification, compound screening, and selection of 

promising candidates for further evaluation (Dalrymple, 2010). The process typically begins with 

5,000–10,000 compounds evaluated through high-throughput screening and other active compound 

identification methodologies (Cassidy et al., 2020). 

The introduction of modern technologies such as computer-aided drug design (CADD) has 

significantly reduced the time required for discovery phases, enabling faster identification of lead 

compounds and more efficient optimization of their pharmacological properties (Shareef et al., 2023). 

Kiss et al. (2023) report that the discovery phase for antibody-drug conjugates (ADCs) in oncology 

requires approximately 4.5 years. 

The discovery phase is characterized by the lowest success rates in the entire development 

process. Dalrymple (2010) documents that the probability of success in the early exploratory 

discovery phase is approximately 30%, the lowest of all development phases. 

5. Preclinical Phase 

The preclinical phase represents a critical stage where candidate compounds identified during 

discovery undergo exhaustive safety, pharmacokinetic, and efficacy evaluations using in vitro and in 

vivo models before human administration. Key components include pharmacokinetic and ADME 

studies—evaluating absorption, distribution, metabolism, and excretion parameters including 

lipophilicity, solubility, and plasma stability (Krüger et al., 2019)—and toxicology studies assessing 

acute toxicity, repeat-dose toxicity, genotoxicity, reproductive toxicity, and, when appropriate, 

carcinogenicity. 
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Attrition rates in the preclinical phase are extremely high. Stephens (2015) documents that only 

11% of compounds in preclinical development progress beyond this phase, resulting in a 95% failure 

rate. Cassidy et al. (2020) report that of 5,000–10,000 initial discovery compounds, only approximately 

250 survive preclinical testing. Principal failure reasons include unacceptable toxicological findings 

(20% of failures per Stephens, 2015), inadequate pharmacokinetic properties, lack of efficacy in animal 

models, and formulation or chemical stability problems. 

A fundamental challenge in preclinical development is the limited translatability of animal 

model findings to human efficacy and safety. Cingi et al. (2017) note that despite extensive preclinical 

testing, success rates remain low, reflecting fundamental differences in physiology, metabolism, and 

immune responses between species. 

6. Phase I Clinical Trials 

Phase I clinical trials represent the first administration of a candidate compound to humans, 

typically conducted in small groups of 20–80 healthy volunteers (Cassidy et al., 2020). Primary 

objectives include establishing the safety and tolerability profile, determining maximum tolerated 

dose, and characterizing basic pharmacokinetic parameters. Kiss et al. (2023) report that Phase I 

typically requires approximately 1.5 years for oncology ADCs. 

Progression rates from Phase I to Phase II vary considerably. Stephens (2015) reports a 50% 

progression rate, while Dalrymple (2010) reports a 70% probability of success for antimalarial drugs. 

Principal failure reasons include safety problems identified in humans not apparent in preclinical 

studies, inadequate pharmacokinetic properties, and lack of preliminary pharmacological activity 

evidence. 

7. Phase II Clinical Trials 

Phase II trials represent the first systematic evaluation of therapeutic efficacy in patients with 

the target disease, typically involving several hundred participants. Phase IIA studies assess proof of 

concept and dose-finding, while Phase IIB provides well-controlled efficacy data. Phase II typically 

requires approximately 2.5 years (Kiss et al., 2023). 

Phase II is characterized by particularly high attrition rates. Stephens (2015) reports a 34% 

progression rate from Phase II to Phase III, meaning approximately two-thirds of compounds 

entering Phase II do not advance to pivotal studies. Lack of efficacy represents the predominant 

failure reason: Kiss et al. (2023) report that Phase II/III failures were attributed to lack of efficacy 

(56%), safety problems (28%), strategy changes (7%), commercial reasons (5%), and operational 

challenges (5%). 

8. Phase III Clinical Trials 

Phase III trials are pivotal studies providing definitive evidence of efficacy and safety for 

regulatory approval, typically involving 300–3,000 participants in randomized, controlled, 

multicenter designs (Cassidy et al., 2020). Stephens (2015) reports a 52% progression rate from Phase 

III to approval. Rocha et al. document a 26.7% failure risk in Phase III clinical trials in Brazil, although 

more than 90% of drugs with positive Phase III results were approved by the Brazilian Agency. 

Phase III failures are particularly costly, occurring after substantial investments in previous 

phases. The pharmaceutical sector invests approximately 70% of total new drug development costs 

in clinical trials, with Phase III representing the largest proportion (Rocha et al.). Seimetz (2017) notes 

that up to 20% of products still fail during the approval phase despite significant prior investment. 
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9. Comparative Analysis of Success and Attrition Rates 

Table 1. Summary of attrition rates and progression probabilities across pharmaceutical development phases. 

Phase 
Progression 

Rate 
Failure 

Rate 
Duration 

(years) 
Key Source 

Preclinical 5–11% 89–95% ~1–4.5 
Stephens (2015); Cassidy et 

al. (2020) 

Phase I 50–70% 30–50% ~1.5 
Stephens (2015); 

Dalrymple (2010) 

Phase II 34% 66% ~2.5 
Stephens (2015); Kiss et al. 

(2023) 

Phase III 52% 48% ~2.5–4 
Stephens (2015); Rocha et 

al. 

Overall (Phase I–

Approval) 
9.6–21.5% 

78.5–

90.4% 
10–15 total 

Cassidy et al. (2020); Kaitin 

(2008) 

Table 2. Comparative success rates across therapeutic areas. 

Therapeutic Area Success Rate 
Duration 

(years) 
Source 

Alzheimer's Disease 0.4% — Cummings et al. (2014) 

Oncology (colorectal) 3% 9.3 
Constant et al. (2013); Kaitin 

(2008) 

Neuropharmacology 14% 10.8 Kaitin (2008) 

Overall (all areas) 9.6–21.5% 10–15 Cassidy et al. (2020); Kaitin (2008) 

Antimalarials 
~70% (Phase 

I) 
— Dalrymple (2010) 

The data reveal a consistent pattern of progressive attrition through the development pipeline. 

While the overall clinical success rate ranges from 9.6% (Cassidy et al., 2020) to 21.5% (Kaitin, 2008), 

the cumulative probability of success from initial discovery is estimated at less than 0.1%, considering 

the 5,000–10,000 initial compounds typically needed to produce one approved drug. 

Across all development phases, lack of efficacy emerges as the predominant failure reason, 

accounting for 55–56% of Phase II/III failures (Kiss et al., 2023; Constant et al., 2013), safety concerns 

represent 28% (Kiss et al., 2023), with strategy changes, commercial reasons, and operational 

challenges accounting for the remainder. 

10. Economic Dimensions of Drug Development 

The economic burden of drug development has grown exponentially, with current per-drug 

estimates ranging from $897 million (Lipina et al., 2015) to $1.9 billion (Debabov et al., 2018), and 

some analyses reaching $1.24 billion in 2005 dollars (Kaitin, 2008). The pharmaceutical sector invests 

approximately 60–70% of total development costs in clinical trials (Madhani, 2007; Rocha et al.), with 

the average compound requiring testing in 5,303 patients (Mahmoud et al., 2006). Historical cost per 

approved drug was estimated at $291 million in 1994 dollars (Kaitin, 1995). 

DiMasi (2002) quantifies the financial benefits from development process improvements: 

simultaneous 25% reductions in phase durations reduce total capitalized cost by 16% ($129 million), 

while 50% time reductions yield 29% cost savings ($235 million). Increasing success rates from 21.5% 
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to one-in-three could reduce total capitalized cost by $221–$242 million per approved drug. 

Additionally, shifting just 5% of all clinical failures from Phase III to Phase I reduces direct clinical 

outlays by 5.5–7.1%. 

11. Public Health Significance 

The public health significance of pharmaceutical development manifests across multiple 

dimensions: reduction of mortality and morbidity associated with serious diseases, improvement of 

patient quality of life, reduction of economic disease burden on healthcare systems, and contribution 

to increased life expectancy observed in recent decades. 

Despite significant advances, substantial unmet medical needs persist. In neurodegenerative 

diseases, Cummings et al. (2014) document that Alzheimer's disease drug development had a 0.4% 

overall success rate during 2002–2012, with the number of compounds progressing to regulatory 

review among the lowest of any therapeutic area. In oncology, colorectal cancer drug approval stands 

at only 3% over the past decade (Constant et al., 2013). Lipina et al. (2015) emphasize that the 

developing world suffers the greatest burden of infectious diseases, yet the range of available drugs 

for treatment is limited. Inoue et al. (2025) document persistent challenges in drug development for 

rare pediatric diseases, including a 25-year timeline from global adoption to potential approval in 

Japan for isotretinoin. 

Hussain et al. (2025) emphasize that the pharmaceutical industry will continue producing new 

molecular entities (NMEs) to satisfy expanding unmet medical requirements as drug development 

success rates improve, underscoring the iterative relationship between R&D efficiency and 

therapeutic innovation. 

12. Global Disparities: Developed vs. Developing Countries 

12.1. Research Capacity and Infrastructure 

Disparities between developed and developing countries in pharmaceutical R&D capacity are 

profound and multifaceted. Stephens (2015) documents that developing countries face challenges not 

seen in developed nations, including shortages of human resources and basic infrastructure. R&D 

has failed to meet pharmaceutical demands in the developing world, where innovative capacity is 

crucial. Although overall R&D investment increased in India, it became less directed toward local 

health needs, illustrating a disconnect between research capacity and public health priorities. 

12.2. Cost and Timeline Differentials 

Madhani (2007) documents that clinical trials in India are conducted in 30% less time and can 

cost up to 60% less than in the United States, making emerging markets attractive destinations for 

clinical trial outsourcing. However, Mahmoud et al. (2006) note that unlike developed countries, low-

income countries (LICs) often lack sufficient market size to attract private sector R&D investment, 

leading to insufficient revenue for new product development. 

12.3. Disease Priorities and Access Barriers 

Disease priorities differ markedly between developed and developing countries. Lipina et al. 

(2015) emphasize that the developing world suffers the greatest burden of infectious diseases, yet 

available drug ranges are limited. Dalrymple (2010) documents the critical importance of antimalarial 

drug development for Africa, with artemisinin-based combination therapies (ACTs) stimulated 

largely by philanthropic funding, particularly from the Gates Foundation, illustrating the critical role 

of alternative financing for diseases disproportionately affecting developing countries. 

Access barriers persist even when new therapies are developed, reflecting limitations in 

healthcare systems, supply chains, and payment capacity (Dalrymple, 2010). Stephens (2015) 
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underscores that as low- and middle-income countries (LMICs) become increasingly involved in 

clinical trials, policymakers must ensure that scientific and ethical standards are maintained. 

13. Discussion 

This review reveals several consistent and critical findings characterizing the pharmaceutical 

R&D process. The convergence of evidence on 10–15 year development timelines, escalating costs 

exceeding $1 billion per approved drug, and overall success rates of only 9.6–21.5% underscores the 

fundamental challenge of pharmaceutical innovation. 

The substantial variability in success rates across therapeutic areas has important implications 

for resource allocation and research strategy. Areas with particularly low success rates, such as 

Alzheimer's disease (0.4%) and oncology (3.4–8%), represent both significant scientific challenges and 

critical unmet medical needs. Wong et al. (2019) demonstrate that trials using biomarkers for patient 

selection achieve significantly higher success probabilities, suggesting that investment in biomarker 

development and validation represents a critical strategy for improving development efficiency. 

The identification of lack of efficacy as the predominant cause of clinical failure (55–56%) reflects 

fundamental limitations of preclinical models in predicting human therapeutic responses and 

suggests the need for improved predictive models, advanced preclinical systems including organoids 

and humanized models, and integration of multi-omic data. The documented global disparities raise 

critical challenges for health equity. The fundamental misalignment between global health needs and 

market-driven research priorities requires alternative incentive mechanisms, including prizes, 

advance market commitments, and public-private partnerships. 

Limitations of this review include the narrative design without formal systematic methodology, 

the heterogeneity of included study methodologies and time periods (contributing to variability in 

reported metrics, e.g., success rate estimates ranging from 9.6% to 21.5%), limited quantitative data 

specifically from developing country contexts, and the rapid evolution of the field with emerging 

technologies whose impact may not yet be fully captured in published evidence. 

14. Future Directions and Recommendations 

Key strategies for improving pharmaceutical development efficiency include: expansion of 

computer-aided drug design (CADD) and artificial intelligence for accelerated discovery (Shareef et 

al., 2023); development and validation of predictive biomarkers to improve patient selection and 

success rates (Wong et al., 2019); improved preclinical models including organoids and humanized 

systems (Constant et al., 2013); adaptive and platform trial designs to reduce sample sizes and 

timelines; innovative regulatory approaches including accelerated pathways and conditional 

approvals (Cassidy et al., 2020); and strategic portfolio management with rigorous go/no-go decision 

points to enable earlier termination of unpromising programs (DiMasi, 2002). 

Addressing global disparities requires capacity building in developing countries, alternative 

incentive mechanisms for neglected diseases, and open access models to reduce resource waste from 

duplicated research (Debabov et al., 2018). Global regulatory harmonization can reduce duplication 

of efforts and accelerate access to new therapies worldwide. 

15. Conclusions 

Pharmaceutical drug development remains one of the most complex, costly, and prolonged 

scientific processes, typically requiring 10–15 years and $897 million to $1.9 billion per approved 

drug. This comprehensive review documents progressive attrition across all phases, with only 9.6–

21.5% of compounds entering clinical trials achieving regulatory approval. Phase II represents the 

most critical attrition point, with only 34% progression and lack of efficacy as the predominant failure 

cause (56%). 

The substantial variability across therapeutic areas—from 0.4% success in Alzheimer's disease 

to 21.5% overall—highlights both scientific challenges and unmet medical needs requiring sustained 
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investment and innovative approaches. Critical global disparities in R&D capacity, infrastructure, 

and access to medicines demand coordinated solutions including alternative financing mechanisms, 

capacity building, and regulatory harmonization. 

Future improvements in development efficiency hinge on expanding biomarker-driven patient 

selection, improving preclinical model predictability, implementing adaptive trial designs, and 

fostering global collaboration. These strategies, combined with innovative regulatory approaches and 

equitable research prioritization, can accelerate the translation of scientific discoveries into accessible 

therapies that benefit patients worldwide. 
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