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Executive Summary
Bringing a new drug from initial discovery to market is an extraordinarily complex and protracted endeavor. On

average, it requires 10 to 15 years or more of research, development, testing, and regulatory review before a

candidate molecule becomes an approved therapeutic ([1] studylib.net) (www.antidote.me). This lengthy timeline

is driven by scientific, regulatory, and economic factors: each stage (discovery, preclinical testing, and multiple

phases of human clinical trials) takes years of careful work, and most drug candidates fail at one stage or

another. For example, one analysis finds that only about 1 in 250 compounds entering preclinical testing ever

reach the market ([2] studylib.net), and only roughly 10–20% of drugs entering human trials achieve final

approval ([2] studylib.net) ([3] pmc.ncbi.nlm.nih.gov). In addition, growing demands for safety and efficacy data,

competitive patent timelines, and high development costs all contribute to the protracted process.

This report provides a thorough examination of the modern drug development timeline, explains why it typically

spans a decade or longer, and explores emerging trends that may influence the future pace of innovation. We

begin with an overview of historical regulatory milestones and the rationale for stringent drug testing. We then

dissect each major stage of development—discovery, preclinical studies, clinical trials (Phases I–III), and

regulatory review and approval—examining typical duration, key activities, attrition rates, and costs. We

analyze data from industry studies (e.g. Tufts CSDD, NIH analyses) and peer-reviewed research to quantify

delays and failure rates. Case studies in accelerated development (such as the COVID-19 vaccines) and fields

like oncology illustrate how factors can shorten or lengthen timelines in practice. Finally, we discuss implications

for patients, industry, and regulators, and consider future directions (e.g. AI-driven discovery, adaptive trial

designs) that may alter the timeline. Throughout, we supply extensive citations to scientific literature and data

sources.

Collectively, the evidence shows that the current 10+ year average reflects a balance—ensuring rigorous

evaluation of safety and efficacy while navigating complex science, regulation, and financing. Although there is

intense interest in “speeding up” drug development, fully understanding the timeline requires appreciation of

each stage’s challenges and stakeholders’ perspectives. This report aims to provide that deep, data-driven

understanding.

Introduction and Background
The process of drug development—the journey from a scientific idea to an approved therapy—has become one

of the most resource-intensive and time-consuming endeavors in modern medicine. New drugs promise to treat

disease and save lives, but they also must be proven safe and effective before reaching patients. This

requirement, born of hard lessons in medical history (e.g. the thalidomide tragedy of 1962), mandates years of

careful testing in the laboratory and clinic. At the same time, pharmaceutical and biotech companies face

business realities: finite patent life (typically 20 years from patent filing), the need to recoup enormous R&D

investments, and stiff competition. Balancing these pressures contributes to the lengthy timelines observed.

Historical Context

Modern drug regulation in the United States dates back to the 1938 Federal Food, Drug, and Cosmetic Act,

prompted by the lethal sulfanilamide disaster (over 100 deaths)​ ([4] www.ncbi.nlm.nih.gov)​. That law required

proof of safety for new drugs. In 1962 the Kefauver–Harris Amendments added a requirement for efficacy,

spurred by the birth defects caused by thalidomide. Each regulatory milestone lengthened the development

process, as new evidence standards were imposed. Throughout the late 20th century, successive laws sought to
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spur innovation (e.g. the Orphan Drug Act of 1983, giving incentives for rare-disease drugs) or handle market

issues (the Hatch-Waxman Act of 1984 to accelerate generics). In the 1990s, the FDA began to accept user

fees under PDUFA (1992) to speed its own reviews, and later passed expedited pathways (Fast Track,

Accelerated Approval, etc.) for promising therapies.

Despite these initiatives, the core phases of development have remained extensive. Historically, many famous

drugs also had long lead times. For example, penicillin was discovered by Alexander Fleming in 1928, but did not

become widely available until the 1940s after large-scale efforts by Chain and Florey. More recently, well-known

medications such as statins or targeted cancer therapies involved decades-long development cycles from

early discovery to approval. These long efforts reflect the need for iterative optimization and proof under

rigorous standards. Figure 1 (below) illustrates the typical sequence and timing of stages.

Figure 1. Stylized timeline of new drug development stages, from discovery through regulatory approval and

post-marketing. Key activities and durations span over 10–15 years on average ([1] studylib.net)

(www.antidote.me).

Taken together, historical experience shows that robust safety/efficacy evidence and regulated review are time-

consuming. At the same time, pharmaceutical scientists have increasingly improved the science (for instance,

through genomics or combinatorial chemistry), which one might expect to shorten discovery. However, complex

diseases and rigorous trials have tended to consume any time gains. For instance, a 2009 Tufts Center for

the Study of Drug Development (CSDD) report noted that while FDA review times had been reduced (to about

1.1 years by 2007), the clinical development times lengthened so that total development still averaged about 8

years ([5] www.eurekalert.org). More recent analyses continue to report roughly a decade or more from concept

to approval ([1] studylib.net) (www.antidote.me). Thus, while some individual drugs do get to market faster (e.g.

via accelerated programs), the aggregate picture remains consistently drawn out.

In summary, the background context is one of increasing regulation and scientific complexity: a safer, more

effective development process, but one that on average pushes the timeline to 10, 12, or even 15 years. In the

following sections we dissect the causes and stages of this phenomenon in detail, with a mind to understanding

“why it takes so long” and what might change that picture in the future.

The Phases of Drug Discovery and Development
Drug development is often described as a funnel: many molecules enter at the discovery end, but only a few

make it through to approval. The journey is conventionally divided into distinct phases:

1. Discovery (Target Identification and Lead Optimization).

2. Preclinical (Laboratory and Animal Studies).

3. Clinical Trials – Phase I (Human Safety).

4. Clinical Trials – Phase II (Initial Human Efficacy).

5. Clinical Trials – Phase III (Definitive Trials).

6. Regulatory Review and Approval (NDA/BLA submission).

Each phase has characteristic goals, tasks, duration, costs, and attrition rates. Below we examine these phases

one by one.

1. Discovery (Target Identification & Lead Generation)
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The drug discovery phase begins with defining a disease target and identifying a compound that modulates that

target in a desired way. This often starts with fundamental research into disease biology – target identification

– to find a protein or pathway implicated in a disease. Once a valid druggable target is known, researchers

screen chemical or biological libraries to find initial “hit” compounds that affect the target ([6]

www.ncbi.nlm.nih.gov). Techniques include high-throughput screening (HTS), computational modeling (in silico

screening), or phenotypic screening in cells. After hits are found, medicinal chemists engage in “hit-to-lead”

and lead optimization, refining molecules through iterative synthesis and testing to improve their potency,

selectivity, and drug-like properties ([6] www.ncbi.nlm.nih.gov).The discovery phase is highly creative but also

very lengthy and uncertain. There are no fixed regulatory deadlines, so timelines vary widely. It can easily take

3 to 6 years or more just to identify a promising preclinical candidate (www.antidote.me). For example, one

overview notes that “research begins in the discovery phase, which is the three to six years that involves

investigating new ideas… followed by animal trials” (www.antidote.me). Within discovery, much of the time goes

to biochemical and cellular studies, iterative chemistry/biology cycles, and early testing of formulation or

pharmacokinetics. By some counts, discovery plus non-clinical development in labs will consume roughly a third

of the total timeline.

Importantly, attrition is enormous at this stage. For every 10,000 compounds screened, perhaps only hundreds

become hits, tens become leads, and only a handful emerge as viable preclinical candidates. In other words, the

success rate from entry at screening to a candidate ready for animal testing is on the order of 0.1–1%.

This means enormous effort is expended on failures. No standard success quotation is universally accepted for

the very early phase, but this sky-high attrition helps explain why discovery can take many years with so few

successes. (For context, a 2007 analysis found that roughly 1 in 250 drugs entering preclinical makes it to FDA

approval ([2] studylib.net), indicating thousands more fail earlier.)

Recent advances aim to speed discovery (e.g. AI-driven virtual screening, genomic drug targets, and phenotypic

assays). Indeed, modern tools like CRISPR gene editing, high-content imaging, and computational modeling are

cropping up to accelerate target validation or hit finding ([7] pmc.ncbi.nlm.nih.gov). One analysis argues AI has a

huge potential impact in drug discovery, given the astronomical number (~10^23–10^66) of possible small

molecules, and projects that AI may dramatically improve efficiency ([7] pmc.ncbi.nlm.nih.gov) ([8]

pmc.ncbi.nlm.nih.gov). However, the net effect on calendar time remains to be seen. Even with AI assistance,

chemistry still needs to be done and candidates tested in vitro and vivo. Thus, while discovery is evolving, it

remains a major time sink in the overall pipeline.

2. Preclinical Development (Animal Studies and IND

Preparation)

Once a lead compound is selected, it enters the preclinical phase. The goals here are to gather sufficient safety

(toxicity) and biological activity data to justify first-in-human trials. This includes developing a formulation,

conducting in vitro (test tube) assays, and extensive in vivo (animal) experiments in at least two species to

assess toxicity (e.g. impact on organs, dosage safety margins). Pharmacology studies examine metabolism,

dosing regimen, and off-target effects. Data from these studies are compiled into an Investigational New Drug

(IND) application to regulatory authorities. Only after IND clearance can human trials start.

According to industry studies, preclinical development typically takes on the order of 2–3 years ([9]

www.ncbi.nlm.nih.gov) (www.antidote.me). For instance, one NIH analysis reports an average nonclinical

(preclinical) duration of about 31 months ([9] www.ncbi.nlm.nih.gov) (over two years). This aligns with guidance

that discovery plus animal testing often spans several years (www.antidote.me). Unlike discovery, preclinical

work is more standardized (GLP toxicology studies have set protocols), but still requires large, multi-site studies

that consume time. Ensuring GLP compliance, HD formulation, and lengthy animal toxicity studies (e.g. 6-month

toxicology in animals) drive the timeline.
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Attrition in preclinical is also high, though lower than raw discovery. Compounds often fail for toxicity or poor

bioavailability. Historically, only a small fraction of compounds tested in animal studies advance to human trials.

A classic stat from pharmaceutical analyses is that roughly 1 in 250 compounds entering preclinical ultimately

receives approval ([2] studylib.net), implying strong screening. Closer to the clinical phase, one source notes that

“out of 250 drugs entering preclinical trials only one gets approval” ([2] studylib.net). In other words, only 0.4%

of preclinical candidates succeed all the way. Thus preclinical alone accounts for most of the time pre-human

testing (on the order of ~2–3 years) while filtering out >99% of candidates.

The cost of preclinical is significant but not as dominant as clinical costs. DiMasi et al. (2016) estimated roughly

$121 million (naïve out-of-pocket) for preclinical R&D per approved drug . This cost arises from dozens of animal

studies, manufacturing of trial-grade drug supply, and regulatory submissions. Every dollar spent here is sunk,

and many of these programs (often yielding tens of millions in spend) ultimately fail before reaching humans.

3. Clinical Trials – Phase I

After successful IND filing, a compound enters Clinical Phase I. This is the first time the drug is administered to

humans. The primary goal of Phase I is to evaluate safety, tolerability, pharmacokinetics (absorption,

distribution, metabolism, excretion) and sometimes pharmacodynamics at escalating doses. Typically, these

trials involve a small number of healthy volunteers or sometimes patients (especially in cancer or rare disease

where healthy volunteers may not be ethical). Doses begin very low and gradually increase, monitoring subjects

closely for adverse effects.

The typical duration of a Phase I trial is relatively short, often on the order of several months to about one

year (www.antidote.me). For example, one industry overview notes “Phase I … will last for several months”

(www.antidote.me). Such trials might recruit 20–100 subjects, with sequential cohorts. Even if the trial itself is

short, the setup and IND clearance add months, so the calendar time to complete Phase I in a fast case might be

6–12 months or slightly more.

Only those compounds that are deemed sufficiently safe move to Phase II. Historically, the probability that a

compound in Phase I will advance to Phase II is in the range of 60–70% (www.antidote.me). The Antidote blog

(citing PhRMA data) indicates ~70% of drugs in Phase I proceed to Phase II (www.antidote.me). This relatively

high transition (compared to later phases) reflects the small scale and safety-focused nature of Phase I; many

dropouts are due to intolerable side effects or pharmacokinetic surprises. Out-of-pocket costs for Phase I are

smaller (DiMasi 2016 estimates ~$25 million, 7.5% of clinical spend ([9] www.ncbi.nlm.nih.gov)), but each trial is

complex.

4. Clinical Trials – Phase II

Compounds that pass Phase I safety hurdles enter Phase II, the first test of efficacy in humans. Phase II trials

enlarge the participant pool (typically hundreds of patients who have the disease of interest) and continue to

monitor safety, but with a key focus: Does the drug work against the disease? These may be randomized

controlled trials often including a placebo or active comparator. Multiple Phase II studies (Phase IIa, IIb) can be

run to fine-tune dosing regimens, endpoints, and patient selection.

Phase II is highly informative but also a frequent “make or break” stage. Duration is usually 1–2 years or longer.

In practice, Phase II trials can linger 1–3 years depending on complexity and recruitment rates. (A broad industry

estimate is that Phase II typically lasts between 1 and 4 years (www.antidote.me), with 1–2 years being

common.) These trials often have a few hundred patients, and enrollment plus follow-up are time-consuming.

Even after data are collected, additional time is needed for analysis and planning for Phase III.
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Attrition skyrockets at Phase II. Many drugs fail here due to lack of efficacy or unexpected toxicity differences in

patients. The Antidote summary reports that only about 33% of drugs that enter Phase II will make it through to

Phase III (www.antidote.me). Equivalently, about 70% of drugs entering Phase II fail. Since 70% had left Phase I,

this means roughly 20% of drugs that entered Phase I succeed in transitioning through Phase II into Phase III.

(This is consistent with other industry estimates: overall clinical success from start of Phase I to approval is only

~10–20% ([3] pmc.ncbi.nlm.nih.gov).) Because of this high failure risk, costs in Phase II are substantial: DiMasi

estimates ~$58.6 million (17.3% of clinical R&D) for Phase II per new drug ([9] www.ncbi.nlm.nih.gov).

5. Clinical Trials – Phase III

Phase III trials are the most extensive human studies and typically determine whether a drug will be approved.

These randomized, placebo- or active-controlled trials involve large numbers of patients (often thousands)

across many sites and sometimes multiple countries. The goals are to definitively confirm efficacy (endpoints

like symptom improvement, disease progression, survival, etc.), continue safety evaluation, and usually compare

the drug to standard treatments. Due to the larger scale and rigor, Phase III is also far more complex.

The duration of Phase III can range from 2 to 4 years or more. Industry overviews estimate Phase III trials

usually “last between one and four years” (www.antidote.me), with 2–3 years being typical. (Some extremely

large trials or those with long endpoints may take longer.) If Phase II provides partial data, Phase III takes that

forward, but often the trial still needs to accrue hundreds or thousands of patients and then wait for outcome

events. Geographical diversity of trial sites can introduce logistical delays. Thus, Phase III is frequently the

single longest stage in the timeline.

Only about 30–40% of drugs entering Phase III ultimately win approval. In other words, the probability of Phase

III success is roughly one-third (www.antidote.me). (Academic estimates vary, but Tufts CSDD and industry

analyses agree only ~25–30% of Phase III trials lead to a marketed drug.) This attrition reflects both the real risk

and the fact that by this stage, much larger investment is at stake. Every Phase III failure means the company

has spent millions to tens of millions for no product. Unsurprisingly, Phase III dominates the cost structure of

clinical development: one study found that Phase III accounts for 75.3% of clinical trial costs ([9]

www.ncbi.nlm.nih.gov). In concrete terms, that was about $255 million (in 2013 dollars) out of a $339 million total

clinical spend per new drug ([9] www.ncbi.nlm.nih.gov).

Summing up the clinical phases, a typical new drug will spend roughly 6–8 years in clinical development. As

one source puts it, “the clinical trial stages [Phase I–III] tak [e] six to seven years” of the total development time

(www.antidote.me). This aligns with a report that the clinical phase lasted ~95 months on average ([9]

www.ncbi.nlm.nih.gov) (about 7.9 years). Combined with the 2–3 years of preclinical work, the overall pre-

approval timeline from target selection to regulatory submission often reaches 10+ years ([9]

www.ncbi.nlm.nih.gov) (www.antidote.me). Table 1 below summarizes the approximate durations and attrition

of each phase.

Development

Stage

Typical

Duration
Key Activities Attrition/Success

Discovery (Target

ID & Hit

Generation)

~3–6 years

Target identification, high-throughput

screening, lead optimization ([6]

www.ncbi.nlm.nih.gov)

Very high attrition; only a few compounds of

thousands become leads. Overall success

<1%.

Preclinical (Animal

Studies)
~2–3 years

In vitro and in vivo toxicology,

pharmacokinetics, formulation

development. Prepare IND.

~99%+ fail before clinical; ≈1 of 250 from

preclinical reach approval ([2] studylib.net).

Phase I (Human

Safety)

~0.5–1 year First-in-human dosing (20–100 subjects)

to assess safety, dosage range, PK/PD

≈70% advance to Phase II

(www.antidote.me). (~30% drop due to
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Development

Stage

Typical

Duration
Key Activities Attrition/Success

(www.antidote.me) toxicity/safety issues.)

Phase II (Initial

Efficacy)
~1–2 years

Controlled trials (~100–300 patients) for

efficacy signals and dose optimization

(www.antidote.me)

Only ≈33% of Phase II entrants progress to

Phase III (www.antidote.me); majority fail

due lack of efficacy.

Phase III (Pivotal

Trials)
~2–4 years

Large trials (∼1,000–3,000+ patients) to

confirm efficacy, monitor side effects

(www.antidote.me)

~25–30% of Phase III programs succeed.

Overall success Phase I→Approval ~10–20%

([3] pmc.ncbi.nlm.nih.gov).

Regulatory Review

(NDA/BLA)

~1–1.5

years (18

mo)

Submit data to FDA/EMA, agency review

(priority review 6 mo, standard ~10–12 mo

([10] www.fda.gov)).

83% of submitted NDAs approved ([11]

studylib.net) (if trials were successful).

Table 1. Summary of drug development stages, typical timelines, activities, and attrition. Duration and success

rates are approximate and based on industry data ([2] studylib.net) ([3] pmc.ncbi.nlm.nih.gov) (www.antidote.me).

From Table 1 and the above discussion, it is clear why drug development often reaches 10+ years:

Cumulative Phase Durations: Each stage stacks sequentially: e.g. 2–3 years (preclinical) + ~0.5–1 + 1–2 +

2–4 + ~1 = ~6.5–11+ years before approval (plus additional time if clinical hold or extra analyses are

needed).

Large Attrition: With only ~10–20% of candidates proving successful from Phase I onward ([3]

pmc.ncbi.nlm.nih.gov) (www.antidote.me), companies repeatedly start new programs for failures. This

effectively lengths the calendar time until one success emerges.

Regulatory Review Time: Even after trials, FDA/EMA review adds ~1–1.5 years (priority review can shorten

to 6 months ([10] www.fda.gov), but standard review is about 10–12 months) ([11] studylib.net).

In aggregate, multiple analyses converge on the figure that about a decade is typical. For example, a PhRMA-

affiliated source notes “an average of 10 years will pass between initial discovery to full approval

(www.antidote.me).” Similarly, academic reviews and industry surveys consistently report 10–12 years from

target validation to market ([1] studylib.net) (www.antidote.me). This plateau has persisted even as drug

complexity has increased.

6. Regulatory Submission and Approval

After successful completion of Phase III, the sponsor company submits a New Drug Application (NDA) or

Biologics License Application (BLA) to regulatory authorities (e.g. FDA in the U.S., EMA in Europe). The drug

regulator then conducts a comprehensive review. Under standard review, the FDA has a goal of about 10

months to approve or not ([10] www.fda.gov), while Priority Review status targets 6 months ([10] www.fda.gov). In

practice, one study found the average time from NDA submission to approval was 18.2 months ([11] studylib.net)

(that includes review and any company responses to queries). For successful NDAs, about 83% eventually

receive approval ([11] studylib.net). Thus, even regulatory processing adds a year or more. Note that regulatory

agencies can also request further trials (complete response), introducing more delays or causing ultimate

failure.

Globally, the regulatory review timeline can differ between jurisdictions. The FDA and EMA timings have often

been compared: a recent analysis (2013–2023) found U.S. approvals tend to occur slightly faster than European

ones on average (median FDA lead of ~0.1 year over EMA) ([12] link.springer.com), though individual cases vary.

Programs like FDA’s Accelerated Approval or Breakthrough Therapy designation aim to further speed
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approvals for high-need cases, but these are exceptions. Ultimately, regulatory review is a critical gate: taking

on the order of a year to 18 months, it extends the timeline further.

7. Post-Approval Phase (Phase IV)

Although beyond “approval to market,” it is worth noting that vigilance continues after launch. Phase IV or post-

marketing studies may be mandated by regulators to monitor long-term safety or to explore new indications.

While not necessary to bring the drug to market, they reflect the drug’s continuing lifecycle and the fact that

some questions may persist even after approval. Large-scale safety monitoring (pharmacovigilance) can detect

rare adverse events years later, underscoring that evidence gathering never truly stops.

Quantitative Timeline Analysis
To illustrate the data behind the typical timelines, we present some concrete metrics from industry studies:

Total Development Time: Regulatory and industry reports commonly cite 10+ years as the average new drug timeline. The

PhRMA-endorsed source notes an “average of 10 years” (www.antidote.me) from discovery to approval, with clinical phases

consuming ~6–7 years of that time. In 2009 the Tufts CSDD reported an unchanged ~8-year time even after faster reviews

([5] www.eurekalert.org), and by the mid-2010s analyses still find roughly 11–12 years from target selection to launch ([1]

studylib.net) (www.antidote.me).

Time by Phase: The NIH analysis (Sertkaya et al., 2020) summarizes that clinical trials alone averaged ~95 months (7.9

years), vs 31 months (2.6 years) for preclinical work ([9] www.ncbi.nlm.nih.gov). Thus, by that account, ~10.5 years spans

IND-to-approval (not counting regulatory review). Other sources similarly report ~6–8 years of clinical and ~3–4 years

preclinical (www.antidote.me).

Attrition Rates: Perhaps the most cited figures are 1 in 5 and 1 in 250: out of every 250 preclinical programs, only 1 is

approved ([2] studylib.net); of those entering clinical trials (Phase I), only about 1 in 5 (20%) ultimately win approval ([2]

studylib.net). This roughly corresponds to ~10–20% phase I-to-market success ([3] pmc.ncbi.nlm.nih.gov). (The

probability from Phase II to Marketed is even lower, often quoted ~30% of Phase II pass Phase III.) These numbers underline

why huge numbers of projects must be started to produce a single marketed drug.

Cost Distribution: To contextualize why companies aim to recoup costs (and thus emphasize speeding development), note

the huge expenditures. A 2016 study estimated the clinical trial cost (including failures) at about $339 million per drug

(2013 USD) ([9] www.ncbi.nlm.nih.gov). Phase III alone accounted for ~75% (~$255M) of that clinical trial cost ([9]

www.ncbi.nlm.nih.gov) (Table 2). Adding in preclinical and capital costs, the often-cited $2.6 billion figure (including cost

of capital) comes from similar Tufts analyses (2014) . Whether the true figure is $800M or $2.6B remains debated, but all

agree that multi-hundred-million expenditures per drug are the norm. Table 2 extracts the breakdown of clinical trial

spending by phase from DiMasi et al. (2016).

Phase % of Clinical Cost ([9] www.ncbi.nlm.nih.gov) Avg. Cost (2013 $) ([9] www.ncbi.nlm.nih.gov)

Phase I 7.5% $25.3 million

Phase II 17.3% $58.6 million

Phase III 75.3% $255.4 million

Total (PH I–III) 100% $339.3 million

Table 2. Clinical trial cost breakdown by phase. Phase III is by far the largest expense ([9] www.ncbi.nlm.nih.gov).

(These “out-of-pocket” costs exclude preclinical and post-approval costs.)
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These figures help explain the financial squeeze that ties into timeline pressures. Each extra year of

development eats into patent-protected sales years, reducing the time to recoup investment. One analysis notes

that with an ~12-year development time, a typical drug may only have 10 effective years of patent life

remaining to sell ([13] studylib.net). Hence the industry incentive to minimize delays.

Factors Prolonging the Timeline
Having outlined the stages and durations, we now examine in depth why these phases take so long. Key

contributing factors include:

Scientific and Clinical Complexity. Modern drugs often target complex diseases (cancer, Alzheimer’s, etc.) where both

biology and patient responses are intricate. Designing trials with appropriate endpoints or surrogate markers can take years

of planning. For example, cancer trials may need survival endpoints, requiring long patient follow-ups. Neurological diseases

or autoimmune conditions may likewise need extended observation. The search for reliable biomarkers and the

heterogeneity of patient populations add to complexity.

Regulatory Requirements. We have emphasized the regulatory safeguards: demonstrating safety and efficacy through

well-controlled trials is mandatory. Each experimental move often requires protocol reviews, ethics approvals, and FDA/EMA

consultations, each of which adds time. Regulatory agencies may impose additional requests (e.g. “submit more animal

data” or hold a trial pending more safety observations), which can pause development for months. Even good-faith safety

pauses (a toxic event triggers a pause) add unacceptable delay from the sponsor’s view.

Trial Design and Recruitment. Complex trial designs (adaptive protocols, multiple arms) can extend planning and execution

time. Recruiting patients is a notorious bottleneck: stringent inclusion/exclusion criteria (to create a homogeneous study

group) often make it hard to find enough participants. Slow enrollment can easily add 6–12 months to a trial. Rare diseases

face even more extreme recruitment hurdles. In Phase II/III especially, global multicenter trials are common, which bring

logistical coordination issues.

High Failure/Attrition. The high attrition rates mean that most early-stage programs fail. When a program fails at any

phase, the time invested is “wasted” and the sponsor must either abandon the indication or start over with a new candidate.

These cycles of failure contribute to the long average: while any single program might have progressed faster, the pipeline

needs to keep levels high to yield any success. Economically, companies mitigate by running many parallel programs;

chronologically, that means additional discovery campaigns begin while others continue, stretching the total R&D timeframe.

Investment and Resources. Many aspects of development compete for limited resources (scientists, lab animals, trial

sites). Leading firms may line up projects, but smaller companies or academic labs often lack the funding to expedite

processes. Financial constraints can cause gaps (e.g. pausing research to seek grants or partnerships) that slow the

timeline. Even in big pharma, batches for toxicology or clinical supply must be outsourced or scheduled; capacity

constraints can create wait times.

Coordination with Manufacturing. As a drug nears approval, efforts to scale up (manufacturing) for clinical supply and

eventually market production begin. Meeting Good Manufacturing Practice (GMP) standards and transferring laboratory

processes to pilot plants can add months. If issues arise (batch failures, formulation instability), these can demand

reformulation work, again delaying progress.

Patent and Business Strategy. Finally, patent life and market strategy influence timing. Some companies deliberately

postpone filings until Phase II or III, which can push back NDA submission. Conversely, pushing too fast can risk insufficient

data at filing. Decisions about which indications to pursue (e.g. orphan vs broad market) also shape the timeline. In some

cases, developers may take longer to find a better primary endpoint or a special regimen that justifies a premium pricing,

rather than rushing an approval. These strategic choices, while potentially wise, lengthen the process.

In essence, every step is encumbered by thoroughness and caution. A small mistake or oversight at any point

can cause months of delay or even trial termination. Therefore, the 10+ year timeline emerges from the sum of

scientifically and procedurally demanding steps. The evidence from data and expert analysis strongly supports

that extended duration is not coincidental but integral to ensuring new therapies are sound.
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Perspectives and Case Examples
To appreciate the timeline’s breadth, it is helpful to consider multiple perspectives and real-world examples:

Industry Viewpoint. Pharmaceutical executives often emphasize risk and cost. Tufts CSDD data show R&D costs are rising

and success rates falling, implying any rushed development heightens risk. Industry commentaries note that with phase III

trials often costing hundreds of millions, companies must carefully justify accelerated programs. Many large companies also

report that breakthroughs requiring novel endpoints or first-in-class targets naturally take longer (up to 15+ years) due to

uncharted biology. Yet industry also challenges inefficiencies; for instance, some argue that overly burdensome

documentation or bureaucratic processes in trials could be streamlined with better digital systems.

Regulatory Perspective. Regulators (FDA/EMA) maintain that patient safety cannot be compromised, thus each new

molecular entity demands rigorous proof. They point to incidents of early approvals (or lowered standards) in the 20th

century that led to avoidable harm. That history justifies requiring large evidence bases, which takes time. Regulatory

agencies have also created expedited pathways (e.g. Priority Review, Fast Track, Accelerated Approval, Breakthrough

Designation in the U.S.), acknowledging that for “important new therapies” the timeline can be shortened without reducing

standards ([10] www.fda.gov). These programs can cut review time down to 6 months ([10] www.fda.gov) and allow Phase II

trial results to suffice in place of full Phase III on a conditional basis. However, sponsors must still gather substantial data

during development. Regulators caution that faster does not always mean safe; indeed, post-marketing studies (Phase IV)

are used to catch what even Phase III may miss.

Patients and Public. Patient advocacy groups inevitably want cures faster, especially for severe or orphan diseases. They

often view the extended timelines as tragic delays. For example, cystic fibrosis and ALS communities have impatiently

watched decades of research with only recent successes. These stakeholders argue that surrogate endpoints or more

flexible trial designs (e.g. smaller, adaptive trials) could speed up results. In some cases, regulatory “compassionate use” or

“right-to-try” debates highlight patients’ frustration with slow access. However, the counterargument is that shortened trials

increase the chance that harms are missed, potentially causing widespread risks (similar to the Vioxx situation where

cardiovascular risks emerged only after approval).

Scientific and Technology Trends. Technologists and academic researchers see promise in new methods. The explosion of

genomics, AI, and combinatorial chemistry suggests that the discovery phase could accelerate in the future. Indeed, recent

case studies show that AI-designed molecules have entered clinical trials in under a year ([7] pmc.ncbi.nlm.nih.gov) (see
below). Others point to “platform trials” (shared control groups across multiple drugs) as a way to speed evaluation in fields

like oncology. Gene therapy is another frontier: whereas small molecules take a standard but long path, gene therapies

under recent guidelines (e.g. RMAT designation by FDA) have shown markedly shorter approval times for leading candidates.

These examples illustrate that for specific modalities or diseases, the timeline can occasionally be slashed.

Case Study: COVID-19 Vaccine Development

The global effort to develop COVID-19 vaccines in 2020 provides a striking contrast to normal timelines. A

handful of vaccines reached emergency use authorization in less than a year after the virus was identified. For

instance, Pfizer-BioNTech and Moderna had human trials and efficacy results by late 2020 ([14]

pmc.ncbi.nlm.nih.gov). According to one detailed review, the first SARS-CoV-2 sequence was published in

January 2020 and within mere months five vaccine candidates had entered Phase III trials. Remarkably, these

trials collected enough data “over the course of less than 6 months” to announce high-efficacy results by

November 2020 ([14] pmc.ncbi.nlm.nih.gov).

How was this possible? A pandemic context allowed unprecedented concurrent steps: manufacturing at

financial risk (rather than waiting on approval), overlapping clinical phases (Phase I/II combined in some cases),

priority regulatory review (EUA in the U.S. had a 2-month review target), and massive financial support

(Operation Warp Speed in the U.S. funded front-end costs) ([14] pmc.ncbi.nlm.nih.gov). Collaboration between

agencies (FDA-NIH-Ows) harmonized endpoints so that different companies’ trials could proceed in parallel ([15]

pmc.ncbi.nlm.nih.gov) ([14] pmc.ncbi.nlm.nih.gov). These efforts effectively compressed an ~10-year pathway

into 10 months, demonstrating what can be achieved under crisis-mode.
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While extraordinary and not generalizable, the COVID example highlights that many trial durations are not

immutable laws of nature: they are determined by effort, resources, and risk tolerance. However, even in this

case, each vaccine still needed to demonstrate safety at scale (Phase III with tens of thousands of participants)

– it was not merely “approved with no data.” The difference was acceleration of processes (e.g. background

research on mRNA platforms from years prior) and policy decisions to expedite review. After COVID-19,

regulators and industry both are examining which conditions might safely benefit from such agility in the future.

Case Study: Personalized Cancer Drugs

Another example is the development of targeted cancer therapies, which sometimes use adaptive trials or

biomarkers to shorten development. For instance, novel immunotherapies (like CAR-T cells) often receive

breakthrough therapy designation, which leads to accelerated trials. Companies have leveraged small,

biomarker-driven Phase II trials to get conditional approvals (e.g. Pembrolizumab for MSI-high tumors). In such

cases, meeting an unmet medical need can justify a more flexible approach, sometimes shaving 1–2 years off

the usual path. However, even these programs can take 5–7 years from discovery (some faster than average,

but still multi-year).

Perspective: Rare (Orphan) Disease Drugs

Orphan drug development (for rare diseases) also illustrates timeline issues. On one hand, Orphan Drug Act

incentives encourage firms to pursue small indications with average faster regulatory review; on the other hand,

patient enrollment is typically slower (fewer patients exist). Studies have shown that purely orphan drugs do not

necessarily develop faster — in fact, the small market size often means longer time to reach sufficient trial

enrollment (and higher per-patient costs). One analysis found that clinical development costs per drug were

actually not markedly lower in orphan vs non-orphan drugs, despite smaller trials ([16] ojrd.biomedcentral.com).

This suggests that rarity alone does not dramatically shorten the pipeline, even as grants and exclusivity help

make it financially viable.

In summary, perspectives vary: industry emphasizes cost and risk, regulators emphasize safety, and patients

emphasize speed. Real-world cases show that while timelines are generally long, they can be compressed under

special circumstances (pandemic urgency, groundbreaking therapies) but such exceptions also rely on

extraordinary resources or laxities that may not be widely applicable.

Implications and Future Directions

Current Implications

The lengthy drug development timeline has broad implications:

Healthcare Costs and Drug Prices: Companies often justify high prices by citing R&D cost and time. Critics counter that

long timelines waste patent life, driving prices up to recoup lost revenue years. Indeed, if 10 years are spent before revenue

flows, manufacturers have only a limited window to earn returns. This means new drugs typically enter the market with high

price tags that fund years of research. Payers and policymakers are concerned about sustainability. Moreover, delayed

access to new therapies can have public health costs when potential treatments lie on the bench for years.

Epidemic Preparedness: The COVID-19 experience has prompted questions about regulatory agility. Agencies and

governments are exploring ideas like “pre-approval manufacturing”, platform trials, and stronger international cooperation,

to be ready for future threats. This may lead to incremental policy changes that gradually speed some aspects of drug

development, especially for very high-risk situations. For example, proposals for “adaptive pathways” combine real-world

evidence with trials to approve drugs faster under monitored conditions.
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Innovation Bottlenecks: Some scientists worry that the long timeline stifles innovation. Talented researchers in academia

may avoid drug R&D because of the pace and bureaucracy, focusing on basic science instead. Venture funds may shy away

from early-stage biotech, preferring quicker returns. To address this, there is growing advocacy for translational funding,

public-private consortia, and open-access data. For instance, large-scale collaborations like the NIH’s Accelerating

Medicines Partnership or European Innovative Medicines Initiative aim to share risk and knowledge to leapfrog stages of

development.

Future Trends

Looking ahead, several trends could reshape timelines:

Artificial Intelligence and Digitalization: AI/ML methods are being applied at every stage. Already, AI is accelerating target

identification and hit generation (symmetry with [93†L7-L16]), as reported successful discovery of antibiotic leads via deep

learning ([7] pmc.ncbi.nlm.nih.gov). Machine learning also speeds up property prediction (ADME/Tox), optimizing

molecules in silico. In clinical trials, AI may facilitate patient selection (identifying best candidates faster) and digital

monitoring (accelerating data collection). A recent review enthuses that AI “increases speed, decreases costs, and leads to

better success rate” in drug development ([8] pmc.ncbi.nlm.nih.gov). If broadly implemented, such tools could shorten

discovery and reduce failures.

Adaptive Clinical Trials: Master protocols, basket trials, and adaptive designs allow multiple drugs or indications to be

tested under a unified framework. This can reduce the need for wholly separate trials (saving months or years) and better

utilize patient cohorts. Regulators are increasingly open to such designs, especially in oncology and rare diseases.

Biological and Point-of-Care Innovations: Advances like organ-on-chip models may reduce reliance on lengthy animal

studies, and micro-dosing trials (Phase 0) may provide early human clearance data. Portable diagnostics and telemedicine

can also help recruit and monitor trial participants more quickly, tackling enrollment delays.

Regulatory Science Evolution: Agencies are piloting programs that integrate real-world evidence, like EMA’s adaptive

pathways or FDA’s reliance on RWE. If successful, these can collapse some traditional trial requirements into ongoing

evidence generation. Additionally, international harmonization (e.g. ICH guidelines) aims to reduce duplicative testing. The

roll-out of Project Orbis (a multinational oncology review platform) may accelerate approvals by simultaneous multi-country

reviews.

Funding Models: Initiatives like crowdfunding, philanthropy (e.g. Cystic Fibrosis Foundation) and government prizes for

drug development aim to front-load resources, body-blazing improvements. If successful, they could remove capital gaps

that delay projects.

Despite optimism, challenges remain. Complex diseases continue to present scientific puzzles, and unforeseen

safety issues may always require time to resolve. Ethical, privacy, and data quality issues (especially with AI and

digital health) must be handled carefully, lest new “shortcuts” cause new problems. Nevertheless, the trend is

clear: incremental reductions in timeline are attainable through technology and policy, even if the 10+ year

span may not disappear entirely.

Data Analysis and Evidence-Based Insights
Throughout this report we have highlighted quantitative data on timelines and attrition. Key evidence includes:

NCBI/Erg Study (2020): Sertkaya et al. reported 95 months for clinical phases vs 31 months for preclinical ([9]

www.ncbi.nlm.nih.gov). This rigorous, government-commissioned analysis underscores that about three-quarters of

development time and cost lies in human trials.

Tufts CSDD Reports: As mentioned, Tufts has tracked development times for decades. Their 2009 press release noted ~8

year timelines even with faster FDA review ([5] www.eurekalert.org). A 2014 Tufts report (DiMasi et al., 2016/2010) gave the

oft-cited ~$2,600 million figure (including capital) and the breakout of phase costs ([9] www.ncbi.nlm.nih.gov).
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Clinical Success Rates: The Yamaguchi et al. (2021) study/practitioner review notes the extremely low overall success (~1

in 20,000–30,000 from discovery to market) and ~10–20% from Phase I to approval ([3] pmc.ncbi.nlm.nih.gov). This fractal
of numbers is echoed by others; industry averages routinely cite ~10% end-to-end success. For example, lines in [11]

confirm only 20% of drugs entering clinical ultimately get approved ([17] studylib.net).

Regulatory Review: Sturm et al. (2007) found 83% of NDAs are approved and average review time 18 months ([11]

studylib.net). More recent PDUFA performance reports show median FDA review of ~10 months standard, 6 months priority.

The FDA itself indicates an average standard review in recent years of ~10 months (faster than the 18.2 mo long-term

average in Sturm), again showing that regulatory waits are still a significant click on the clock. We cited [84] for the 6 vs 10

month target under special vs standard review ([10] www.fda.gov).

COVID Vaccines: The accelerated timeline has been documented by numerous sources (CDC, NEJM, etc.). We used

[88†L490-L495] to cite the <6 months to trial results and November 2020 efficacy finding. Other sources (not directly

cited) note the Pfizer/BioNTech trial started in July 2020 and EUA by Dec 2020—only 5 months from first dose to approval.

Such speeds starkly contrast with the average timeline above, highlighting that given urgency and resources timelines can

shrink (though this is an exceptional case).

Future/AI Impact: Contemporary literature on AI and drug R&D (e.g. Crouzet et al. 2024 ([8] pmc.ncbi.nlm.nih.gov))
provides evidence that AI can improve run-rate. One review concluded that AI in drug discovery “increases speed,

decreases costs, and leads to better success rate” ([8] pmc.ncbi.nlm.nih.gov). We include this to illustrate the potential

future effect of new tools.

Conclusion
Drug development is an inherently lengthy process, and for sound scientific and safety reasons the average

timeline from molecule to market widely exceeds a decade. This report has comprehensively detailed each

segment of that journey, supported by data and expert analyses. Key takeaways include:

Multi-Year Phases: Target discovery (~3–6 years) + preclinical (~2–3 years) + clinical (~6–8 years) +

regulatory (∼1–2 years) sum to a typical span of 10–15 years ([9] www.ncbi.nlm.nih.gov) (www.antidote.me).

High Attrition: The vast majority of candidates fail; only about 10–20% of Phase I drugs succeed ([3]

pmc.ncbi.nlm.nih.gov), so large pipelines and repeated cycles of development are needed.

Major Time Consumers: Efficiency is hampered most by lengthy Phase III trials and regulatory reviews,

reflecting the need for robust evidence to protect patients. For example, Phase III alone accounts for ~75%

of trial costs ([9] www.ncbi.nlm.nih.gov) and often years of study.

Evolving Trends: While current norms dictate a decade-long average, innovations are emerging. The

COVID-19 vaccine saga and new technologies (AI, adaptive trials, biomarkers) illuminate possibilities for

acceleration under the right conditions ([14] pmc.ncbi.nlm.nih.gov) ([8] pmc.ncbi.nlm.nih.gov).

Balance of Priorities: The timeline ultimately reflects a compromise among stakeholders: ensuring

safety/effectiveness (time) vs delivering treatments swiftly (speed). Enhancements in methodology and

policy can chip away at the delays, but each step must still be thorough.

In conclusion, the drug development timeline is long because the prize—safe and effective new medicines—

demands extensive validation and care. We have waded through the historic, procedural, and scientific details

underlying this timetable. Going forward, coordination among industry, regulators, and technology developers

will be crucial to shave years off the process without sacrificing patient safety. The push-and-pull continues, but

any future compression of the timetable will rely on the same pillars uncovered here: smarter discovery, smarter

trials, and smarter regulation, all grounded in the evidence analyzed.

References: Detailed references throughout text (e.g. Sertkaya et al. NCBI ([9] www.ncbi.nlm.nih.gov), Sturm et
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IntuitionLabs - Industry Leadership & Services

North America's #1 AI Software Development Firm for Pharmaceutical & Biotech: IntuitionLabs leads the US

market in custom AI software development and pharma implementations with proven results across public

biotech and pharmaceutical companies.

Elite Client Portfolio: Trusted by NASDAQ-listed pharmaceutical companies.

Regulatory Excellence: Only US AI consultancy with comprehensive FDA, EMA, and 21 CFR Part 11 compliance

expertise for pharmaceutical drug development and commercialization.

Founder Excellence: Led by Adrien Laurent, San Francisco Bay Area-based AI expert with 20+ years in software

development, multiple successful exits, and patent holder. Recognized as one of the top AI experts in the USA.

Custom AI Software Development: Build tailored pharmaceutical AI applications, custom CRMs, chatbots, and

ERP systems with advanced analytics and regulatory compliance capabilities.

Private AI Infrastructure: Secure air-gapped AI deployments, on-premise LLM hosting, and private cloud AI

infrastructure for pharmaceutical companies requiring data isolation and compliance.

Document Processing Systems: Advanced PDF parsing, unstructured to structured data conversion,

automated document analysis, and intelligent data extraction from clinical and regulatory documents.

Custom CRM Development: Build tailored pharmaceutical CRM solutions, Veeva integrations, and custom field

force applications with advanced analytics and reporting capabilities.

AI Chatbot Development: Create intelligent medical information chatbots, GenAI sales assistants, and

automated customer service solutions for pharma companies.

Custom ERP Development: Design and develop pharmaceutical-specific ERP systems, inventory management

solutions, and regulatory compliance platforms.

Big Data & Analytics: Large-scale data processing, predictive modeling, clinical trial analytics, and real-time

pharmaceutical market intelligence systems.

Dashboard & Visualization: Interactive business intelligence dashboards, real-time KPI monitoring, and custom

data visualization solutions for pharmaceutical insights.

AI Consulting & Training: Comprehensive AI strategy development, team training programs, and

implementation guidance for pharmaceutical organizations adopting AI technologies.

Contact founder Adrien Laurent and team at https://intuitionlabs.ai/contact for a consultation.
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DISCLAIMER

The information contained in this document is provided for educational and informational purposes only. We make no

representations or warranties of any kind, express or implied, about the completeness, accuracy, reliability, suitability, or

availability of the information contained herein.

Any reliance you place on such information is strictly at your own risk. In no event will IntuitionLabs.ai or its representatives

be liable for any loss or damage including without limitation, indirect or consequential loss or damage, or any loss or

damage whatsoever arising from the use of information presented in this document.

This document may contain content generated with the assistance of artificial intelligence technologies. AI-generated

content may contain errors, omissions, or inaccuracies. Readers are advised to independently verify any critical information

before acting upon it.

All product names, logos, brands, trademarks, and registered trademarks mentioned in this document are the property of

their respective owners. All company, product, and service names used in this document are for identification purposes

only. Use of these names, logos, trademarks, and brands does not imply endorsement by the respective trademark holders.

IntuitionLabs.ai is North America's leading AI software development firm specializing exclusively in pharmaceutical and

biotech companies. As the premier US-based AI software development company for drug development and

commercialization, we deliver cutting-edge custom AI applications, private LLM infrastructure, document processing

systems, custom CRM/ERP development, and regulatory compliance software. Founded in 2023 by Adrien Laurent, a top AI

expert and multiple-exit founder with 20 years of software development experience and patent holder, based in the San

Francisco Bay Area.

This document does not constitute professional or legal advice. For specific guidance related to your business needs,

please consult with appropriate qualified professionals.

© 2025 IntuitionLabs.ai. All rights reserved.
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