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Executive Summary

Drug development is a long, complex, and high-stakes process by which new therapeutic drugs are

discovered, tested, and brought to market. This report provides an in-depth examination of the end-to-end drug

develo

pment pipeline, highlighting each stage from initial drug discovery through clinical trials, regulatory

approval, and post-market surveillance. Key findings are summarized as follows:

Pharma & biotech Al consulting - Custom software - Data engineering

Scope and Scale: Drug development commonly requires years of laboratory, preclinical, clinical, and
regulatory work. Cost estimates vary substantially with the study design and which costs are included.
For example, a 2025 RAND analysis of 38 drugs approved in 2019 reported a median development cost
of $708 million after adjusting for the cost of capital and discontinued candidates (the median direct R&D
cost alone was about $150 million); that estimate should not be treated as a universal cost for every
product. [https://www.rand.org/news/press/2025/01/07.html] FDA describes development as a sequence
of discovery, preclinical research, clinical research, regulatory review, and post-market safety
monitoring. [https://www.fda.gov/patients/learn-about-drug-and-device-approvals/drug-development-
process]

Pipeline Stages: The drug development pipeline consists of distinct phases. It begins with Drug
Discovery, where researchers identify promising targets and lead compounds through insights into
disease biology, high-throughput screening, and medicinal chemistry. Promising leads undergo
Preclinical Research in labs and animal models to evaluate safety (toxicology), efficacy, and

Page 2 of 37


https://www.rand.org/news/press/2025/01/07.html
https://www.fda.gov/patients/learn-about-drug-and-device-approvals/drug-development-process
https://www.fda.gov/patients/learn-about-drug-and-device-approvals/drug-development-process

IntuitionLabs

pharmacokinetics. If preclinical results are favorable, a formal Investigational New Drug (IND)
application is filed to regulatory authorities (like the U.S. FDA) to gain approval to start Clinical Trials
in humans. Clinical development proceeds in Phase | (small-scale safety studies in healthy volunteers
or patients), Phase Il (medium-scale trials in patients to assess efficacy and dosing), and Phase Il
(large-scale pivotal trials to definitively establish safety and efficacy). Each successive phase involves
more participants and more rigorous demonstration of the drug’s therapeutic value. If Phase Il results
are successful, developers submit a New Drug Application (NDA) or Biologics License Application
(BLA) to regulators summarizing all findings. Regulatory agencies then conduct a thorough Review and
Approval process, evaluating whether the drug’s benefits outweigh its risks. Upon approval, the drug
enters the market, but the process continues with Phase IV Post-Marketing Surveillance to monitor
long-term safety in the general population and to fulfill any post-approval study commitments
[https://www.fda.gov/patients/learn-about-drug-and-device-approvals/drug-development-process]. Every
step is governed by strict scientific and ethical standards to ensure patient safety and drug efficacy.

« Challenges and Attrition: The report highlights the major challenges contributing to the high failure
rates in drug development. Approximately 90% of drug candidates that enter clinical trials ultimately
fail to reach the market [https://pmc.ncbi.nim.nih.gov/articles/PMC9293739/]. The leading causes of
failure include lack of efficacy (responsible for ~40-50% of failures), unforeseen human toxicity or side
effects (~30%), inadequate drug-like properties (e.g. poor pharmacokinetics) (~10-15%), and
commercial or strategic factors (~10%) [https://pmc.ncbi.nim.nih.gov/articles/PMC9293739/]. These
issues often manifest in Phase Il or Ill, where drugs sometimes prove ineffective in patients despite
promising early data, or reveal safety problems when tested in larger populations. The report discusses
how careful target selection, better predictive preclinical models, and adaptive trial designs are being
used to mitigate these risks.

« Regulatory and Historical Context: Modern drug development practices are deeply shaped by
historical events and evolving regulations. Notably, tragedies like the 1937 sulfanilamide elixir
poisoning (which killed 100+ people) prompted the 1938 Federal Food, Drug, and Cosmetic Act
requiring proof of drug safety before marketing
[https://www.theatlantic.com/technology/archive/2018/01/the-accidental-poison-that-founded-the-
modern-fda/550574/]. Similarly, the thalidomide birth defects crisis of 1961-1962 led to the Kefauver-
Harris Amendments of 1962, which mandated rigorous demonstration of drug efficacy and safety
through controlled clinical trials prior to approval
[https://www.theatlantic.com/technology/archive/2018/01/the-accidental-poison-that-founded-the-
modern-fda/550574/]. These regulations established the framework of phased clinical trials and the
requirement of regulatory review, fundamentally shaping today’s pipeline. Over time, additional
regulatory pathways have been introduced to balance speed and safety — for example, Accelerated
Approval (introduced in 1992, spurred by HIV/AIDS activism)
[https://cancerhistoryproject.com/article/accelerated-approval-and-the-fda/] and, later, Breakthrough
Therapy designation (created in 2012) to expedite drugs for serious conditions
[https://lwww.fda.gov/patients/fast-track-breakthrough-therapy-accelerated-approval-priority-
review/breakthrough-therapy]. This report provides context on these developments and how they
influence current drug development paradigms.
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« Case Studies and Perspectives: Real-world case studies illustrate the pipeline in action from multiple
perspectives. The report examines successful examples like Imatinib (Gleevec), a landmark targeted
cancer therapy that, after decades of research on the BCR-ABL oncogene target, moved from first-in-
human testing in 1998 to FDA approval in 2001, transforming chronic myeloid leukemia outcomes. This
case highlights the power of rational drug design and biomarker-driven development. Another case
study on COVID-19 vaccine development demonstrates how the pipeline can be dramatically
accelerated during a global health emergency — compressing what typically is a decade of work into
under a year through unprecedented collaboration, funding, and overlapping trial phases. In contrast,
the report also analyzes failures and post-market issues — such as the late-stage failure of many
Alzheimer’s drug candidates despite huge investments, and safety withdrawals like Vioxx, a painkiller
pulled from the market for cardiac risks after initial approval. These examples provide lessons learned
on the importance of robust trial design, post-market vigilance, and continuous risk-benefit assessment.

« Future Outlook: The drug development landscape is continuously evolving. Emerging technologies and
methodologies are poised to improve efficiency and success rates. Genomics and precision medicine
enable identification of better targets and stratification of patients more likely to respond, increasing trial
success probabilities (trials that utilize biomarkers have roughly double the success rate of those that do
not [https://pmc.ncbi.nim.nih.gov/articles/PMC6409418/]). Artificial intelligence and in silico modeling
are being applied to drug discovery and trial optimization, potentially reducing time and cost — as of early
2026, over 173 Al-discovered drug programs are in clinical development, with Insilico Medicine's
rentosertib entering a Phase Il trial in idiopathic pulmonary fibrosis (GENESIS-IPF-3, first patient dosed
in September 2026) following positive Phase lla results published in Nature Medicine in June 2025
[https://insilico.com/blog/1112] [https://insilico.com/news/isn1009261-insilico-medicine-doses-first-
patient-genesis-ipf-3]. Novel clinical trial designs (adaptive trials, master protocols) allow more flexible
and informative studies. Regulatory agencies are also adapting, providing guidance for using real-world
evidence and adaptive approval mechanisms to get critical therapies to patients sooner while ensuring
follow-up data collection. In 2025, the FDA approved 46 novel drugs (34 new molecular entities and 12
biologics), maintaining a 5-year average of 48 new drugs per year
[https://cen.acs.org/pharmaceuticals/FDAs-new-drug-approvals-dipped/104/web/2026/01]. The report
discusses these trends and their implications for the future of drug development. Overall, while
challenges remain formidable, a combination of scientific innovation, strategic trial design, and
collaborative effort is driving the pipeline toward greater productivity.

In conclusion, drug development is an arduous but essential endeavor for advancing public health. This
comprehensive guide unpacks each stage of the pipeline, backed by data, expert insights, and historical
perspective. By understanding the complexities and critical success factors in end-to-end drug development,
stakeholders can better navigate the pipeline, improve decision-making, and ultimately bring new lifesaving
therapies to patients more efficiently. The following sections delve into each aspect in detail, with extensive
evidence and examples supporting the discussion.
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Introduction

Developing a new drug is one of the most challenging and resource-intensive efforts in modern science and
medicine. It involves transitioning an initial scientific idea — such as a promising molecule or therapeutic
concept — through a multistage pipeline culminating in an approved medication available to patients. This
pipeline integrates diverse disciplines including molecular biology, chemistry, pharmacology, clinical medicine,
and regulatory science. The stakes are extraordinarily high: successful new drugs can revolutionize treatment
of diseases and save lives, whereas failures consume huge investments and time. On average, bringing a
single new drug to market takes well over a decade of research and testing and costs on the order of
hundreds of millions to billions of dollars[https://pmc.ncbi.nim.nih.gov/articles/PMC9293739/] — with recent
Deloitte analyses estimating $2.23 billion per approved drug for large pharma in 2024, while a 2025 RAND
study of 38 drugs found a median cost of $708 million after adjusting for the cost of capital and discontinued
candidates, with a median direct R&D cost of about $150 million
[https:/iwww.rand.org/news/press/2025/01/07 .html] [https://pmc.ncbi.nim.nih.gov/articles/PMC11704977/].
Moreover, the probability of success is low — the average likelihood of approval for a drug entering Phase | is
now just 6.7% based on 2014-2023 data, down from roughly 10% a decade earlier
[https:/iwww.norstella.com/why-clinical-development-success-rates-falling/]. This combination of long timelines,
high costs, and high failure rates highlights why the drug development process is often described as a “high-
risk, high-reward” endeavor.

Despite these challenges, the societal impact of successful drug development is immense. New medications
can dramatically improve patient outcomes, extend life expectancy, and even eradicate diseases. For
example, the development of antibiotics transformed infectious disease treatment in the 20th century, and
more recently targeted cancer therapies (like kinase inhibitors and immunotherapies) have significantly
improved survival in previously untreatable cancers. The COVID-19 pandemic starkly illustrated both the
importance and the possibilities of drug and vaccine development, as scientists worldwide raced to develop
effective vaccines and treatments in record time. These achievements are built on the foundations of the
modern drug development pipeline — a process refined over decades to maximize patient safety and
therapeutic efficacy.

Background and Definitions: It is useful to clarify what we mean by “drug development.” In this report, the
term encompasses the entire process required to bring a new pharmaceutical product from an idea in the
laboratory to a marketed therapy for patients. This includes early drug discovery (identifying a biological
target and a lead compound that modulates that target), preclinical research (laboratory and animal studies
to characterize the candidate’s effects and safety), clinical trials in humans (phases |-, to test safety and
efficacy in increasing scales of patient populations), and the regulatory approval steps needed to verify that
the drug can be safely and effectively used in the general population. Often, the term “drug development” is
used in contrast to “drug discovery.” Drug discovery refers more specifically to the initial identification of
candidate compounds and preliminary testing, whereas drug development often implies the broader process
including clinical trials and regulatory steps. In practice, however, drug discovery and development are a
continuum, and success requires careful management of the entire end-to-end pipeline. This pipeline applies
primarily to new molecular entities (NMEs) — which can be traditional small-molecule drugs or larger
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biological products (biopharmaceuticals such as monoclonal antibodies, therapeutic proteins, gene therapies,
etc.). While the general principles are similar for small molecules and biologics, there are some differences in
technigues and regulatory pathways that will be noted where relevant.

Importance of Rigor and Safety: A core principle underlying every stage of drug development is ensuring
that a new drug is both effective for its intended use and safe for patients. History provides sobering
reminders of why rigorous testing is necessary. In the early 20th century, there were virtually no regulations
requiring proof of safety or efficacy for new drugs. Medicines were often sold directly to the public with
unverified claims — so-called “patent medicines” or snake oil remedies. This changed only after public health
disasters highlighted the consequences of insufficient testing. A pivotal event was the 1937 Elixir
Sulfanilamide disaster, in which a pharmaceutical company marketed a solvent-based formulation of an
antibiotic (sulfanilamide) without safety testing, leading to mass poisoning that killed at least 107 people
(mostly children) (www.theatlantic.com) (www.theatlantic.com). In response, the U.S. Congress passed the
Food, Drug, and Cosmetic Act of 1938, empowering the FDA to require safety testing for new drugs before
approval. Later, the thalidomide tragedy of the late 1950s—early 1960s — where a sedative caused thousands
of severe birth defects when taken by pregnant women — prompted further tightening of regulations. The 1962
Kefauver-Harris Amendments established that manufacturers must provide “substantial evidence” of both
safety and efficacy from well-controlled trials before a drug can be approved (www.theatlantic.com). These
historical milestones underscore that patient safety is paramount and are the reason modern drug
development is so carefully controlled and systematically staged. Every new compound must clear high bars
for evidence at each phase, a process that inevitably lengthens development but protects patients from
ineffective or dangerous therapies.

Current Landscape: Today, drug development is a global enterprise undertaken by pharmaceutical and
biotechnology companies, often in collaboration with academic researchers and government agencies. It
operates within a framework of international guidelines (such as the ICH — International Council for
Harmonisation — standards) to ensure quality, consistency, and ethical conduct. The cost of developing a drug
has risen significantly over time (sometimes referred to as “Eroom’s Law” — the observation that the number of
new drugs per dollar of R&D investment has been decreasing over the decades, opposite of Moore’s Law of
computing) (thereader.mitpress.mit.edu). Estimates of the average R&D investment per new approved drug
vary widely. The frequently cited 2014 Tufts Center analysis put it at approximately $2.6 billion (when
including the costs of failed candidates and the cost of capital), while Deloitte's most recent 2024 analysis of
top-20 pharma firms estimated $2.23 billion per approved asset [https://www.fiercebiotech.com/biotech/drug-
development-cost-pharma-22b-asset-2024-plus-how-glp-1s-impact-roi-deloitte]. However, a January 2025
RAND study of 38 drugs found a median cost of $708 million after adjusting for the cost of capital and
discontinued candidates (median direct R&D spending was about $150 million), with the mean of $1.3 billion
driven up by a small number of high-cost outliers [https://www.rand.org/news/press/2025/01/07 .html]
[https://pmc.ncbi.nim.nih.gov/articles/PMC11704977/]. Even discounting opportunity costs, direct out-of-pocket
expenditures can reach hundreds of millions of dollars for a single successful drug, especially once the
expensive Phase lll trials are accounted for. At the same time, the clinical success rates have generally
declined or remained low, as many "easy" targets (like simple bacterial infections) have been addressed, and
companies are now often pursuing more complex diseases (cancers, neurodegenerative diseases like
Alzheimer's, etc.) which have higher failure rates. For instance, in the 1980s about 1 in 5 compounds that
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entered human trials eventually obtained approval (approximately a 21.5% Phase |-to-approval success rate),
whereas in the 2000s this dropped to roughly 1 in 10 (9.6% in 2006—2015), and the most recent 10-year data
(2014-2023) shows a Phase I-to-approval likelihood of just 6.7% (en.wikipedia.org)
[https:/lwww.norstella.com/why-clinical-development-success-rates-falling/]. Some fields have even lower odds
— oncology drugs historically have had only around a 3-5% chance of making it from Phase | to approval,
reflecting the difficulty of treating cancers (pmc.nchi.nim.nih.gov) (pmc.ncbi.nim.nih.gov), while vaccines for
infectious diseases have seen much higher success, sometimes exceeding 30%
[https://pmc.ncbi.nim.nih.gov/articles/PMC6409418/]. A 2025 analysis in Nature Communications examining
21st-century drug development confirmed these declining trends while noting the decline has begun to plateau
and may be starting to reverse in some therapeutic areas [https://www.nature.com/articles/s41467-025-64552-
2]. Despite these daunting numbers, industry and public stakeholders continue to invest in drug development
because the rewards — new treatments for unmet medical needs, improved public health, and commercial
gains for successful products — are enormous.

The remainder of this report serves as a comprehensive guide through every stage of the drug development
pipeline. We will delve into each phase in detail, providing insights into the scientific and logistical processes,
success rates, typical timelines, and key challenges. We also incorporate multiple perspectives: the
regulatory viewpoint (how agencies like the FDA ensure safety/efficacy), the industry viewpoint (managing
R&D portfolios under cost and time pressures), the clinical perspective (designing trials ethically and
effectively), and the patient perspective (access to experimental therapies vs. safety risks). Data, statistics,
and expert commentary are included throughout to ground the discussion in evidence. Additionally, we
highlight illustrative case studies — successes, failures, and rapid development scenarios — to provide real-
world context to the abstract pipeline stages. Finally, we discuss emerging trends and future directions that
aim to streamline drug development, such as biomarkers, adaptive trial designs, and Al-driven discovery,
considering how these innovations might reshape the pipeline in years to come.

In summary, this report aims to be an authoritative resource on end-to-end drug development. Whether one’s
interest is academic, professional, or policy-oriented, understanding the intricacies of the drug pipeline is
crucial for anyone involved in pharmaceutical innovation or healthcare. With that foundation set, we now
proceed to an overview of the entire drug development process before examining each component phase-by-
phase in depth.

Historical Background and Evolution of Drug Development

Modern drug development did not always follow the structured, phase-driven process we know today. It is the
product of historical evolution, often catalyzed by public health crises and scientific advancements.
Understanding how the pipeline came to be helps clarify why certain steps exist and how regulations shape
the path of a new drug from lab to market. This section outlines key historical milestones and their impact on
drug development practices.

Early 20th Century — The Era of Minimal Regulation: In the late 1800s and early 1900s, medicines were
largely unregulated. Manufacturers could market preparations with various claims, and there was no legal
requirement to prove that a product was effective or even safe before selling it. The 1906 Pure Food and
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Drug Act in the United States was one of the first laws to impose some oversight, prohibiting mislabeling and
adulteration of drugs. However, this law did not require pre-market testing of new drugs; it mainly ensured that
ingredients were listed and that products were not overtly poisonous or mislabeled. As such, early drug
“development” was often informal — for instance, a chemist might discover a new compound or extract a
substance from plants and then simply offer it for medical use based on limited anecdotal evidence.

This laissez-faire approach proved dangerous. The turning point came with a tragedy in 1937 involving a
formulation of the sulfa antibiotic. A pharmaceutical company dissolved sulfanilamide in diethylene glycol (a
toxic solvent) to create a sweet-tasting liquid form called “Elixir Sulfanilamide.” There was no law requiring
toxicity testing of this new formulation. After it was distributed, over 100 patients (including many children) died
of kidney failure and other complications from ethylene glycol poisoning (www.theatlantic.com). The public
outcry was immediate, and it became clear that simply trusting manufacturers was insufficient to protect
people.

1938 - Foundation of Modern Safety Requirements: In response to the sulfanilamide disaster, the U.S.
Congress swiftly passed the Federal Food, Drug, and Cosmetic Act (FD&C Act) of 1938. This landmark
legislation for the first time required that a manufacturer provide scientific proof of a drug’s safety to the
FDA before it could be marketed[https://www.theatlantic.com/technology/archive/2018/01/the-accidental-
poison-that-founded-the-modern-fda/550574/]. Under the 1938 law, companies had to submit a New Drug
Application (NDA) documenting results of animal studies and other safety data. The FDA was empowered to
refuse permission to market if safety was in question (www.theatlantic.com) (www.theatlantic.com). However,
proof of efficacy (that the drug actually worked for the intended condition) was still not required — a drug only
needed to be non-poisonous and properly labeled. Nonetheless, the 1938 Act fundamentally changed drug
development by formalizing the need for pre-clinical testing. From this point on, before any human could use a
new drug, some animal trials for safety had to be conducted and submitted. This gave rise to a more
systematic preclinical phase in drug development.

In addition to safety testing, the FD&C Act also introduced requirements for accurate product labeling, and it
officially expanded the FDA's role in overseeing clinical investigations. Notably, it allowed unapproved drugs to
be shipped for investigational use under an exemption, but it did not require FDA authorization before testing in
humans; the formal Investigational New Drug (IND) requirement came with the 1962 amendments and the
regulations that followed. Through the 1940s and 1950s, drug development typically involved relatively small
clinical studies, often without the rigorous controls we expect today. Efficacy was assessed mostly through
physician testimonials or simple before-after observations in patients. Many breakthroughs of that era (e.g.,
penicillin in the 1940s, the polio vaccine in the 1950s) became available based on comparatively limited clinical
data by modern standards — but they were clearly effective in practice and quickly adopted.

1962 - Thalidomide and the Efficacy Revolution: The next major inflection point was the thalidomide
tragedy. Thalidomide was a sedative developed in West Germany in the late 1950s and marketed in dozens
of countries (mainly in Europe) as a treatment for morning sickness in pregnant women, among other uses. It
was touted as very safe with few side effects in adults. However, it had never been tested for safety in
pregnant animals or women. The result was catastrophic: thalidomide turned out to be a powerful teratogen
(cause of birth defects). Thousands of babies were born with severe malformations (such as phocomelia —
limb deformities) due to prenatal thalidomide exposure. The United States largely escaped this tragedy thanks
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to Dr. Frances Kelsey of the FDA, who in 1960 refused to approve thalidomide’s NDA due to insufficient safety
data — a decision vindicated when the link to birth defects became known shortly after. Shocked by the global
thalidomide disaster, the U.S. moved to strengthen drug regulations further.

The Kefauver-Harris Amendments to the FD&C Act were passed in October 1962. These amendments
established several pivotal requirements that still form the backbone of drug development today:

« Proof of Efficacy: For the first time, drug manufacturers were required to demonstrate that a new drug
was not only safe but also effective for its intended use. This efficacy needed to be shown through
“adequate and well-controlled investigations,” which in practice meant properly designed clinical trials
(usually randomized controlled trials). This shifted the burden to companies to conduct robust clinical
studies and essentially created the modern Phase IlI/Phase Il efficacy trial paradigm.

» Investigational New Drug (IND) Regulations: The amendments formalized the IND process. Any
company or sponsor wishing to conduct clinical trials with an unapproved drug had to submit an IND
application with all preclinical data, detailed study protocols, and assure the FDA that initial human
studies would be reasonably safe. The FDA gained the authority to stop a clinical trial (place it on
clinical hold) if there were concerns about patient safety. This introduced a new level of oversight at the
very start of human testing.

« Good Manufacturing Practices (GMP) and Quality: The law also introduced requirements for drug
manufacturers to follow good manufacturing practices and to more rigorously record and report adverse
events.

« Thalidomide’s Influence: Thalidomide also spurred the creation of special FDA programs like
pregnancy risk categories (eventually leading to the current pregnancy and lactation labeling rules) to
classify the safety of drugs in pregnancy (embryo.asu.edu) (embryo.asu.edu). It engrained the concept
that certain populations (e.g., pregnant women) need special consideration in drug testing.

The Kefauver-Harris Amendments effectively ushered in the era of the Randomized Controlled Trial (RCT)
as the gold standard for demonstrating drug efficacy. After 1962, the typical drug development pathway
solidified into something recognizable to what we have now: a preclinical phase, followed by phased clinical
trials (Phase 1, 2, 3) with increasing rigor and numbers of patients, culminating in an NDA submission of all
data. Indeed, the requirement for “well-controlled” trials led academic researchers and companies to plan trials
with control groups (placebo or active comparator) and randomization to eliminate bias — practices that
became widespread by the late 1960s and 1970s (pmc.ncbi.nim.nih.gov). The FDA also started reviewing
drugs approved between 1938 and 1962 to retroactively assess efficacy, leading to some products being
withdrawn if they were not truly effective.

1960s-1980s — Refinement of the Clinical Trial Process: In the ensuing decades, the general pipeline of
Phase | (safety), Phase Il (efficacy exploration), Phase Il (confirmatory) became standard.
Pharmaceutical companies expanded their R&D capabilities, and clinical trials became larger and more
formalized. The concept of double-blind, placebo-controlled trials became common to satisfy regulatory
expectations of substantial evidence. During this period, many now-established therapies (antibiotics,
cardiovascular drugs like beta-blockers, antidepressants, chemotherapy agents, etc.) were developed via this
pathway. The success rates during these decades were higher than today, partly because science was
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addressing diseases with clearer biological mechanisms or where large effects were easier to achieve (e.g.,
antibiotic killing bacteria, or blood pressure drugs with measurable effects). However, even then, attrition was
significant. For every five drugs that entered trials, only roughly one might reach approval in those earlier times
(en.wikipedia.org).

Also notable in the 1970s was the establishment of formal requirements for Informed Consent and ethical
review in clinical trials. After revelations of unethical studies (like the Tuskegee syphilis study), regulations
were enacted (e.g., the 1974 National Research Act in the U.S.) requiring that all clinical trials involving human
subjects be reviewed by an Institutional Review Board (IRB) to ensure ethical conduct, and that participants
provide informed consent. This became part of the IND process as well — sponsors must ensure that trials are
approved by IRBs and that participants are fully informed of risks. Ethical oversight added another necessary
layer to the pipeline, reinforcing that patient welfare is the top priority during development.

1980s-1990s — Acceleration and Global Harmonization: By the 1980s, a new challenge emerged: the
HIV/AIDS crisis. AIDS was a rapidly fatal disease with no existing treatments, sparking demands from patient
communities to speed up drug availability. In response, the FDA innovated with new regulatory mechanisms to
accelerate development for life-threatening conditions. For example, in 1987 the FDA instituted regulations for
Treatment IND (also called “compassionate use”) to allow broader access to investigational drugs for patients
with no alternatives. Then in 1992, influenced heavily by AIDS activism (groups like ACT UP protesting the
slow pace of drug approvals) (cancerhistoryproject.com), the FDA introduced the Accelerated Approval
pathway. Accelerated Approval allows drugs for serious or life-threatening illnesses to be approved on the
basis of a surrogate endpoint that is reasonably likely to predict clinical benefit, rather than waiting for definitive
clinical outcome data [https://cancerhistoryproject.com/article/accelerated-approval-and-the-fda/]. The trade-off
is that the sponsor must conduct confirmatory Phase IV trials after approval to verify the actual clinical benefit
(cancerhistoryproject.com) (cancerhistoryproject.com). The first drugs to utilize accelerated approval were HIV
antivirals where reductions in viral load or increases in CD4 cells were used as surrogates for improved
survival. This concept has since been extended largely to oncology (using tumor shrinkage or progression-free
survival as surrogates for overall survival, for instance).

Another program, “Fast Track” designation, was created in the 1990s to facilitate development of drugs for
unmet needs by increasing communication with FDA and allowing rolling submission of NDA sections. And
Priority Review was formalized, whereby FDA commits to a shorter review timeline (6 months vs the standard
10 months) for drugs that would offer significant improvements. All these programs — Accelerated Approval,
Fast Track, Priority Review — reflect a regulatory perspective that flexibility and speed can be balanced with
rigor when dealing with serious illnesses. We will discuss these expedited pathways in detail in later sections,
but historically they came as responses to external pressure (public health emergencies and patient
advocacy).

At the same time, the Prescription Drug User Fee Act (PDUFA) of 1992 was enacted, allowing FDA to
collect fees from pharmaceutical companies to fund additional review staff, with the goal of speeding up NDA
review times. This too had a significant effect: it dramatically shortened the time the FDA takes to evaluate new
drug applications (the 1990s saw NDA review go from averages of 2+ years down to about 1 year or less by
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the 2000s), meaning drugs could reach the market faster once trials were done (www.forbes.com)
(www.forbes.com). However, PDUFA also raised ongoing discussion about ensuring the FDA's resources are
balanced to maintain thoroughness.

In the 1990s, recognition of the global nature of pharmaceutical development led to the founding of the
International Conference on Harmonisation (ICH) (now the International Council for Harmonisation) — a
collaboration between regulatory agencies of the US, EU, Japan and industry representatives. The ICH has
since issued numerous guidelines to harmonize technical requirements (for quality tests, clinical study design,
etc.), making it easier for companies to do one set of studies acceptable in multiple jurisdictions
[https://www.fda.gov/drugs/cder-international-program/international-regulatory-harmonization]. This means, for
example, that a single Phase Ill trial can often be used to seek drug approval in many countries, rather than
duplicating trials country by country.

2000s-Present - Challenges, Special Populations, and New Modalities: In the 21st century, drug
development has faced both new scientific opportunities and new challenges. The mapping of the human
genome and advances in molecular biology have yielded thousands of potential new drug targets, but
validating those targets and developing drugs that safely modulate them is arduous. Many “late-stage” failures
(in Phase Ill) have made companies and investors cautious. For instance, between 2010 and 2017, roughly
90% of drug candidates entering clinical trials failed to reach approval (ncbi.nlm.nih.gov), with Phase Il being a
notorious bottleneck where efficacy often falls short (en.wikipedia.org). This has prompted introspection on
how to improve the pipeline (“why 90% of clinical development fails and how to improve it” became a topic of
research itself (ncbi.nlm.nih.gov) (nchi.nim.nih.gov)).

There’s also been increasing focus on special populations: developing drugs for rare diseases (orphan
drugs), for pediatric patients, and therapies like gene therapies and personalized medicines for niche
populations. Orphan Drug Act of 1983 (US) and similar laws elsewhere provided incentives for rare disease
drugs (like market exclusivity and tax credits), which drastically increased development in that area. Now, a
substantial portion of new approvals each year are for rare diseases, which often means smaller trials and
novel endpoints. Regulators have adapted by allowing flexibility in trial design and approval requirements for
these cases when appropriate.

Furthermore, the rise of biologics (e.g., monoclonal antibodies, which are large protein drugs produced via
biotechnology) and now cell and gene therapies demanded adjustments in development approach and
regulatory evaluation. Biologics often have different preclinical testing needs (for example, species selection
can be tricky if the drug is human-specific) and different manufacturing complexities. The FDA's Center for
Biologics (CBER) oversees many of these products and has its own guidance documents, but fundamentally
the phased trial paradigm still applies. The FDA introduced the Regenerative Medicine Advanced Therapy
(RMAT) designation (2017) specifically to expedite cell/gene therapy development on top of existing pathways.
More recently, in January 2026, the FDA announced a "flexible approach" to chemistry, manufacturing, and
control (CMC) requirements for cell and gene therapies, acknowledging the unique challenges of these
modalities [https://www.cov.com/en/news-and-insights/insights/2026/01/fda-announces-a-flexible-approach-on-
chemistry-manufacturing-and-control-for-cell-and-gene-therapies]. The FDA has also unveiled a new
"plausible mechanism" pathway for bespoke therapies treating ultra-rare conditions, enabling individualized
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treatments (such as patient-specific CRISPR therapies) to reach patients faster when randomized clinical trials
are not feasible [https://www.biopharmadive.com/news/fda-plausible-mechanism-pathway-n-of-1-
crispr/805235/].

One cannot discuss recent history without highlighting the COVID-19 pandemic (2020-2021) as a case where
the drug/vaccine development pipeline was tested and essentially compressed dramatically. Facing an urgent
global threat, developers and regulators found ways to accelerate every stage, from parallel preclinical/clinical
work to rolling reviews of data, resulting in effective vaccines authorized within 11 months of the virus's
genome being published — a process that normally might take 8—-10 years
[https://en.wikipedia.org/wiki/History _of COVID-19 vaccine_development]. This extraordinary achievement —
detailed later in a case study — has had a lasting influence on how we view the potential speed of drug
development under emergency conditions, and which aspects of that acceleration can be applied to other
areas (while still maintaining safety standards).

2024-2026 - Al, Consolidation, and Regulatory Evolution: The most recent years have seen artificial
intelligence emerge as a transformative force in drug discovery. As of early 2026, over 173 Al-discovered
drug programs are in clinical development, with the first Al-designed drug approval projected for 2026—2027
[https://www.drugtargetreview.com/article/192962/ai-in-drug-discovery-predictions-for-2026/]. Insilico
Medicine's rentosertib, whose target and molecule were identified with generative Al, entered a Phase Il trial
in idiopathic pulmonary fibrosis in 2026, with the first patient dosed in September 2026
[https://insilico.com/news/isn1009261-insilico-medicine-doses-first-patient-genesis-ipf-3]. The industry has also
seen major consolidation: Recursion Pharmaceuticals acquired Exscientia in late 2024 for $688 million,
merging phenomic screening with automated precision chemistry into a full end-to-end Al platform. Meanwhile,
the FDA under Commissioner Marty Makary has pursued organizational changes aimed at streamlining drug
review, though large-scale staffing changes have created some uncertainty in review timelines. The agency
approved 46 novel drugs in 2025 (34 NMEs and 12 biologics), maintaining a 5-year average of 48 new drugs
per year — well above the historical average of 36 since 1993 [https://cen.acs.org/pharmaceuticals/FDAs-new-
drug-approvals-dipped/104/web/2026/01]. With over 23,000 drug candidates currently in development and
more than 10,000 in clinical stages, the biopharmaceutical industry is operating at unprecedented levels of
R&D activity [https://www.clinicalleader.com/doc/biopharma-r-d-faces-productivity-and-attrition-challenges-in-
2025-0001].

In summary, the drug development pipeline we have today is the product of over a century of learning, often
spurred by tragedy (leading to stricter safeguards) or by medical urgency (leading to creative flexibility).
It balances the need to thoroughly assess safety and efficacy (for the protection of patients and public health)
with the desire to get new treatments to patients as quickly as possible. As we proceed through the detailed
pipeline stages in this report, this historical context will provide insight into why certain steps are required and
how current practices came to be. Each stage of development has been shaped by both scientific logic and
regulatory mandate, aiming to ensure that when a new drug finally arrives in the market, patients and doctors
can be confident in its quality, safety, and effectiveness.
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Overview of the Drug Development Pipeline

Drug development is frequently visualized as a pipeline or funnel because it involves narrowing down a large
pool of initial candidates to a single successful product through a series of filters and decision points. At each
successive stage, some drug candidates are weeded out due to issues like toxicity, lack of efficacy, or
manufacturing problems. By the end, ideally only the compounds with a favorable balance of efficacy and
safety remain. This section provides an overview of the main stages of the pipeline and the purpose of each
stage, before we dive into granular details in subsequent sections.

Pipeline Stages: While terminology can vary slightly, the process can be broadly divided into the following key
stages:

1. Discovery & Early Research: Identifying a therapeutic target (typically a protein or biological pathway
implicated in a disease) and discovering a lead compound that can modulate that target. This stage
generates initial “hits” and refines them into promising leads using chemistry and biological assays.

2. Preclinical Development: Conducting laboratory (in vitro) and animal (in vivo) studies on one or more
lead compounds to gather data on how the drug works and its safety profile. This includes
pharmacology (does it affect the target and disease?) and toxicology (does it cause harm at likely
doses?). The goal is to decide whether a compound is reasonably safe to proceed to human trials.

3. Clinical Development: Testing the drug in humans through Phases I, Il, and Ill clinical trials. Each
phase has a distinct purpose — Phase | focuses on safety (usually in healthy volunteers), Phase Il on
initial efficacy and dose optimization (in a modest number of patients), and Phase Il on definitive proof
of efficacy and monitoring of adverse events in a larger patient population. The clinical phase is typically
the longest and most expensive part of development.

4. Regulatory Review: If the clinical trial results from Phase Ill are positive, a comprehensive dossier of all
data (clinical, preclinical, manufacturing) is submitted to regulatory authorities (e.g., FDA, European
Medicines Agency) as an NDA/BLA or equivalent marketing application. The regulators then review the
evidence to decide whether to approve the drug for the intended use.

5. Approval & Post-Marketing (Phase IV): Once a drug is approved and on the market, development
isn't fully over. Companies and regulators continue to monitor the drug’s safety in the general population
(pharmacovigilance). Additional studies (Phase IV or post-marketing studies) may be conducted to
further assess long-term effects, explore new indications, or fulfill regulatory requirements (especially for
drugs approved via accelerated pathways that required confirmatory trials).

A helpful way to understand this funnel is with numerical context. On average, for every 5,000-10,000
compounds initially examined in the discovery stage, about 250 enter preclinical testing, 5-10 make it to
Phase | trials in humans, and, ultimately, often only 1 is approved as a drug (en.wikipedia.org). This dramatic
attrition underscores that each stage eliminates a large proportion of candidates (for various reasons) before
they reach patients. Table 1 summarizes this funnel concept with approximate numbers:

<table> <thead> <tr> <th>Pipeline Stage</th> <th>Approximate Number of Compounds Remaining</th>
<th>Approximate Success Rate to Next Stage</th> </tr> </thead> <tbody> <tr> <td>Initial Discovery
(compound library screening)</td> <td>5,000 — 10,000 starting compounds</td> <td>—</td> </tr> <tr>
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<td>Preclinical Testing (in vitro & animal)</td> <td>~250 compounds</td> <td>~2-5% of initial hits
advance</td> </tr> <tr> <td>Phase | Trials (first-in-human)</td> <td>~5 to 10 compounds</td> <td>~40% of
preclinical candidates (industry avg)</td> </tr> <tr> <td>Phase Il Trials (efficacy exploration)</td> <td>~2 to 5
compounds</td> <td>~30% of Phase | advance

(historically, attrition is high in Phase Il)</td> </tr> <tr> <td>Phase Il Trials (pivotal trials)</td> <td>~1 to 2
compounds</td> <td>~50-67% of Phase Il advance

(varies by indication)</td> </tr> <tr> <td>Regulatory Approval</td> <td>1 compound approved (if successful)
</td> <td>~50-90% of Phase Il succeed to approval

(depending on data quality)</td> </tr> </tbody> </table>

Table 1: lllustrative funnel of drug candidate attrition. (Numbers are approximate and can vary widely by
disease area and company. The overall likelihood of approval from Phase | was ~21.5% in the 1980s/90s,
dropped to ~9.6% by 2006—2015, and has declined further to 6.7% based on 2014—-2023 data
(en.wikipedia.org) [https://www.norstella.com/why-clinical-development-success-rates-falling/]. For certain
areas like oncology, the success from Phase | to approval has been as low as ~3-5%, whereas for vaccines it
can be above 30% (pmc.nchi.nim.nih.gov) (pmc.ncbi.nlm.nih.gov). A 2025 analysis in Nature Communications
confirmed these declining trends while noting the decline has begun to plateau
[https://www.nature.com/articles/s41467-025-64552-2].)

This pipeline is sequential, but it's not strictly linear in practice. Often, there is overlap or iteration between
stages. For instance, insights from clinical trials might feed back into further preclinical research for backup
compounds. Companies sometimes run certain activities in parallel (e.g., starting Phase | trial preparations
while still finishing some preclinical studies) to save time. Nonetheless, a compound must successfully clear
each stage’s requirements to move forward. It cannot skip the evaluation of safety for efficacy, for example.
Each phase has distinct “gatekeeping” criteria (endpoints or data requirements). For example, a preclinical
candidate must show acceptable safety margins in animals to justify human testing; a Phase Il trial must show
a clear signal of efficacy to justify the massive expense of Phase lll.

Objectives of Each Stage: It's important to note the primary questions each stage is intended to answer:

« Discovery: “What can we target, and do we have a molecule that might work on this target?” — Goals:
Identify druggable targets and find a compound that interacts with the target in the desired way (e.g.,
activating or inhibiting it) with initial potency.

« Preclinical: “Is this compound reasonably safe and active in biological systems?” — Goals: Understand
the pharmacodynamics (what the drug does to the body/organism), pharmacokinetics (what the body
does to the drug — absorption, distribution, metabolism, elimination, often abbreviated ADME), and
toxicology (what doses cause harm, and to which organs) in at least two animal species (per regulatory
guidelines) [https://www.fda.gov/patients/drug-development-process/step-2-preclinical-research]. Also,
confirm some efficacy in disease models if available (e.g., does the drug shrink tumors in a mouse
cancer model?).

« Phase I: “Is the drug safe in humans, and how does it behave in the human body?” — Goals: Determine
a safe dosage range, characterize acute side effects, and measure pharmacokinetic parameters (half-
life, peak blood concentrations, etc.) in humans. Often includes single ascending dose and multiple

Pharma & biotech Al consulting - Custom software - Data engineering Page 14 of 37


https://en.wikipedia.org/wiki/Drug_development#:~:text=study%20conducted%20by%20the%20Tufts,standard%20treatment%20arm%20play%20a
https://www.norstella.com/why-clinical-development-success-rates-falling/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6409418/#:~:text=in%20detail%20from%20widely%20cited,selection%20have%20higher
https://pmc.ncbi.nlm.nih.gov/articles/PMC6409418/#:~:text=minimum%20of%203.4,2014
https://www.nature.com/articles/s41467-025-64552-2
https://www.fda.gov/patients/drug-development-process/step-2-preclinical-research

IntuitionLabs

ascending dose studies to find the maximum tolerated dose (MTD).

« Phase II: “Does the drug show initial efficacy in the target patient population, and what dosing regimen
is optimal?” — Goals: Explore therapeutic effect in patients with the disease, usually in a controlled way
(e.g., drug vs placebo). Refine dose selection by balancing efficacy and side effects. Phase Il is often
where proof-of-concept is established: it's the first point at which the drug might demonstrate it actually
benefits patients (e.g., lowers blood pressure, reduces tumor size, improves symptoms) beyond
placebo. Safety continues to be monitored.

» Phase lll: “Can the drug’s efficacy and safety be confirmed in a larger, definitive trial that can support
approval?” — Goals: Provide robust evidence, typically via large randomized controlled trials, that the
drug is effective for the intended indication and gather more extensive safety data across a broader
population and longer time frame. Phase Il trials are the basis for labeling the drug — including its
specific indication, dosing, side effect warnings, etc. Regulators generally expect convincing results from
Phase Il before approval (with some exceptions if approvals are based on Phase Il when effects are
dramatic and disease is severe or under accelerated approval using surrogates).

« Regulatory Review: “Do the collected data demonstrate that the drug is safe and effective for its
intended use, and can it be manufactured with high quality?” — Goals: Independent assessment by
regulators of all available data. The outcome is either approval (with specific indications and conditions)
or a request for more information/studies (or a rejection if data are insufficient or negative).

« Phase IVIPost-Marketing: “How does the drug perform in the real-world population over a longer term,
and are there any rare or long-term adverse effects?” — Goals: Ongoing safety surveillance
(pharmacovigilance). Sometimes specific Phase 1V studies are mandated, such as long-term outcome
studies or studies in special subpopulations (children, pregnant women, etc.) that weren't fully studied
before approval. Also, Phase IV might explore new uses for the drug beyond the initial indication
(leading to supplemental approvals).

Understanding these objectives clarifies why each phase is essential. It would be unethical and impractical to
launch directly into a large patient trial without first checking basic safety — hence Phase I. Conversely, proving
efficacy in a tiny Phase | study is unrealistic — one needs larger Phase I/l trials to be sure a drug truly works
and is generally safe. The pipeline’s phased structure thus manages risk: patient risk (by gradually expanding
exposure as evidence of safety accumulates) and financial risk (by stopping development of failures early
before spending the huge sums on Phase lll). There is a common adage in the pharmaceutical industry: “Fail
early, fail fast”, meaning it's far better to identify a non-viable drug as early in the pipeline as possible (during
discovery or preclinical or Phase I) than to have it fail in Phase IIl after massive investment.

Despite this careful staging, it's worth noting that attrition sometimes happens late. There are numerous
examples of drug candidates that looked good through Phase Il but then failed in Phase lll, either because
the efficacy effect wasn't as strong in a larger trial or because a rare side effect cropped up when thousands of
patients were treated. For instance, in the field of Alzheimer’s disease, many drugs (targeting beta-amyloid
plagues, for example) showed promise in early studies only to fail to demonstrate cognitive benefits in large
Phase lll trials, resulting in costly late-stage failures. This highlights the inherent uncertainty in translating
complex biology to consistent patient outcomes.
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Global vs. Local Development: While the pipeline concept is universal, drug development is a global affair. A
company developing a drug today will typically plan trials that enroll patients from multiple countries, and will
eventually seek approval from multiple regulatory agencies (FDA in the US, EMA in Europe, PMDA in Japan,
etc.). Each agency has its own procedures and requirements, but through ICH harmonization and collaborative
agreements, there is a lot of overlap. Often a single set of Phase I-lll trials (if designed to international
standards) can be used to submit in many regions. However, there are differences: for example, certain
countries might require local clinical trials or data in their population as part of approval. In this guide, we will
focus mainly on the U.S. FDA process for specificity, but will note differences or equivalent steps in other
jurisdictions where relevant (for instance, what the EMA calls a Marketing Authorization Application (MAA) is
analogous to the FDA's NDA, and many countries have similar phase definitions).

Stakeholders in the Pipeline: It's also important to recognize the various stakeholders involved in drug
development:

» Pharmaceutical/Biotech Companies (Sponsors): They drive the process, providing funding and
project management. Big Pharma often has resources to carry a drug all the way through, whereas
small biotech firms sometimes focus on early stages then partner with larger companies for expensive
Phase Ill and commercialization. Sponsors are responsible for designing studies (often with input from
academic experts), adhering to regulations, and ultimately proving the drug’s value.

» Regulatory Agencies: They act as gatekeepers at multiple points — reviewing IND applications
(ensuring safety of trials), auditing data for integrity, and reviewing NDA/BLA submissions for approval
decisions. Agencies also issue guidelines that shape trial design and required studies (e.g., requiring
particular toxicology tests or patient diversity in trials).

« Clinical Investigators and CROs: When it comes to clinical trials, the studies are conducted by
investigators (doctors and research teams at hospitals and clinics) who recruit patients, administer the
investigational drug, and collect data per the protocol. Often sponsors hire Contract Research
Organizations (CROs) to coordinate multicenter trials, handle logistics, and ensure compliance with
Good Clinical Practice (GCP) standards. CROs are key players in modern trials, effectively extending a
sponsor’s capabilities.

« Patients and Advocacy Groups: Patients volunteer for trials, often altruistically or in hope of potential
benefit. Their participation is the linchpin of clinical development. Patient advocacy groups increasingly
influence drug development, especially in diseases with urgent need. They may help design trials to be
more patient-friendly, lobby for accelerated approval of drugs, or fund research in early pipeline stages
(for example, foundation funding for rare disease drug discovery). The pipeline’s focus is ultimately to
address patient needs, so incorporating patient perspectives (e.g., what outcomes matter to them,
tolerance for side effects) is increasingly recognized as important.

« Manufacturing and Quality Teams: A less visible but crucial part of development is the scale-up and
manufacturing process. Even a drug that is biologically effective can fail if it cannot be made reliably at
scale. Thus, during development, especially by Phase II/lll, chemists and engineers are working on the
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chemistry, manufacturing, and controls (CMC) aspect: developing a reproducible process to
manufacture the drug (the active ingredient and its formulation) with consistent purity and potency.
Regulatory submissions devote a large portion to CMC data.

With this overview of stages, funnel metrics, and stakeholder roles, we have a framework on which to hang
more detailed information. In the next sections, we will step through each major stage of the pipeline —
Discovery, Preclinical, Clinical (Phases I-lll), Regulatory Approval, and Post-Marketing — providing a
deep dive into what happens in each, along with real-world examples, challenges, and best practices. This will
give a complete picture of the end-to-end journey from molecule to medicine.

Discovery and Preclinical Research

The journey of a new drug begins long before any human ever takes a pill or receives an injection. It starts in
the laboratory with a combination of scientific insight, experimentation, and often a bit of serendipity. Drug
discovery is the process of identifying a potential new therapeutic agent, whereas preclinical research
involves testing that agent extensively in non-human systems to evaluate its potential safety and efficacy.
Together, these early stages lay the critical groundwork for all subsequent development. A strong discovery
and preclinical program increases the chances that a drug candidate entering clinical trials will be safe and
effective. This section covers target identification, lead discovery, lead optimization, and the full spectrum of
preclinical testing required before first-in-human trials.

Target Identification and Validation

Every drug is designed to act on a specific target in the body — typically a biological molecule like a protein
(enzyme, receptor, ion channel, etc.) or a gene. Target identification is the process of finding a molecule in the
body that is associated with a disease process and that can potentially be modulated by a drug to produce a
therapeutic benefit. For example, in hypertension (high blood pressure), one target is the angiotensin-
converting enzyme (ACE) which regulates blood pressure; inhibiting ACE led to successful drugs (ACE
inhibitors). In cancer, targets might be mutant proteins driving tumor growth (like BCR-ABL in chronic myeloid
leukemia, which became the target for imatinib/Gleevec).

Finding the Right Target

Identifying good drug targets involves understanding disease biology. Researchers use various approaches:

« Pathway Analysis: Studying the biochemical pathways or cellular processes that are dysregulated in a
disease. If a particular enzyme is overactive or a receptor signaling pathway is abnormally triggered in a
disease, those components become potential targets. For instance, high cholesterol levels were linked
to the liver enzyme HMG-CoA reductase, making it a target for statins (cholesterol-lowering drugs).

« Genetic Insights: Modern genomics has greatly aided target discovery. If certain gene mutations or
variants cause or increase risk for a disease, the proteins those genes encode might be prime targets.
For example, the discovery that PCSK9 gene mutations affect cholesterol levels led to PCSK9 as a

Pharma & biotech Al consulting - Custom software - Data engineering Page 17 of 37



IntuitionLabs

target for new cholesterol drugs. Similarly, in cancer, identifying oncogenes (cancer-driving genes) such
as EGFR mutations in lung cancer or HER2 amplification in breast cancer pointed to those proteins as
drug targets (resulting in EGFR inhibitors like erlotinib and HER2-targeted therapy trastuzumab).

« Phenotypic Screening: Sometimes the approach is not “target-first” but “compound-first”. Researchers
might screen thousands of compounds in cells or organisms to see which ones have a desirable effect
(e.g., kill bacteria, kill cancer cells, lower blood glucose). If a compound shows activity, then they work
backwards to identify what the target might be. This was more common historically or when the exact
disease mechanism isn’t fully known. It can lead to target identification after finding a hit.

« Existing Knowledge and Drug Repositioning: Occasionally, hints come from existing drugs or natural
products. For example, Sildenafil (Viagra) was originally studied for hypertension; its noticeable effect on
erectile function pointed to phosphodiesterase-5 as a relevant target for that condition. In other cases,
traditional medicines or natural substances provide clues to targets they might interact with.

Once a potential target is identified, target validation is crucial. This means gathering evidence that
modulating this target will indeed have a therapeutic effect and that doing so is likely to be safe. Validation
methods include:

« Genetic Validation: If you knock out or inhibit the target in disease models (cells or animals), does the
disease process improve? For example, using gene editing (like CRISPR) to turn off a target in an
animal model of disease can show whether it's beneficial (and also reveal potential side effects if that
gene’s loss causes other problems). Alternatively, human genetics can validate a target: if people with
naturally occurring loss-of-function mutations in a target gene have less disease, that's strong evidence
that inhibiting it with a drug could be beneficial.

« Pharmacological Validation: Using tool compounds (like selective inhibitors or activators) in cell
culture or animal experiments to see if modifying the target changes disease markers. For instance,
before investing in a full drug discovery program, scientists might use a known toxin or antibody to block
a target in mice and observe the outcome.

« Expression and Pathophysiology: Demonstrating that the target is expressed or active in the disease
tissue (e.g., an inflammatory cytokine elevated in patients with an autoimmune disease — targeting it

might quell inflammation). Also, assessing that the target isn’t ubiquitous in an essential process that
could cause systemic toxicity when inhibited.

An example of target identification/validation: In chronic myeloid leukemia (CML), research in the 1960s—1980s
found that patients had a consistent genetic abnormality (the Philadelphia chromosome) that produced an
aberrant enzyme, BCR-ABL tyrosine kinase, which drove uncontrolled white blood cell growth. BCR-ABL
became a validated target when it was shown that introducing this abnormal enzyme into healthy cells made
them cancerous, and conversely that inhibiting BCR-ABL enzyme in CML cells could kill those cells
(ashpublications.org). This paved the way for designing a drug (imatinib) against that specific target, leading to
a breakthrough therapy.
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Target validation also involves considering “druggability.” Not all targets are easily druggable. A target is
druggable if it has a structure or binding site that a drug (often a small molecule) can bind to and modulate
function. Enzymes with active sites or receptors with ligand-binding pockets are classic druggable proteins. In
contrast, some protein-protein interactions or intracellular signaling complexes might be much harder to disrupt
with a typical small molecule. If a target is deemed undruggable by conventional means, researchers might
need alternative strategies (like protein therapies, antibodies, gene therapy) or might choose a different target
in the pathway. Target selection is thus also a strategic decision balancing potential benefit with feasibility.

By the end of the target identification and validation phase, researchers have a clear hypothesis: e.g., “If we
inhibit enzyme X, it will likely ameliorate disease Y, and we have evidence to support this approach.” This
hypothesis guides the subsequent search for an actual drug that can accomplish that inhibition (or activation, if
the strategy is to activate a target).

Hit Identification and Lead Discovery

Once a target is selected, the next step is to find a “hit” — a molecule that interacts with the target in the
desired way (like blocking the active site of an enzyme or preventing a receptor from binding its ligand) with at
least some degree of activity. This is the start of the actual “drug” discovery, as opposed to target discovery.

Sources of Hits: Hits can come from various sources:

« High-Throughput Screening (HTS): One common method is to take large libraries of compounds
(hundreds of thousands or millions of diverse small molecules) and test them in an automated assay to
see if any affect the target’s activity. For example, if the target is an enzyme, the assay might measure
whether a compound inhibits the enzyme’s ability to catalyze a reaction. Modern robotics, microplate
readers, and sensitive detectors allow screening of immense libraries against a target very quickly —
sometimes thousands of compounds per day per machine. HTS often yields a handful of “hits” that show
measurable activity (perhaps a few percent of compounds tested) (www.fda.gov). These hits are then
confirmed and re-tested for validity.

« Fragment-Based Screening: This involves screening very small chemical fragments (molecular weight
~150-250 Da) that may bind to parts of the target with low affinity. The idea is to find fragment hits and
then chemically grow or combine them to create a larger, high-affinity lead. It's a more recent approach
that requires sensitive biophysical methods (like NMR or X-ray crystallography) to detect fragment
binding.

« Virtual Screening (In Silico): Computational chemistry can screen compound libraries virtually by
docking each compound in a computer model of the target’s three-dimensional structure. This can rank
compounds by predicted binding affinity, and then top candidates are tested experimentally. Virtual
screening can evaluate millions of compounds quickly on a computer and help prioritize which to
actually test in the wet lab. It relies on having a good structure for the target (from X-ray crystallography
or Cryo-EM data).
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 Literature and Existing Compounds: Sometimes hits come from known molecules. For instance,
maybe a natural ligand of the target can be modified into an inhibitor. Or known modulators of similar
proteins might cross-react. There’s also drug repurposing: screening libraries of known drugs
(approved or shelved) to see if they show activity on a new target. Since these molecules are already
known to be safe in humans (at least in other contexts), a hit there can fast-track development.

e Natural Products: Many drugs historically came from natural sources like plants, microbes, or marine
organisms. Researchers may screen extracts or compounds derived from nature. For example, penicillin
was discovered from mold, and the cholesterol-lowering statins were originally found from a fungus
metabolite. Natural products often have complex structures and unique bioactivities that can serve as
hits or starting points.

High-Throughput Screening in Practice: As an illustrative scenario: suppose our target is an enzyme
thought to be involved in inflammation. We set up an assay where the enzyme’s activity produces a fluorescent
signal. We then robotically test 1 million different small molecules added to this enzyme reaction one by one (in
tiny volumes in micro-wells). The readout yields perhaps 5,000 compounds that reduce the fluorescence
significantly (potential inhibitors). Many of these could be false positives (interfering with the assay or
fluorescent readout) or very weak inhibitors. So, the next step is hit triage and validation: re-test those 5,000,
maybe in dose-response experiments to see which have real, reproducible activity and some potency. This
might narrow down to, say, 100 confirmed hits. Additional counterscreens might be done too: e.g., test those
hits in a similar assay for a related enzyme to see if they're selective or if they just nonspecifically denature
proteins, etc. After filtering, perhaps 10-20 “lead-like” hits remain that warrant further investigation.

Lead Optimization

The initial hits identified are usually not ready-to-use drugs. They might have suboptimal potency (e.g., need
micromolar concentrations to work, whereas a good drug might need to be nanomolar), poor specificity (hitting
multiple targets, causing likely side effects), and unsuitable drug-like properties (like poor solubility, instability,
or inability to cross cell membranes). Lead optimization is the iterative process of chemically modifying these
hit molecules to improve their properties, transforming a “hit” into a high-quality “lead compound” that can
advance toward preclinical and clinical testing.

Key goals during lead optimization include:

« Improving Potency: Chemists modify the molecular structure to strengthen how tightly it binds to the
target, so a lower dose is needed. They use Structure-Activity Relationship (SAR) analysis —
systematically changing parts of the molecule and testing the effect on activity (ncbi.nlm.nih.gov). For
instance, adding a certain chemical group might form an extra interaction with the target protein,
boosting affinity 10-fold. X-ray crystallography of the compound-target complex or computational
modeling can guide where modifications could enhance binding. Potency is often quantified as an IC50
(the concentration where the compound inhibits 50% of target activity) or EC50 for effect — lower is
better. A hit might start with an IC50 of 10 uM; through optimization, a good lead might achieve 1C50 of
50 nM (200 times more potent).
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« Enhancing Selectivity: If the initial hit affects similar proteins (off-targets), chemists will aim to
differentiate it. This might involve exploiting unique features of the target’s binding site. For example, if
two enzymes are similar, adding a bulky group might exploit a pocket that exists in the target enzyme
but not the off-target enzyme, thereby reducing off-target binding. Early in optimization, the team will test
analogues against panels of related proteins to ensure selectivity improves. Selectivity is crucial to
minimize side effects — a drug ideally hits only the intended target at therapeutic doses.

« Optimizing Pharmacokinetics (PK) and Physicochemical Properties: A potent, selective compound
is useless as a drug if it cannot reach its target in the body at sufficient concentration. So, chemists also
modify the molecule to improve ADME properties:

e Absorption: If the drug is to be oral, it must survive the stomach/intestine and be absorbed into
bloodstream. This often means balancing lipophilicity (to cross cell membranes) with solubility (to
dissolve in Gl fluids). Adding polar groups can increase solubility; reducing overly polar areas can help
passive absorption.

« Distribution: Ideally, the drug should reach the tissue of interest. Some optimizations target the ability
to cross the blood-brain barrier (for CNS drugs) by making molecules more lipophilic and small.
Conversely, if one wants to avoid brain penetration (to reduce CNS side effects), one might add polar
groups or substrates for efflux transporters.

« Metabolism: The liver can metabolize drugs, sometimes too quickly (short half-life) or into toxic
metabolites. Chemists may modify metabolically vulnerable sites. For example, if rapid metabolism
occurs by cutting a certain bond, they might substitute a more stable chemical group there (like using a
fluorine to block an oxidation). The goal can be to achieve a suitable half-life, perhaps a few hours, so
that dosing is reasonable (e.g., once or twice a day).

« Excretion: Very lipophilic compounds might accumulate; too polar might be excreted too fast via
kidneys. So, adjustments fine-tune this balance.

During lead optimization, compounds are evaluated in in vitro ADME assays (like measuring stability of the
compound in liver microsomes to simulate metabolism, checking if it inhibits major liver enzymes, determining
solubility and permeability in artificial membranes, etc.). Promising leads then go into rodent PK studies —
dosing a rat or mouse and measuring blood levels over time to see if the compound has a favorable PK profile
(not too quickly cleared, and reaching sufficient concentration).

« Reducing Toxicity Early: Medicinal chemists also watch for structural features associated with toxicity
(so-called “toxicophores”). For example, certain functional groups may produce reactive metabolites that
can cause liver injury. If a series of compounds shows toxicity in preliminary animal tests or even in
cellular toxicity assays, chemists will tweak structures to mitigate that. They might avoid certain nitrogen-
rich aromatic systems that tend to form toxic metabolites, for instance. It's an art and science;
sometimes even small chemical changes can avoid a toxicity issue.

« Formulation considerations: While this often comes a bit later, awareness of how the drug will be
delivered matters. If the goal is an oral pill, the compound should be chemically stable and not too large
(most oral drugs follow “Lipinski’'s Rule of 5” guidelines: molecular weight <~500 Da, limited hydrogen
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bond donors/acceptors, moderate lipophilicity) [https://en.wikipedia.org/wiki/Lipinski's_rule_of five]. If
the compound is destined to be an injectable, stability in solution and avoiding precipitation are
concerns. Chemists might favor a certain salt form of the drug to improve stability or solubility.

Lead optimization is typically iterative and may produce dozens to hundreds of analogues. At each cycle,
compounds are tested in relevant biological assays. Initially, it's target-based assays (does it inhibit the
enzyme, etc.), but as potency/selectivity improve, the testing moves to cellular models of disease: does the
compound have the desired effect in cells (e.g., killing bacteria in culture, or stopping proliferation of cancer
cell lines, or reducing release of inflammatory cytokines from immune cells)? This ensures the compound isn’t
just binding the target in a test tube but also working in a more complex biological setting.

During optimization, interdisciplinary teams of medicinal chemists, biologists, pharmacologists, and
toxicologists work closely. It's common to rank compounds on multiple parameters (potency, selectivity, PK,
safety signals) and use multi-parameter optimization approaches to choose the best overall candidate.
Sometimes you can improve one property but worsen another (e.g., making a compound more polar might
improve solubility but reduce cell permeability). The art is in achieving a good balance.

Candidate Selection

After multiple rounds, one or a few “development candidates” are chosen. A development candidate
(sometimes called a preclinical or clinical candidate) is the compound that will go forward into the formal
preclinical testing required for IND. By this point, this molecule should:

- Have high potency at the target (often nanomolar range IC50 or better, depending on what's needed
for efficacy).

» Be selective enough to not significantly hit known off-targets at therapeutic concentrations (this can be
assessed by profiling against panels of receptors/enzymes — many companies run lead candidates
through broad screens to catch any unintended interactions that could cause side effects).

» Show efficacy in animal models of the disease, if applicable. For example, before selecting a
candidate, one would test it in at least one disease model: e.g., does it lower blood pressure in
hypertensive rats? Does it shrink tumors in a mouse cancer model? A strong efficacy signal in vivo is a
compelling argument for selection.

« Exhibit a reasonable pharmacokinetic profile — enough oral bioavailability, half-life, etc., to be dosed
conveniently in humans. For instance, the candidate might have ~50% oral bioavailability in rats and a
half-life of 4 hours, suggesting it could be a twice-daily pill in humans, which is acceptable. If it had 5%
bioavailability and half-life of 10 minutes, it'd be problematic (would require 1V infusion or extremely high
dosing frequency).

« Show an acceptable safety margin in preliminary tox studies. Often before finalizing a candidate,
companies do a range-finding toxicology test in two species (usually rat and dog) for a couple of
weeks to see if any organ toxicity or severe adverse effects appear at exposures a few-fold above the
anticipated human exposure. If serious toxicity is seen at low multiples of the efficacious dose, that
candidate might be dropped in favor of another. The aim is to pick a candidate with a good safety margin
(e.g., no significant issues up to 10x the expected therapeutic exposure in animals).

Pharma & biotech Al consulting - Custom software - Data engineering Page 22 of 37


https://en.wikipedia.org/wiki/Lipinski%27s_rule_of_five

IntuitionLabs

It's common that during optimization, multiple series of compounds are explored in parallel. Sometimes a
backup candidate is also nominated in case the lead fails early toxicology. For example, there could be a
primary candidate and a structurally distinct backup (maybe slightly less potent, but different chemotype) ready
to go if needed.

By the end of lead optimization, the project transitions from a research-oriented exploration to a more formal
development program focusing on that candidate. At this stage, the compound often receives an official
designation (like a code name or number) and moves into what'’s often called IND-enabling studies —
meaning the set of preclinical tests required by regulations to prepare for a human trial application. This
includes definitive GLP toxicology studies, safety pharmacology, bulk manufacturing of high-purity compound
for studies, etc., which we discuss in the next section.

In summary, discovery yields the blueprint of what to target and initial molecules that can do it; lead
optimization patiently crafts those molecules into something that can realistically become a medicine. It's a
critical stage where much of the intellectual property and trade secrets of drug companies lie (the chemistry
innovations). The success of the entire pipeline greatly depends on the quality of the lead that emerges here —
a well-optimized lead can sail through preclinical and clinical testing more smoothly, whereas a suboptimal one
might encounter issues later (like unexpected toxicity or insufficient efficacy). Thus, companies invest
significant time and resources in this early phase to “get it right” before entering the costly clinical phase.

Preclinical Testing and IND Preparation

With a lead candidate (or a few) in hand, the focus shifts to comprehensive preclinical testing. Preclinical
studies serve two overarching purposes: (1) to gather detailed data on the compound’s safety profile (and
continue efficacy studies when possible) to assess whether it is reasonably safe to administer to humans, and
(2) to fulfill regulatory requirements for an Investigational New Drug (IND) application (in the U.S.) or
equivalent Clinical Trial Application (CTA) elsewhere, which is necessary to begin clinical trials. Regulators
have clear guidelines on what tests need to be done before human exposure, largely to protect trial
participants from undue risk.

In Vitro and In Vivo Studies
Preclinical research can be divided into in vitro (test tube/cell culture) and in vivo (animal) studies: both types

are needed.

« In Vitro Studies: These include mechanistic experiments in cell lines, biochemical assays, and tests on
isolated tissues. Some crucial in vitro tests are:

« Cell-based efficacy assays: If disease-relevant cells or organoids exist, test whether the drug has
desired activity (e.g., kills a parasite in infected liver cells, or increases expression of a deficient protein
in patient-derived cells).

» Cytotoxicity assays: Assess general cell viability impact in various cell types to catch any overt cell-
killing tendencies.
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« Genotoxicity assays: Regulatory guidelines require checking if the compound can cause genetic
mutations or chromosomal damage, as an early screen for carcinogenic potential. Two common assays
are the Ames test (exposing bacteria to the drug to see if it induces mutations in their DNA) and the in
vitro chromosomal aberration test in mammalian cells [https://www.fda.gov/patients/drug-
development-process/step-2-preclinical-research]. A positive in these would raise flags that need further
evaluation.

« Safety pharmacology screens: e.g., hERG channel assay — many drugs that inadvertently block the
hERG potassium channel in the heart can cause dangerous arrhythmias, so a quick in vitro test is done
to see if the drug affects this channel. If a significant hERG inhibition is seen at therapeutic
concentrations, chemists might go back and modify the molecule to reduce this liability before
proceeding.

» Metabolic stability and enzyme interaction: Testing the compound in liver enzymes (from human and
animals) to see how fast it is metabolized, and which metabolites form. Also, testing if the compound
inhibits any key human CYP enzymes, which could indicate drug-drug interaction potential (important if
co-administered with other meds).

« In Vivo Animal Studies: The cornerstone of preclinical safety is animal testing. Ethical and legal
frameworks require that any drug must be tested in animals (usually at least two species, one rodent
and one non-rodent) before first use in humans (www.fda.gov) (www.fda.gov). These tests are done in
compliance with Good Laboratory Practice (GLP) regulations, which ensure quality and integrity of
data (GLP covers study protocols, record-keeping, animal welfare, etc.) (www.fda.gov) (www.fda.gov).
Key animal studies include:

« Acute toxicity studies: Administer a single high dose (or doses) of the drug to animals (often mice and
rats) to observe immediate toxic effects and determine a rough lethal dose (LD50). This helps set dose
limits for initial human trials.

« Repeat-dose toxicity studies: These are studies where the drug is given daily (or as appropriate) over
a period of time (typically 2 weeks, 4 weeks, 13 weeks, etc., depending on planned trial duration) to two
species. Generally, for an initial IND, one short-term toxicity study in rodents and one in non-rodents
(often rats and dogs) is needed if the clinical trial will be short (e.g., 2-week dosing in humans, then a
one-month animal study might suffice). For longer clinical trials, longer animal studies are required (for a
chronic medication, 6-month rodent and 9-month non-rodent studies are standard before Phase IlI).
These studies examine a range of doses including a high dose that causes some toxicity and a low dose
that causes no toxicity. Extensive evaluations are done: daily clinical observations, periodic blood tests
(hematology, clinical chemistry for organ function), and at the end comprehensive necropsy and
histopathology (microscopic exam) of all major organs to check for any damage or changes. The highest
dose that does not produce significant adverse effects is termed the No Observed Adverse Effect
Level (NOAEL). The NOAEL from animal studies is used to estimate a safe starting dose in humans by
applying safety factors.

« Safety Pharmacology: Specific tests in animals to examine vital systems: for example, effects on the
cardiovascular system (blood pressure, heart rate, ECG in conscious telemetered dogs or primates
often), respiratory system, and central nervous system behavior. These could be standalone studies or
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integrated into toxicity studies. The aim is to catch any potentially dangerous functional effects (like does
the drug depress respiration or cause arrhythmias at high exposure?).

« Pharmacokinetic and Bioavailability studies: Measuring how the drug is absorbed and distributed in
animals, which not only informs dosing in toxicity studies but also helps extrapolate to humans. If oral
dosing is planned in humans, oral PK is characterized in animals; if the drug is extensively metabolized
differently in animals than humans (based on in vitro data), sometimes a specific model or an additional
species might be used.

» Reproductive and Developmental Toxicity: If the drug is intended for use in women of childbearing
potential or broadly in populations, tests are done to see if it affects fertility, or causes birth defects
(teratogenicity), or harms embryo-fetal development. This typically involves separate studies: segment |
(fertility studies in male & female rodents), segment Il (teratology studies in pregnant rodents and rabbits
to examine fetal development), and segment Il (perinatal/postnatal development in rodents). However,
these are usually done later, before Phase Il or before including pregnant women. For an initial IND, if
no pregnancy exposure is planned, these can wait. But if a drug might be given in pregnancy or could
be unintentionally used by those who become pregnant, at least preliminary embryo-fetal development
studies are required. Thalidomide’s legacy makes regulators very cautious here — any hint of
teratogenicity can severely restrict a drug’s use.

« Genotoxicity in vivo: If in vitro tests had red flags or even if not, often a rodent micronucleus test
(checking for chromosomal damage in bone marrow cells) is performed to confirm if the drug causes
genetic damage in a whole organism.

« Efficacy Models: Although not required for safety, companies will also often test the drug in animal
models of efficacy to strengthen the case that it could work in humans. For example, testing an anti-
inflammatory drug in a rat model of arthritis to see if it reduces inflammation. While success in an animal
model doesn’t guarantee human efficacy (and many disease models are imperfect), it is reassuring and
can guide dose selection for trials (e.g., the dose that was efficacious in animals relative to the NOAEL).
Conversely, if a drug fails to show any effect in a well-regarded animal model of the disease, that may
raise concerns about its potential in humans unless there’s a strong rationale that the model is not
predictive.

By the end of preclinical testing, an enormous amount of data is collected on the candidate’s profile. This
includes:

« Toxicological profile: identification of target organs of toxicity (e.g., does it tend to affect liver, kidneys,
bone marrow, etc.), determination of safety margins (how far is the NOAEL above the projected
therapeutic exposure), identification of any species-specific toxicities (sometimes an effect is seen only
in one animal species and not in another; regulators may consider that not relevant to humans
depending on mechanism, but it must be justified).

» Pharmacokinetics and starting dose rationale: understanding of how to scale the dose from animals
to humans. Typically, the No Observed Adverse Effect Level (NOAEL) in the most sensitive animal
species is used to calculate a Maximum Recommended Starting Dose (MRSD) for first-in-human.
Converting NOAEL to human equivalent dose (HED) based on body surface area or other factors, then
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applying a safety factor (often 10x or more) yields the starting dose
[https:/iwww.fda.gov/media/72309/download]. For example, if the NOAEL in rats was 50 mg/kg/day
which corresponds to ~8 mg/kg HED, a safety factor of 10 gives 0.8 mg/kg as a conservative starting
dose, or often they prefer to express per absolute dose for an average human (like ~50 mg as a first
dose). This ensures a large margin of safety in initial trials. Recent guidelines also encourage using
pharmacologically active dose calculations etc. But overall, first-in-human dose is chosen very
cautiously based on preclinical data.

« Pharmaceutical development: Preclinical stage also involves developing a formulation of the drug to
administer. Early studies might use a simple suspension or solution. But by the time of IND, the
company often has a formulation suitable for human use (e.g., capsules or tablets for oral drugs, or a
sterile solution for injectables). Stability testing of the drug substance and product ensures it won't
degrade or become unsafe during storage. A chemistry, manufacturing and controls (CMC) package
is prepared documenting how the drug is made and ensuring batch-to-batch quality.

« Good Laboratory Practice (GLP) Compliance: The animal studies that go into regulatory filing must
be GLP compliant. This means all data, including pathology reports, are audited and reliable. Any
deviations or issues have to be reported. Regulators may inspect the facilities or audit reports to ensure
the integrity of the safety data.

At this stage, if all has gone well, the sponsor is ready to compile an IND application (for FDA) or CTA (for
EMA and others). The IND is a comprehensive dossier including:

« Afull description of the drug (its chemical structure, properties, how it's manufactured, purity, etc.).

« Preclinical study reports: Complete data from all animal and in vitro studies, including methodologies
and results, so reviewers can evaluate the safety evidence. Summaries highlighting key findings and
whether any unusual toxicities were observed.

« Clinical trial protocol for the proposed first-in-human study (Phase I): detailing how they will conduct it,
dose escalation plan, stopping rules for safety, inclusion/exclusion criteria (e.g., often healthy young
adults if appropriate, or patients if it's, say, a cancer drug that’s too risky for healthy volunteers), and
monitoring plans.

« Investigator’s Brochure: A document summarizing all relevant information about the drug (preclinical
results, rationale, possible risks) for investigators who will be conducting the trial.

« Qualifications of investigators and study facilities, to show that competent personnel will conduct the
trial.

« Commitments to regulatory requirements: e.g., that they will obtain informed consent from participants,
that an Institutional Review Board (ethics committee) will review the protocol, and that they will adhere
to all IND regulations (www.fda.gov).

» Previous human experience: If the drug has been given to humans before (sometimes in another
country or it's similar to another compound), that information is included. If it's completely novel, the IND
needs to convincingly argue the risk to humans is minimal given the preclinical evidence.
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When the IND is submitted, the FDA reviews it to decide if the proposed human trial can proceed. By law, the
IND goes into effect 30 days after submission unless the FDA finds a reason to put it on “clinical hold”
(www.fda.gov). During that 30-day period, FDA experts (pharmacologists, toxicologists, physicians) examine
the data. If they are concerned that the drug might pose unreasonable risk to subjects (for example, serious
toxicity in animals at doses close to the human starting dose, or flawed manufacturing leading to impurities,
etc.), they can delay or forbid the trial until issues are resolved. In many cases, the FDA might ask questions or
request modifications (such as starting at an even lower dose, or excluding certain high-risk participants, or
doing additional animal studies). If all is in order, after 30 days the sponsor may proceed to clinical testing. For
many INDs, sponsors also seek a “pre-IND meeting” with the FDA before submission to get input on their
plans, which can smooth the process (www.fda.gov).

It's also noteworthy that ethical considerations are heavily weighed. Animal testing raises ethical questions,
and regulations mandate the 3Rs (Replacement, Reduction, Refinement) — meaning use alternatives to
animals if possible, use the minimum number of animals necessary, and refine experiments to minimize
suffering. All animal protocols go through Institutional Animal Care and Use Committees (IACUCS) for
approval. Regulators require animal data, but also want assurance that it was done humanely.

By the conclusion of preclinical research, the sponsor has hopefully demonstrated the following about their
drug:

It interacts with the intended target and has shown pharmacological activity consistent with a potential
therapeutic effect.

« It has a defined safety profile in animals, with identified potential risks, but no indications of
catastrophic toxicity that would preclude human use at the anticipated dose range.

« There is a margin of safety (the anticipated human dose is significantly below doses that caused
serious adverse effects in animals). For instance, if rats showed liver toxicity at 50 mg/kg, and the
human dose is expected to be 0.5 mg/kg, that's a 100-fold margin — likely acceptable.

» The compound can be manufactured consistently and remains stable, ensuring that what is tested in
humans is of high quality.

« The initial clinical plan is reasonable and has safeguards (e.g., starting with a single dose in one subject
at a time, etc., which is often how first-in-human trials are done).

With those elements, regulatory permission, and drug supply in hand, the project transitions into the clinical
phase. This is a major milestone — after possibly years of discovery and preclinical work, the drug will, for the
first time, be given to human beings. The next sections of this report will describe how the clinical trials are
conducted (Phase | through Ill) and what is learned at each step as the development program seeks to prove
that the drug is indeed safe and effective for patients.

Clinical Development: Trials in Humans

Clinical development is the process of studying an investigational new drug in human volunteers or patients to
assess its safety, tolerability, efficacy, dosing, and overall risk-benefit profile. It is traditionally divided into
Phase I, Phase Il, and Phase lll trials, each with distinct objectives and characteristics, followed by Phase IV
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after approval. This section covers each phase of clinical trials in depth, including trial design considerations,
typical outcomes measured, and particular challenges. We will also briefly touch on the optional Phase 0
exploratory studies that sometimes precede Phase |I.

Before launching into phases, it's important to note some general principles:

« All clinical trials are conducted under strict ethical standards — this means obtaining informed consent
from participants, review and approval of study protocols by ethics committees/IRBs, and compliance
with regulations that protect participants (such as the Declaration of Helsinki and Good Clinical
Practice (GCP) guidelines). Trials must have a scientifically valid design to answer the questions posed,
and they must minimize risks to participants as much as possible. The safety of participants is always
the foremost priority, especially in early phases where risks are less known.

» Trial designs can vary (randomized vs non-randomized, placebo-controlled vs open-label, etc.), but
regulators generally expect more rigor (like randomization and control groups) as one moves to later
phases, particularly Phase Il which often provide the pivotal evidence for approval.

« The number of participants increases with each phase: Phase | involves the fewest (tens), Phase I
intermediate (dozens to a few hundred), Phase IIl the most (hundreds to several thousand). This
progression helps expose the drug to more diverse populations gradually, catching common side effects
early and only later assessing rarer side effects once enough people have been treated.

« There's a high attrition in clinical development: recent data shows that about 47% of drugs advance past
Phase |, around 28% make it through Phase Il (the main bottleneck), and about 55% of those in Phase
Il succeed to approval, with 92% of filed drugs reaching market (pmc.nchi.nim.nih.gov)
[https:/www.norstella.com/why-clinical-development-success-rates-falling/]. Cumulatively, the overall
likelihood of approval from Phase | is now just 6.7% based on 2014-2023 data — down from roughly
10% a decade earlier [https://www.norstella.com/why-clinical-development-success-rates-falling/]. Many
failures are due to inadequate efficacy in Phase Il or unfavorable risk-benefit in Phase Ill. The design
and execution of trials are therefore critical to correctly determining a drug's fate.

Now, we examine each phase individually:

Phase 0 (Exploratory Investigational Studies) — Optional

Phase 0 trials, also called “exploratory IND studies” or “human microdosing studies,” are a relatively recent
concept introduced to help speed up development by obtaining some human data very early
(en.wikipedia.org). They are optional and not done for most drugs, but worth mentioning. In a Phase 0 study,
a very small dose of the drug (sub-therapeutic, typically around 1/100th of the dose expected to have any
effect) is given to a small number of human volunteers (often 10-15) (en.wikipedia.org). The goal is not to test
efficacy or full safety, but to gather preliminary pharmacokinetic and pharmacodynamic data in humans to
see if the drug behaves as expected from preclinical models (en.wikipedia.org) (en.wikipedia.org). For
example, Phase 0 can answer: does the drug reach sufficient plasma levels? Does it engage the target (if a
biomarker can be measured)?
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Because the doses are so low, the risk is minimal (by design, below any level expected to cause harm or even
effect), which is why regulators allow human exposure with limited preclinical data in this specific setting.
Phase 0 trials can help in decision-making when there are multiple lead compounds — a company could
microdose two or three candidates in humans to see which has the best PK profile, then advance that one.
They can also reveal if a drug’s behavior in humans markedly differs from animals early on (for instance, if the
bioavailability is essentially zero in humans, one might reconsider formulation or whether to continue).

However, Phase 0 trials do not provide safety or efficacy information since the doses are too low to cause a
therapeutic effect or side effects (aside from idiosyncratic ones). They are also not commonly used because
they add an extra step and require manufacturing very pure drug for human use even just for microdosing.
Many sponsors go straight to Phase | at a low dose rather than doing a separate Phase 0. Nonetheless, it's an
interesting tool that has been used occasionally in oncology and other fields to rank compounds (the
“Microdosing” strategy). According to the FDA's 2006 guidance on exploratory IND studies, these can be
useful to “enable go/no-go decisions to be based on human data rather than animal data early on”
(en.wikipedia.org).

To sum up Phase O: it’s a tiny trial, sub-therapeutic dosing, typically done in ~10 healthy volunteers or patients,
to measure how the drug is absorbed and distributed (and perhaps if it hits the target through some PET
imaging or biomarker). It does not replace Phase I-lll, but can give a sneak-peek and potentially save
resources if results are unfavorable. Most developments, however, begin at Phase | proper.

Phase | Clinical Trials (Safety and Tolerability)

Phase | trials are the first time an investigational drug is given to humans, other than possibly a Phase 0
microdose. The primary goal of Phase | is to evaluate the drug’s safety in humans and characterize its
pharmacokinetics and pharmacodynamics. In other words: How well is the drug tolerated at different dose
levels? What side effects occur? How is the drug absorbed, distributed, metabolized, and excreted in humans?
A secondary goal is often to determine a safe dosage range and schedule to use in later trials, and sometimes
to gather early clues of pharmacological activity. But safety is paramount — Phase | focuses on avoiding harm
and finding the limits of dosing.

Participants: Phase | studies are usually conducted in a small number of healthy volunteers (often 20 to 80
individuals) (en.wikipedia.org) (en.wikipedia.org). These volunteers are typically young adults, both sexes
(although some Phase | might exclude women of childbearing potential as an extra precaution, depending on
the drug). They are paid for their participation because these studies have no direct health benefit to them —
they are essentially volunteering to test safety. There are exceptions where patients are used instead of
healthy volunteers: notably in oncology or HIV and other very serious diseases, Phase | is done in patients
who have the disease. This is because giving a potentially toxic anti-cancer drug (like a cytotoxic
chemotherapy) to a healthy person would be unethical; so cancer Phase | trials enroll patients with cancer who
have no standard treatment options, and they may derive some benefit if the drug works (en.wikipedia.org).
Similarly, high-risk drugs (like a gene therapy) or drugs where healthy exposure is unjustified are tested
directly in patient volunteers. But for many typical small molecules (e.g., a new cholesterol drug, or new pain
reliever), healthy volunteer Phase | is the norm, since healthy individuals can better tolerate risk and their
participation is ethically acceptable with consent and monitoring.
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Study Design: The classic Phase | design is an ascending dose study. This can be divided into typically two
parts:

« Single Ascending Dose (SAD) study: Groups of volunteers receive a single dose of the drug, with
different groups getting increasing dose levels. For example, 5 dose levels might be tested: group 1 gets
5 mg (low dose), if safe group 2 gets 15 mg, then 50 mg, 150 mg, 300 mg, etc. Usually a small number
of participants per cohort (like 6 on drug + 2 on placebo in each dose group). They'll be observed
intensively (often confined in a clinical research unit for 24-48 hours) with blood samples taken for PK
analysis and monitoring of vital signs, ECGs, and any symptoms. If no serious adverse events (AEs) at
one dose, the next cohort can get a higher dose. The escalation continues until reaching a pre-defined
stopping point — which could be based on hitting a target exposure (like those seen to cause toxicity in
animals) or until significant adverse effects appear. Out of caution, many SAD studies start at a very low
dose (based on the NOAEL and safety factors, as discussed) and escalate slowly.

« Multiple Ascending Dose (MAD) study: After single-dose safety is understood, another Phase |
segment uses repeated dosing (say daily for 7—-14 days) in cohorts to see the effects of multiple doses
and to assess steady-state kinetics (does the drug accumulate? does the body adapt?). For example,
group 1 might take 10 mg daily for 14 days, group 2: 30 mg daily, etc. Again, safety and tolerability are
checked and PK after multiple doses is measured (some drugs might have non-linear PK or induce their
metabolism on repeat dosing).

These designs help determine a Maximum Tolerated Dose (MTD) in humans for single and repeat dosing.
The MTD is the dose at which unacceptable side effects first start to appear. For ethical reasons, one tries not
to go far beyond mild-moderate side effects. If severe or dose-limiting toxicities are seen at a dose, that is
usually above the MTD, and either the previous lower dose is considered the MTD or further escalation stops.
Many Phase | studies find only mild side effects at all tested doses — in that case, the top dose tested might be
limited by some predetermined exposure or sometimes by practical formulation limits.

Safety Monitoring: In Phase I, volunteers are typically under close medical supervision. Since these trials
often happen in specialized Phase | units, medical staff can respond to any acute issues. Safety data collected
includes:

« Adverse Events (AEs): Any symptoms or signs recorded, even minor (headache, nausea, dizziness,
etc.). In healthy volunteers, any symptom is drug-induced (since they have no illness), unless proven
otherwise, so all are captured. They'll also note severity (mild, moderate, severe) and whether it
required intervention. If any serious adverse event (SAE) occurs (like one requiring hospitalization or
causing significant health risk), dosing might be halted depending on attribution.

 Vital signs: blood pressure, heart rate, temperature, respiratory rate, often continuously or at frequent
intervals after dosing to catch changes.

« ECG monitoring: Many Phase | include continuous or frequent ECGs, especially if any risk of heart
effects. As mentioned, particular attention to QT interval is common (since many drugs can cause QT
prolongation, a heart rhythm risk).

Pharma & biotech Al consulting - Custom software - Data engineering Page 30 of 37



IntuitionLabs

« Lab tests: Blood and urine tests are done frequently to watch for any organ changes — e.g., liver
enzymes (AST, ALT) to see if the drug is irritating the liver, kidney function (creatinine), blood cell counts
(checking bone marrow effect), etc. These are often done pre-dose, a few hours post-dose, and days
after for single dose, and periodically during multiple dosing.

« Pharmacokinetics (PK): Blood samples are taken at numerous time points to measure drug
concentration, to determine Cmax (peak concentration), Tmax (time of peak), AUC (area under curve,
total exposure), half-life, etc. Urine might be collected to see how much drug is excreted unchanged,
giving clues to metabolism and clearance pathways. Sometimes Phase | are done with both intravenous
and oral forms to calculate absolute bioavailability (comparing area under curve 1V vs oral).

« Pharmacodynamics (PD): If there are markers that can be measured to indicate the drug’s effect, they
may be included. For example, if it's a CNS drug, maybe they’ll check cognitive tests or EEG changes
as PD signals. For a blood pressure drug, they’d measure blood pressure over time as a PD readout.
Many Phase | in volunteers won't show much PD because healthy people aren't sick (e.g., a diabetes
drug won’t lower glucose in someone with normal glucose), but if the drug mechanism allows a
measurable effect in healthy individuals, they will capture it. Alternatively, a biomarker might be used:
e.g., measure levels of a hormone that the drug is supposed to suppress.

As Phase | trials progress, there is often adaptation of the design if needed. Some Phase | trials incorporate
food effect studies (giving the drug with and without food to see if absorption is affected, since that guides
whether to recommend taking it on empty stomach or not). Some test different formulations if multiple are
available. For instance, maybe an immediate-release vs extended-release version might be tried to see PK
differences.

For drugs with potential interactions, sometimes a small part of Phase | includes drug-drug interaction
assessments (like co-administering a known CYP3A inhibitor to see if drug levels rise). However, detailed
interaction studies often come later, unless critical early on.

Special Phase | Designs: A common modern approach is the “combined SAD/MAD and first-in-patient”
protocols in oncology. Because cancer patients are used in Phase | for oncology, often a trial starts as dose-
escalation in small cohorts of patients (looking for MTD) and once some safety is known, it may seamlessly
expand into a Phase Ib where additional patients at the recommended Phase Il dose are treated to get early
efficacy signals. This is a bit beyond basic Phase I, but is worth noting: in oncology, Phase | and Phase Il can
blur (with Phase I/ll adaptive designs, and including patients from the start allows looking at tumor response
etc.).

Another concept is “adaptive” Phase | where rules allow adjusting dose increments based on observed data
(e.g., use of Bayesian model to pick next dose rather than fixed increments). Also multiple ascending dose
might be integrated or run parallel to single dose if time is pressing. Regulators allow flexibility as long as
safety monitoring is robust.

Outcome of Phase I: At the end of Phase I, the sponsor aims to determine:
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« The safety profile of the drug in humans: what are the common adverse events at different doses? Are
there any dose-limiting toxicities? For most drugs, Phase | reveals mild, short-term effects like
headache, dizziness, etc. If serious issues emerge, the program may halt or require reformulation (for
example, if severe liver enzyme elevations occur at relatively low doses, it's a big red flag).

e The maximum tolerated dose (MTD) or a recommended Phase Il dose (RP2D). Often they choose a
dose somewhat below the MTD as the one to take forward, to ensure safety cushion. For non-oncology
drugs, Phase Il dose might be based on achieving a certain blood level or PD effect rather than pushing
to actual MTD (since for non-cancer, you rarely want to operate at toxicity threshold in patients). So
Phase | might yield multiple candidate doses and Phase Il might test a couple.

« Pharmacokinetics in humans: half-life (t%2), which indicates dosing frequency (e.g., if t“2 is 24 hours,
once daily dosing may be possible; if 4 hours, likely multiple doses per day needed unless an extended-
release formulation is used), bioavailability (if both IV and oral were tested, or if just oral, how much is
absorbed can be inferred relative to dose). Distribution aspects like volume of distribution, clearance
rate. Whether PK is linear (dose-proportional) or saturating. In Phase I, these PK data often show how
the body handles the drug compared to animals — sometimes differences appear (e.g., humans
metabolize it slower, so half-life is longer than in animals, which can be good or sometimes means
accumulation risk).

» Possibly an early hint of pharmacodynamic activity or efficacy signals (if any measurable in healthy
volunteers). For example, if a sedative is being developed, you might see Phase | subjects report
drowsiness and have slowed reaction times — expected PD effect. Or a new beta-blocker might show
lowered heart rate in volunteers. While not proving efficacy for disease, it shows target engagement.
Many drugs though won’t show an effect in healthy phase | (e.g., an analgesic might not demonstrate
pain relief because volunteers aren’t in pain; sometimes they do a pain model like make them dunk
hand in ice water to test analgesia, etc., ethically acceptable discomfort models).

Throughout Phase I, there is also vigilance for any “red flags.” For example, one infamous case was the
TGN1412 trial in 2006 (a Phase | trial of a superagonist antibody to CD28 in healthy volunteers) where even
the low starting dose caused a severe cytokine storm and life-threatening reactions in all volunteers
(en.wikipedia.org). That led to changes in how certain high-risk biologics are dosed (e.g., starting one
volunteer at a time, spacing them out). While extremely rare, such events highlight why Phase | is cautious. If
evidence of serious harm emerges, the program might be terminated or paused for significant redesign.

If Phase | results are favorable (drug seems safe enough at doses that achieve decent exposure), the sponsor
will move into Phase Il. They also provide the Phase | data to regulators in annual IND updates or meetings to
discuss Phase Il plans if needed. Notably, in many regions, Phase | data is not public unless published by the
company; however, summary results are often posted in registries nowadays (it's considered ethical to share,
but historically Phase | was often unpublished).

In summary, Phase | is about safety first — establishing that initial human exposure is acceptable and learning
how the drug behaves in the body. It sets the stage for dosing in Phase Il, where the focus shifts toward
whether the drug actually does what it's supposed to do for the illness.
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Phase Il Clinical Trials (Efficacy Exploration and Dose
Optimization)

Phase Il is often considered the make-or-break stage for an investigational drug. By Phase II, the drug has
been shown to be tolerable in the small Phase | trials, and now the question becomes: “Does it work in
patients?” Phase Il trials provide the first evaluation of efficacy in the target patient population, while
continuing to monitor safety in a larger group. This phase also helps determine the optimal dose and regimen
to use moving forward. Many drugs fail in Phase Il if they do not demonstrate the expected therapeutic effect
or if unmanageable safety issues arise when tested in patients (who might be more vulnerable or need higher
exposures than healthy volunteers).

Size and Participants: Phase Il trials typically involve a few dozen to a few hundred patients who actually
have the condition being targeted (often 50 to 300 patients is cited as a typical range) (en.wikipedia.org).
They are usually multi-center (conducted at several hospitals or clinics) but still usually within one country or a
limited region in early Phase II, though global Phase lls are becoming more common. Phase |l patients are
often a more homogeneous or defined subset of the disease — e.g., in a cancer trial, Phase Il might focus on
patients with a certain tumor type who have failed first-line treatments, etc. Inclusion criteria are often narrower
to reduce variability (and because ethically you often test new drugs in patients who have limited existing
options first).

Sub-phases: Phase lla and llb: It's common to subdivide Phase Il into Phase Ila and IIb (though these are
not rigid distinctions, more descriptive categories) (en.wikipedia.org):

« Phase lla refers to a smaller, pilot study focusing on proof of concept and perhaps exploring multiple
doses. These trials are often not large enough for definitive efficacy but try to see a signal that the drug
is biologically active and affecting the disease. They may be open-label or single-arm in some cases, or
controlled with surrogate endpoints. For example, a Phase lla asthma trial might measure improvement
in lung function over a few weeks as a sign the drug helps asthma.

« Phase llb is typically a larger, well-controlled trial aiming to determine the optimal dose and to get a
more solid read on efficacy. A Phase llIb is often what one might call a “dose-ranging efficacy study.”
For instance, it might randomize patients to low, medium, high dose of drug versus placebo, to see
which dose provides the best efficacy with acceptable safety. Phase Ilb often uses placebo or active
comparator control and can be double-blind to provide robust results. The line between Ilb and Ill can
blur: sometimes a Phase Ilb study might be powered similarly to a Phase lll, but generally Phase Il is
larger and confirmatory.

Design: Most Phase Il trials are randomized, controlled trials (RCTs). Common designs include:

« Placebo-controlled: Patients are randomly assigned to either one or several dose groups of the
investigational drug or to placebo. Neither the patients nor investigators typically know who is on drug vs
placebo (double-blind), to avoid bias. Placebo control is ethical when no proven effective therapy exists,
or sometimes if added on top of standard background therapy. If an effective therapy does exist for the
condition, placebo alone might be unethical, in which case the trial might be drug vs an active
comparator or drug + standard of care vs placebo + standard of care.

Pharma & biotech Al consulting - Custom software - Data engineering Page 33 of 37


https://en.wikipedia.org/wiki/Phases_of_clinical_research#:~:text=Once%20a%20dose%20or%20range,or%20to%20have%20toxic%20effects
https://en.wikipedia.org/wiki/Phases_of_clinical_research#:~:text=effects

IntuitionLabs

« Dose-ranging: As mentioned, Phase Il often has multiple dosage arms (e.g., Drug 10mg, 50mg,
200mg, and placebo). This helps identify dose-response relationship: ideally you see greater efficacy at
higher doses, but also maybe more side effects. If a plateau is reached (no additional benefit with higher
dose), the lower dose might be chosen going forward to minimize side effects. The goal is to pick the
best dose (or doses) for Phase lll. Sometimes more than one dose might go into Phase Ill if uncertainty
remains.

« Single-arm trials: In some cases, Phase Il might be single-arm (no control group), especially in areas
like oncology where objective tumor response rates can be measured. For example, a Phase Il cancer
trial might treat 50 patients with the drug and see how many tumors shrink; if a sufficient fraction
respond compared to historical baseline, that indicates efficacy. Single-arm designs are more common
when the disease outcome is clear-cut and baseline outcomes are well documented, or in rare diseases.
However, lack of control group can lead to overestimating efficacy due to placebo effects or patient
selection, so regulatory agencies generally prefer controlled trials if feasible.

- Biomarker-guided designs: A trend in modern Phase Il is to incorporate biomarkers. For example, an
enrichment design might enroll only patients with a certain mutation or marker that is thought to predict
response. Alternatively, Phase Il may stratify patients by a biomarker to see if only a subset benefits.
This is important in heterogeneous diseases. As a case in point, if developing a targeted therapy for
cancer, the Phase Il might include only patients whose tumors have the target (say a specific mutation),
because including those without the target would dilute efficacy signal.

« Adaptive designs: Some Phase lIs use adaptive features like dropping inferior doses mid-study or
shifting randomization ratios to favor better performing arms as data accumulates. This can make trials
more efficient and ethical. However, these designs add complexity and must be planned carefully to
avoid statistical issues.

Phase Il Endpoints: Choosing endpoints for Phase Il is important. They can be:

« Clinical endpoints: actual measures of how a patient feels, functions, or survives. For many diseases,
Phase Il uses the same primary efficacy endpoint as intended for Phase IlI (but the trial is smaller, so it
might not reach statistical significance but looks for trends). E.g., in depression Phase Il, endpoint might
be change in depression rating scale at 6 weeks, same as in Phase Il but with fewer patients. In heart
failure, endpoint might be change in exercise capacity or symptom score, etc.

e Surrogate or intermediate endpoints: Sometimes Phase Il looks at shorter-term or surrogate
endpoints to see if the drug engages the disease process. For example, in type 2 diabetes, Phase Il
might use reduction in blood sugar (HbAlc level) as an endpoint; in reality that is a surrogate for long-
term outcomes like preventing complications, but it's acceptable because glycemic control is well
correlated with outcomes and easier to measure quickly. In cholesterol drugs, lowering LDL cholesterol
is a surrogate for reducing cardiovascular events. These surrogates can be assessed quicker or with
fewer patients. If a drug favorably changes a validated surrogate, that's a strong sign it will have clinical
benefit down the line.
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« Biomarker endpoints: Particularly for mechanism confirmation, Phase Il may measure things like
“does this anti-inflammatory drug reduce levels of inflammatory cytokines in blood” or “does this cancer
drug inhibit its target pathway in tumor biopsy samples.” While these aren’t direct measures of patient
improvement, they help confirm the drug is doing what it's supposed to biologically.

« Safety endpoints: Phase Il is also where you closely watch safety in patients who may have
comorbidities or be on other therapies. New side effects might emerge. For instance, a drug might have
seemed safe in healthy volunteers, but in patients with disease (who might be older, with organ
impairment, etc.) some issues come out (maybe drug accumulates more, or interacts with their other
medicines). Thus, continued safety evaluation is critical. Phase Il helps understand short-term safety in
the target population and possibly hints at any chronic toxicities if the trial runs several months.

Key Goals of Phase II:

1. Demonstrate Proof of Concept / Preliminary Efficacy: The drug should show a signal of benefit in
patients — e.g., a statistically significant or at least clinically meaningful trend in improving symptoms, lab
values, or disease indicators compared to placebo. It doesn’t have to be definitive proof, but enough to
indicate it's worthwhile to invest in large Phase lll trials. Often a specific hurdle or “Go/No-Go” criterion
is set before the trial: e.g., “If at least a 30% improvement over placebo is observed in pain score, we
consider it a positive signal to move forward.” Many companies will terminate a program if Phase I
shows minimal or no efficacy, to avoid wasting resources in Phase Il (unless there’s some mitigating
explanation requiring further exploration). Unfortunately, many drugs fail here due to lack of efficacy —
indeed, historically only ~30% of development programs make it from Phase Il to Phase Il
(pmc.nchi.nim.nih.gov).

2. Refine Dose and Regimen: Phase Il should identify what dose or doses strike the best efficacy/safety
balance. Perhaps low dose had negligible side effects but also weaker efficacy, high dose had better
efficacy but more dropouts from side effects — then maybe an intermediate dose is the sweet spot. Or if
the dose-response is flat beyond a certain point, a lower dose might be chosen to minimize risk moving
forward. Also, dosing frequency might be evaluated — if the half-life suggests BID dosing, but once-daily
still gives good results, that's a major convenience factor and can be tested. The result of Phase Il is
often a recommended dose (and schedule) for Phase Il confirmatory trials.

3. Continued Safety Assessment: Gather more data on adverse events, especially those that might crop
up with a bit longer exposure or in the target patient population
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About IntuitionLabs

IntuitionLabs is an Al consulting, custom software development and data engineering firm serving
pharmaceutical, biotechnology, medical-device and other life-science organizations. We work with clinical,
regulatory, medical-affairs, commercial, quality and IT teams to connect technology decisions with the work
people need to accomplish.

Al consulting and adoption

Our Al enablement services cover readiness assessments, use-case selection, governance and policies, team
workshops, adoption measurement and ongoing advisory support. We help organizations structure the
information layer behind Al: source material, context, permissions and maintained knowledge that make
generated answers useful and reviewable. Private LLM inference and hosted Al options support teams
evaluating how to operate Al with appropriate control over their data and infrastructure.

Software, data and life-science workflows

IntuitionLabs develops custom software for pharma and biotech, integrates enterprise systems, and builds
data engineering and business intelligence solutions. Areas of focus include Al agents, regulatory research,
medical writing, medical affairs, CMC information, competitive intelligence and clinical-document workflows.
Our eTMF intelligence work includes cross-system reconciliation and inspection-readiness support.

Enterprise platforms and regulated delivery

We provide Veeva services, application support, managed services, integrations and custom applications,
alongside enterprise content work involving platforms such as Egnyte. For regulated workflows, our services
include GxP enablement, computer-system validation and software development addressing 21 CFR Part 11
requirements. The applicable controls, validation responsibilities and acceptance criteria are defined for each
engagement.

Work with IntuitionLabs

Explore Al enablement, pharma and biotech software development, data engineering and Bl, and Veeva
services. Contact IntuitionLabs to discuss your workflow, information sources and implementation needs.

IntuitionLabs publishes educational research to help life-science teams make informed technology decisions.
Coverage of a product or organization does not imply a client relationship, endorsement or partnership.

Website: https://intuitionlabs.ali

This article is educational. Verify consequential medical, legal, financial, regulatory and technical decisions with appropriate professionals and the
cited primary sources. Company services are described separately from the article's research findings.
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