
INTUITIONLABS / RESEARCH & PRACTICAL GUIDANCE

Clinical Development Plan: Strategy, Phases
& Components

Build practical AI for pharma and biotech with IntuitionLabs. We help life-science teams turn complex
information and workflows into useful software, governed knowledge systems and AI tools.

Published by IntuitionLabs · 2026-02-12 · clinical development plan · clinical trials · drug development · regulatory affairs · target product
profile · clinical strategy · phase 1-3 trials · pharmaceutical research

Original article: https://intuitionlabs.ai/articles/clinical-development-plan-strategy-phases-components

IntuitionLabs

Pharma & biotech AI consulting · Custom software · Data engineering Page 1 of 17

https://intuitionlabs.ai/articles/clinical-development-plan-strategy-phases-components


In this article
1. Executive Summary

2. Introduction and Background

3. 1. Drug Development and the Role of Clinical Planning

4. 2. Definitions and Scope of a Clinical Development Plan

5. 3. The Strategic Value of the CDP

6. Core Components of a Clinical Development Plan

7. 4. Target Product Profile (TPP)

8. 5. Regulatory Strategy

9. 6. Non-Clinical Plan

10. 7. Clinical Study Plan

11. Data and Analysis: CDP Impact on Outcomes

12. Case Studies and Real-World Examples

13. 8.1 Rare Disease Program: PF-06252616 (Anti-Myostatin Antibody for DMD)

14. 8.2 Model-Informed Development: Upadacitinib (JAK Inhibitor)

15. 8.3 Pediatric Rare Disease: Pompe Disease (Alglucosidase Alpha)

16. 8.4 Pandemic Emergency: COVID-19 Vaccines (Operation Warp Speed)

17. Implications and Future Directions

18. 9. Evolving Practices in CDP

19. 10. Broader Implications

20. Conclusion

Executive Summary
A Clinical Development Plan (CDP) is a comprehensive strategic roadmap that outlines all planned clinical
studies, their design, and related activities required to bring a new drug or medical product from first-in-human
trials through marketing approval. It integrates scientific objectives (often via a Target Product Profile, TPP)
with regulatory strategy, budgets, and timelines. In practice, a CDP articulates the sequence of clinical trials
(Phase I–III, possibly including pediatrics or special populations), endpoints, sample sizes, and decision
criteria needed to establish safety and efficacy for the product’s intended indication (www.certara.com)
(pharpoint.com). It often incorporates key elements such as non-clinical data requirements,
chemistry/manufacturing plans, regulatory interactions (e.g. Scientific Advice/meetings), and resource
allocations. A well-crafted CDP helps optimize efficiency and success probability by identifying potential pitfalls
early (e.g., high-risk study designs or recruitment challenges) and aligning all stakeholders (sponsors,
investigators, regulators) around a cohesive strategy (pharpoint.com) (www.bioaccessla.com).

In the current immensely complex and costly drug development environment, robust planning is more
critical than ever. Historical data show that only a very small fraction of investigational drugs succeed: for
example, industry analyses indicate that over 90% of new therapies entering Phase I ultimately fail to achieve
regulatory approval (and recent estimates put the overall success rate at only ~5–10%) (pharpoint.com)
(pmc.ncbi.nlm.nih.gov). Even if the therapy is scientifically promising, deficiencies in planning or execution can
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doom a program. As one industry expert noted, “poor planning (or in some cases no clinical development
plan at all)” can contribute directly to clinical failure (www.linkedin.com). By contrast, thoughtful CDPs help
sponsors anticipate challenges (from patient recruitment to regulatory requirements) and adapt dynamically
as programs evolve. This report provides an in-depth analysis of the concept, components, and evolution of
Clinical Development Plans, supported by data, regulatory perspectives, case studies, and future trends.

Introduction and Background
1. Drug Development and the Role of Clinical Planning
The journey from drug discovery to market is notoriously arduous. On average it takes 10–12 years and
upwards of $1–2 billion (or more) to develop a new drug (www.linkedin.com). Attrition is high at every stage:
only about 1 in 10 investigational drugs that enter clinical trials obtains approval (pharpoint.com)
(pmc.ncbi.nlm.nih.gov). The emergence of major regulatory hurdles, along with increasingly stringent efficacy
standards, means sponsors must coordinate a multitude of activities over many years and across
international regions. A clinical development plan exists to impose structure and foresight on this complex
process. Essentially, the CDP defines “what studies we will do, why, and when” in order to generate the
data needed for regulatory submissions and eventual product launch. It links the initial Target Product Profile
(a description of the intended label claims and patient benefits) with the actual trial designs and go/no-go
decision criteria.

Historically, drug developers recognized early on that planning is essential. For example, the 1962 Kefauver-
Harris Amendments in the US codified requirements for demonstrating drug efficacy with well-controlled trials –
effectively mandating a more rigorous development roadmap. Global harmonization efforts (e.g. ICH
guidelines) have since reinforced the need for systematic planning. The International Council on
Harmonisation’s E8(R1) guideline on General Considerations for Clinical Trials explicitly emphasizes thorough
planning: “drug development planning builds on knowledge acquired throughout the investigational
process to reduce uncertainty” and calls for appropriately planned studies with timely regulatory interactions
(ichgcp.net) (ichgcp.net). While E8 does not prescribe a CDP textbook format, its spirit underpins modern
planning: sponsors should continuously update their plans based on emerging data, engage with authorities at
key points, and ensure all trials collectively deliver evidence toward the TPP.

However, even today inadequate planning remains a major risk. Industry observers note that companies
sometimes attempt to shortcut development without a clear plan, or fail to adjust strategies when data emerge.
In a LinkedIn article, ProRelix Research noted that regulatory agencies are often blamed for failures, but in
reality “poor planning (or in some cases, no clinical development plan at all) by pharmaceutical
companies also contributes to failure to achieve marketing approval” (www.linkedin.com). This comment
underscores the CDP’s raison d’être: structuring development to avoid ad-hoc, misaligned decision-making.
The goal of this report, therefore, is to explicate what a CDP is (and is not), describe its components and
creation, examine its impact via data and case examples, and outline current/future trends in development
planning.
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2. Definitions and Scope of a Clinical Development Plan
A Clinical Development Plan (sometimes called Development Plan, Clinical Program Plan, or Global
Development Plan) is not a formally standardized document, but it generally refers to the collection of
documents and strategies that outline a candidate’s clinical pathway. In practice, a CDP may consist of one or
several formal documents which might include: the initial Development Plan, successive amendments, slide
decks for internal planning meetings, or integrated project timelines. In contractual language, a CDP is often
defined as “an outline of clinical trials to be conducted… including local studies and Joint Global Studies, and
the material activities…to obtain the Regulatory Approvals for the product” (www.lawinsider.com). In simpler
terms, it is a blueprint listing all planned clinical trials (by phase, indication, key features) and related
regulatory and practical tasks (e.g. CMC milestones, submissions, agency meetings) that the sponsor intends
to execute in order to fulfill the target product’s label claims.

Multiple expert sources underscore the essence of a CDP. Certara’s industry blog (2024) describes the CDP
as a “roadmap for the data required to support the TPP”, detailing the number and design of all planned clinical
studies (www.certara.com). Similarly, consultant resources describe the CDP as laying out a logical sequence
of clinical studies aimed at generating information to support marketing claims (i.e. the label)
(www.lawinsider.com) (pharpoint.com). A comprehensive view recognizes that the CDP is part of a broader
development strategy, which also includes non-clinical plans, CMC plans, and commercial considerations
(pharpoint.com). (For example, PharPoint highlights that an effective program strategy includes a Target
Product Profile, regulatory plan, non-clinical package, the clinical development plan per se, CMC strategy, and
even post-launch commercial planning (pharpoint.com).)

Thus, the CDP itself is primarily the clinical-focused slice of the overall strategy. It is inherently dynamic – a
living document or set of interlinked documents. Industry veterans typically re-emphasize that a CDP should
be continually updated as new data and regulatory feedback appear. As one expert advised, it can be as
simple as a “pros and cons table” early on, or a detailed 100+ page dossier in large programs, but it must
remain agile and up-to-date (www.certara.com). Components may include modular sections such as “phase
summaries” for each intended trial, aligned with pre-defined decision points (e.g. before Proof-of-Concept or
Phase III), tables of key assumptions (e.g. recruitment rates, effect sizes), and schedule charts. Importantly,
sponsors use the CDP both internally (for resource planning and “go/no-go” decisions) and externally (as a
basis for discussion with Regulators and Partners).

Table 1 summarizes typical key elements of a CDP (and adjacent strategic components):

Component Scope / Role in CDP Notes / Example Elements

Target Product
Profile

Defines desired product attributes (indication, patient
population, efficacy & safety benchmarks, dosage form, etc.)
(pharpoint.com).

Drives trial endpoints and labeling goals
(e.g. “improves survival” vs. “improves
symptom X by Y%”).

Regulatory Strategy Describes planned interactions with agencies and submission
pathways (e.g. FDA/EMA Ph II meeting, Special Designations,
NDA/MAA timelines). (pharpoint.com)

Includes plans for
Breakthrough/Accelerated programs,
regional specifics (EU, US, Asia).

Non-Clinical Plan Outlines required preclinical studies (toxicology, PK/PD models)
needed before each clinical phase.

E.g. GLP tox studies vs. proof-of-
concept animal models.
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Component Scope / Role in CDP Notes / Example Elements

Clinical Development
Plan

Lists each proposed clinical study (Phase I–III, including sub-
studies): objectives, design, endpoints, sample size, and timing.

For each trial: population (patients vs.
healthy), dose, primary endpoint,
duration.

Chemistry/Manufactu
ring (CMC) Plan

Schedules drug supply chain tasks (manufacturing scale-up,
stability, comparability studies) to support trials and filing.

Ensures enough GMP material by study
start; accounts for
placebos/comparators.

Safety and Risk
Management

Strategy for safety monitoring (DSMBS, risk minimization plans,
pharmacovigilance).

Plan for Data Safety Monitoring Boards,
Risk Evaluation Mitigation Strategies.

Budget/Resources Estimates funding needs, timelines and personnel resources
across development.

Allocated by phase/trial, including CRO
costs, site payments, lab analyses.

Stakeholders/Commu
nications

Plan for engagement with KOLs, advisory boards, patient
groups, investors throughout development.

e.g. timing of advisory committees or
partnerships discussions.

Table 1: Key elements of a comprehensive clinical development plan and related components. A CDP
integrates trials (the “Clinical Dev Plan” row) with regulatory, scientific and resource planning (pharpoint.com)
(www.bioaccessla.com).

Each component is interconnected. For instance, the TPP (first row) essentially sets the hypotheses that the
clinical plan must prove. The regulatory strategy determines how the clinical data will be evaluated by
agencies (and thus influences trial choices). Non-clinical plans ensure safety. The CMC plan guarantees drug
supply for each trial. By aligning all these in a single CDP (often with sub-documents), sponsors aim to
optimize the entire program, balancing rigor against time/cost.

3. The Strategic Value of the CDP
Why invest effort in a CDP? The benefits are widely cited by development experts:

Efficiency and Cost Control: By forecasting needs and timelines, a CDP helps avoid costly surprises.
Early identification of potential bottlenecks (e.g. recruitment, manufacturing delays) allows mitigation
plans. As PharPoint notes, a strategic CDP “can help Sponsors optimize efficiency, control costs, [and]
plan timelines” (pharpoint.com). For example, planning may reveal that a single large global Phase III is
infeasible, suggesting an alternative like two smaller regional trials.

Decision Confidence: A CDP forces the team to articulate assumptions and alternatives. Decision-
makers (management, investors) gain confidence knowing that trade-offs were considered (e.g., single
dose vs. multiple dose study design). Certara’s blog highlights that a living CDP gives “decision-makers
some sense of the regulatory landscape” and a chance to “interrogate your assumptions” as the
program evolves (www.certara.com).

Regulatory Alignment: A well-prepared plan ensures that clinical programs meet regulatory
requirements from the outset. Early planning identifies special needs (e.g. pediatric study, biomarker
validation, companion diagnostic co-development) required by authorities (ichgcp.net). Proactively
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addressing these in the plan reduces the risk of late-stage hold-ups or non-approval. Eg, planning for
pediatric transfer or manufacturing comparability can be done concurrently with trials.

Portfolio Management: For sponsors with multiple assets, CDPs allow comparative resource
allocation. CERTARA blogs point out that developing individual CDPs for each asset helps prioritize
capital and timelines across the portfolio (www.certara.com). This is especially critical for venture-
backed biotechs or multi-indication products.

Risk Mitigation: A core purpose is to identify high-risk elements. For instance, because Phase II has
the lowest transition probability in most analyses, the CDP might propose adaptive designs or interim
futility assessments. Zhou et al. (2025) report that Phase II is the toughest hurdle: “Phase 2 (… efficacy,
dosing…) remains one of the most challenging steps in clinical drug development”
(pmc.ncbi.nlm.nih.gov). Recognizing this, a CDP might include extra pilot studies or stricter go/no-go
criteria around Phase II.

Facilitating Communication: Internally, all functional areas (clinical, biostatistics, regulatory,
manufacturing, commercial) use the CDP as a reference. Externally, it forms the basis for
consultant/CRO quotations, and for regulatory discussions. For example, if a health authority asks why a
certain endpoint was chosen, the rationale resides within the CDP documentation or associated briefing
packages.

Case examples (discussed later) will illustrate these points. In rare diseases, for instance, planning is vital to
manage small patient pools and ethical issues. In complex programs (anticancer, vaccines), an integrated plan
with modeling/simulation can accelerate development. In public health emergencies (e.g. COVID-19),
government-led plans can compress timelines enormously.

The following sections will dissect these various aspects in detail: how CDPs are constructed, governed by
data and regulation, and how they play out in real-world scenarios.

Core Components of a Clinical Development
Plan
A CDP typically evolves through multiple stages: initial draft at candidate selection, updates after key trials,
revision for each phase transition. It can be helpful to view the CDP through its main constituents, as
enumerated in Table 1 above. Here we elaborate on the main sections:

4. Target Product Profile (TPP)
The Target Product Profile is usually the first formal element established. It is arguably the “north star” of the
CDP. A TPP succinctly defines the intended indication, patient population, route of administration, dosage, and
critical efficacy and safety goals (often reflecting the desired product label). Examples of TPP attributes
include: indication (e.g. moderate-to-severe rheumatoid arthritis), primary endpoints (e.g. ACR20 response at 6
months), dosing regimen, and any special requirements (e.g. must work in anti-TNF resistant patients)
(pharpoint.com) (pmc.ncbi.nlm.nih.gov).
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The idea is to codify, up front, what scientific questions the development program needs to answer. For
instance, if the TPP demands a notable improvement in overall survival (a hard endpoint), the TPP would drive
several Phase III studies sized for survival analysis. The TPP also covers safety expectations (e.g. tolerability
comparable to standard of care, or no additional Black Box warnings). Crucially, TPPs are living: as trials read
out, the TPP may be refined (doses adjusted, patient subgroups added). However, at each juncture the CDP
references the TPP to ensure alignment. As PharPoint emphasizes, the TPP “defines key characteristics of the
marketed drug product” and guides all program activities (pharpoint.com).

5. Regulatory Strategy
Regulatory strategy outlines how and where the drug will be approved. This includes jurisdictional
considerations (e.g. US, EU, Japan, China), special designations (Fast Track, Breakthrough, Conditional
Marketing Authorization, Orphan Drug status), and planned interactions with agencies. The strategy section in
a CDP might list planned milestone meetings (e.g. End-of-Phase II meetings with FDA, Scientific Advice
requests to EMA) and regulatory submissions (IND, CTA, NDA/BLA).

Early agreement on the regulatory pathway is vital. For example, if a drug qualifies for accelerated approval
with a surrogate endpoint, the CDP may include an early Phase II/III pivotal trial using that surrogate plus a
confirmatory trial. Since the Consolidated Appropriations Act, 2023, FDA may require that confirmatory trial to
be underway before accelerated approval is granted (its January 2025 guidance on this is still a draft), so the
confirmatory study belongs in the pre-approval plan, not only after approval (www.fda.gov). Conversely, a
regular approval pathway might require a larger Phase III with hard endpoints. The regulatory plan informs the
trial design choices. In rare disease programs, regulators often provide special guidance (e.g. on extrapolating
adult data to pediatrics), and the CDP must integrate this. Indeed, regulatory bodies encourage early
engagement: for European approvals, studies show that about half of new drug applications in 2007–2008 had
previously sought Scientific Advice (a frank dialogue on trial designs, endpoints) to better align development
with expectations (pmc.ncbi.nlm.nih.gov). The CDP should reflect feedback from such meetings and any
evolving guidance.

6. Non-Clinical Plan
The non-clinical plan covers preclinical research needed to justify human testing and to support certain later
claims. It includes toxicology studies (e.g. acute/subacute toxicity in two species, genotoxicity, carcinogenicity
if needed), pharmacology (e.g. proof-of-concept animal models), and pharmacokinetics (ADME studies).
Although outside the strict CDP definition, these studies must proceed in tandem and their results feed into the
CDP timeline. For example, before any Phase I trial, one typically needs a package of toxicology studies (per
ICH M3(R2) standards). So the CDP must schedule trial start after completion of essential GLP studies and
IND submission.

Non-clinical elements may also reappear mid-development, such as reproductive toxicology or long-term
carcinogenicity studies requested by authorities to support a phase III or labeling claims. ICH M3(R2) allows
case-by-case flexibility in the nonclinical package, for example for serious or life-threatening diseases without
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effective therapy, and biotechnology-derived products follow ICH S6; any such modification must be
scientifically justified and agreed with regulators before it is built into the plan (www.ema.europa.eu). Again, the
CDP coordinates with these timelines to ensure the next trials are not delayed.

7. Clinical Study Plan
This is the heart of the CDP. It enumerates all planned clinical trials and their designs. Typically this begins
with Phase I (safety); continues through Phase II (proof-of-concept and dose-finding); and into Phase III
(pivotal efficacy/safety). The plan should also consider any additional studies needed for special populations
(e.g. pediatrics, geriatrics, pharmacogenomics, or relevant comorbidities) and supportive studies (e.g. drug-
drug interaction studies, bioequivalence if multiple formulations).

For each trial, the CDP details:

Objectives: what the trial is to show (safety, dosing, efficacy, PK/PD).
Design: randomization scheme, control group (placebo or active comparator), endpoints
(primary/secondary), statistical powering, adaptive elements, etc.
Population: inclusion/exclusion criteria, sample size estimates, targeted subgroups.
Timelines: start date, duration, interim analyses, projected read-out.
Success/Futility Criteria: decision rules for progressing (often formal interim analyses).
Resources: such as projected number of sites, total patients, CRO involvement.

This section should link each trial to specific TPP elements. For example: “Trial 2 (Phase IIb): 200 patients with
condition X; primary endpoint = biomarker change at 12 weeks; to establish proof-of-concept in the target
patient population per the TPP.” In practice, many companies create a “Program Tree” or Gantt chart showing
trials sequentially or in parallel, with dependencies. Each phase’s progression depends on meeting criteria
from the previous phase. As Certara’s blog advises, the CDP should include even simple tables of scenarios
and their pros/cons (www.certara.com) to keep the focus clear.

In large global programs, the CDP may cover multiple indications or combination trials (e.g., a cancer drug
tested in lung cancer Phase II, while simultaneously running a watchful waiting study in a rarer population). It
may differentiate joint global studies (run in many regions) vs. local studies (country-specific bridging
studies). Lawinsider’s sample contract language reflects this: a CDP “shall include (a) an outline of Clinical
Trials to be conducted… including the Local Studies and Joint Global Studies; and (b) the material activities…
to obtain Regulatory Approvals” (www.lawinsider.com). This highlights that a CDP can have both broad
international and tailored components.

7.1 Phase I

Phase I trials (often in healthy volunteers, or in cancer P1 directly in patients) establish initial safety, tolerability,
and pharmacokinetics. A CDP’s Phase I design typically includes a Single-Ascending Dose (SAD) study
followed by a Multiple-Ascending Dose (MAD) study, possibly including food effect and/or drug-drug interaction
cohorts. Key decisions here include: dose range to explore, number of cohorts, whether to include patient
arms (e.g. if a disease state is needed for PD signals), and whether to incorporate advanced PD biomarkers.
Modern CDPs often plan “Bayesian adaptive Phase I” or inclusion of some PK/PD modeling from the outset.
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Upadacitinib’s development, for instance, used Phase I PK/PD data (including IL-6–induced pSTAT3 inhibition,
benchmarked against tofacitinib) to inform Phase II dose selection (pmc.ncbi.nlm.nih.gov). The CDP must align
Phase I planning with TPP early priorities (e.g. if the TPP calls for once-daily dosing, the Phase I may include a
projection for modified-release formulations).

A key element in Phase I planning today is to consider future bridging and subpopulations from the start.
For example, if pediatric development is ultimately needed, the CDP might include a plan to include an
adolescent cohort or to perform allometric scaling. The rare-disease case study of PF-06252616 (a myostatin
antibody for Duchenne muscular dystrophy) illustrates this well: from Phase I in healthy adults, the team built a
population PK/PD model (from 1,671 observations) which, combined with meta-analyses of antibody PK and
DMD body weights, was used to guide pediatric dose selection for the subsequent Phase II study
(pmc.ncbi.nlm.nih.gov) (pmc.ncbi.nlm.nih.gov). Thus, the Phase I PD plan must often anticipate downstream
needs.

7.2 Phase II

Phase II (exploratory efficacy trials) actually tests whether the drug has the desired effect. These may be
subdivided into Phase IIa (proof-of-concept) and IIb (dose-ranging) if needed. A CDP must carefully design
Phase II to balance risk and information gain. Statistical powering, number of arms, and endpoints are critical
choices. Notably, many drug programs fail in Phase II: industry data repeatedly show that proving efficacy in
patients is risky (pmc.ncbi.nlm.nih.gov). Consequently, a CDP might call for interim analyses, adaptive dose
escalation, or even terminating the program if clearly futile. For example, a CDP might stipulate that if interim
effect size is below threshold at midpoint, the trial will stop.

Regulatory expectations can shape Phase II design. Agencies may request certain comparisons (placebo vs
active control), inclusion of specific biomarkers, or a seamless Phase II/III design. If accelerated approval is
sought, the CDP might plan a surrogate endpoint trial in Phase II plus a confirmatory Phase III, which FDA
may require to be underway before approval. A modern CDP may also plan to integrate modeling/simulation
at Phase II: e.g. population PK/PD models or Bayesian analyses to update doses, as done in the upadacitinib
program (pmc.ncbi.nlm.nih.gov).

7.3 Phase III and Beyond

Phase III (pivotal trials) execute the definitive tests of efficacy and safety. A CDP here details the intended
trial(s) that will serve as registration evidence. It specifies patient numbers (often several hundred to
thousands), primary/secondary endpoints (aligned with TPP label claims), and statistical analysis plans. For
global products, the CDP must coordinate trial sites worldwide and possibly plan multi-regional trials with
stratification by region.

Phase III planning in the CDP also includes post-marketing commitments. For instance, if an accelerated
approval is planned, the CDP includes confirmatory-trial timelines, recognizing that FDA may require the trial to
be underway before approval. If long-term safety (e.g. carcinogenicity) is a concern, these studies might start
during Phase III. The CDP should also include pharmacovigilance milestones (safety update plans).
Importantly, the CDP often ends with a “NDA/MAA submission” milestone; depending on region, this may
follow the last pivotal trial or a paediatric waiver plan, etc.
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In parallel with trial planning, the CDP must integrate patient recruitment strategy (else the best-designed trial
is useless if no patients enroll). For example, global programs now often plan for decentralized trials, rare-
disease registries, or patient advocacy involvement as part of execution. These tactics should be in the CDP or
companion risk plan.

Data and Analysis: CDP Impact on
Outcomes
Because the ultimate goal of a CDP is higher program success and efficiency, it is instructive to look at
aggregate data on clinical development outcomes. Large-scale analyses of clinical trials underline the stakes:

Overall Attrition: As noted, only ~5–10% of developing compounds achieve approval (pharpoint.com)
(pmc.ncbi.nlm.nih.gov). This means ~90–95% fail somewhere along the way. Historical benchmarks
(DiMasi 2016, Hay 2014) often cited ~10% for traditional large pharm, and newer data (Zhou et al.,
2025, covering ClinicalTrials.gov programs from 2001–2023) report a program-level overall success rate
that has stabilized around 5% in recent years (pmc.ncbi.nlm.nih.gov). In oncology, success can be even
lower (e.g. ~3–6%). These sobering numbers highlight why systematic planning to avoid predictable
failures is so critical.

Phase Success Rates: Individual phase transition probabilities are higher, but still far from 100%. For
example, Wong, Siah and Lo (2019), analyzing trials from 2000–2015, estimated industry-wide Phase
I→II success of about 66%, Phase II→III about 58%, and Phase III→approval about 59%
(pmc.ncbi.nlm.nih.gov). Their directly estimated overall probability of approval from Phase I was about
14%. Zhou et al. (2025) similarly observe a steep drop-off at Phase II: “Phase 2 remained one of the
most challenging steps” (pmc.ncbi.nlm.nih.gov). The specific values vary by indication and sponsor, but
the pattern is consistent: the CDP must pay special attention to Phase II design and decision criteria, as
failures here often terminate programs. Notably, Phase II has the lowest transition probability in
most analyses, so a large share of Phase II programs never reach Phase III.

Therapeutic Area Variance: Success rates differ across fields. Zhou et al. (2025) report recent
program-level overall success around 5%, with oncology below 5% since the 2006–2014 window
(pmc.ncbi.nlm.nih.gov). In Wong, Siah and Lo’s 2000–2015 data, vaccines (about 33%) and infectious
disease programs (about 25%) had much higher success than oncology (about 3%), although methods
and periods differ across studies. A CDP for a cancer drug thus might incorporate additional risk
mitigation (multiple backup molecules, adaptive design), whereas a vaccine CDP might benefit from
known immunologic markers and existing pathways.

Sponsor and Global Differences: Big Pharma and biotech show different performance. Zhou’s
analysis found that the top 20 large pharmaceutical companies had slightly higher overall success
(OSR ~9–10%) compared to smaller biotechs (pmc.ncbi.nlm.nih.gov). The reasons include larger
resource pools, more conservative portfolios, and perhaps multiple shots on goal. The CDP of a small
biotech might need to be particularly lean and de-risked. Additionally, global location matters: with major
regulatory reforms (e.g. 60-working-day implied IND approvals), China has become a very attractive trial
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location (www.forbes.com). One 2025 commentary put China’s share of global clinical trials at about a
quarter, although such figures vary with how trials are counted (www.forbes.com). This geographic shift
suggests that modern CDPs often include Chinese trial sites or data submissions in their scope.

Portfolio Perspective: High-level modeling shows that robust planning can meaningfully affect portfolio
metrics. For instance, clinical programs integrate modeling and simulation with the aim of reducing late-
stage failure. The upadacitinib case illustrates this: by using population PK/PD models to predict
pediatric dosing and by conducting analyses to waive a separate QT prolongation trial, the program
gained agency acceptance to skip certain studies (avoiding resource-intensive steps)
(pmc.ncbi.nlm.nih.gov). These efficiencies may ultimately improve the “pipeline success rate” of the
sponsor.

In summary, the data on clinical success rates emphasize that the odds are stacked against any novel drug. A
CDP cannot change the underlying biology, but by systematically addressing risks and knowledge gaps, it can
improve the odds on the margin. For example, if a CDP leads to identifying an unanticipated regulatory
requirement early (and thus adding a supporting study) it could save a program that otherwise would have
been rejected. Or if modeling shows that a lower dose is likely sufficient, a trial can be designed more
efficiently. The ultimate impact of a CDP is measured in reduced time-to-market and higher probability of
approval for the asset.

Case Studies and Real-World Examples
To illustrate the principles above, consider the following representative case studies:

8.1 Rare Disease Program: PF-06252616 (Anti-Myostatin Antibody
for DMD)
In rare pediatric diseases, patient scarcity and ethical concerns make development especially challenging.
Bhattacharya et al. (2016) discuss the development of PF-06252616, a monoclonal antibody targeting
myostatin for Duchenne Muscular Dystrophy (DMD) (pmc.ncbi.nlm.nih.gov). The CDP for this drug exemplified
heavy use of modeling. After a First-In-Human (FIH) Phase I in healthy adults (with wide dose ranges, i.v. and
s.c. routes), the team collected rich PK/PD data (myostatin levels, safety) (pmc.ncbi.nlm.nih.gov). They
constructed a population PK/PD model, incorporating inter-subject variability, body-weight distribution, and
known myostatin levels from literature.

Using meta-analyses and modeling, they predicted exposure in 6–10 year old boys with DMD and
demonstrated (see Table 1 in the source) that a simple weight-based dose provided equivalent drug exposure
across ages (pmc.ncbi.nlm.nih.gov). Importantly, these analyses convinced regulators: “the dosing in the
subsequent phase II study in patients with DMD was proposed based on the strategy outlined here and
has been accepted by seven regulatory authorities.” (pmc.ncbi.nlm.nih.gov). Regulatory acceptance of a
dosing strategy is not evidence of efficacy: dose selection and clinical benefit are separate questions, and only
the Phase II study itself could answer the second.
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Key lessons: The PF-06252616 program’s CDP planned early for pediatric bridging even though initial
studies were in adults. It exploited a living development plan by continuously integrating new analyses
(allometric scaling, meta-analyses, PK/PD modeling) to support dose selection. The same paper’s Pompe
disease example (see 8.3) shows a different tool, using natural history data (pmc.ncbi.nlm.nih.gov) to justify an
open-label design when placebo would be unethical. This rare disease case shows that a forward-looking plan
can turn limited patient data into robust justification for dose-selection decisions.

8.2 Model-Informed Development: Upadacitinib (JAK Inhibitor)
The JAK inhibitor upadacitinib serves as an example of how modern quantitative tools integrate into the CDP.
Bhatnagar et al. (2025) document the “Model-Informed Paradigm” used across upadacitinib’s development for
rheumatoid arthritis and other inflammatory diseases (pmc.ncbi.nlm.nih.gov). Here the CDP explicitly included
modeling and simulation at multiple phases:

Phase I: Standard SAD/MAD studies plus biomarker PD assays (e.g. IL-6–induced STAT3 inhibition) to
characterize JAK1-target engagement (pmc.ncbi.nlm.nih.gov). These data confirmed selectivity and
helped benchmark doses versus tofacitinib.
Concentration-QT: The team applied an early “QT analysis” using Phase I exposure data (instead of a
dedicated thorough QT study). Because there was no pharmacological positive control, the QT change
after food intake was used to show assay sensitivity. After end-of-Phase 2 discussion, regulators
accepted this in lieu of a standalone thorough QT study (pmc.ncbi.nlm.nih.gov), which the authors
describe as a cost saving.
Population PK/PD Modeling: Initial pediatric doses came from a population PK model built on adult
data with allometric scaling; pediatric Phase 1 studies then used an adaptive design whose preplanned
model update led to a dose revision, and efficacy in polyarticular JIA and pediatric psoriatic arthritis was
extrapolated from adult data rather than shown in new Phase 3 trials (in the US those indications are
approved from age 2, atopic dermatitis from age 12) (pmc.ncbi.nlm.nih.gov).
Formulation Bridging: Analyses were planned to compare extended-release vs immediate-release PK,
supporting later formulation changes.
Adaptive Trials: Bhatnagar et al. summarize (their Figure 2) the factors considered before each clinical
study, and describe simulations informing specific decisions, such as moving once-daily extended-
release regimens into Phase 3 without separate Phase 2 testing (pmc.ncbi.nlm.nih.gov).

The upadacitinib case underscored that embedding M&S into the CDP can significantly accelerate programs.
The authors report that their approach “led to increased drug development efficiency, such as time and cost
savings through waivers and fewer required studies, and enabled faster availability of the drug to patients”
(pmc.ncbi.nlm.nih.gov).

8.3 Pediatric Rare Disease: Pompe Disease (Alglucosidase Alpha)
Bhattacharya et al. also highlight a classic regulatory-planning case: the pivotal trial of alglucosidase alfa in
infantile Pompe disease (pmc.ncbi.nlm.nih.gov). Here the CDP faced an urgent situation: Pompe patients
deteriorate quickly, and exposing infants to placebo was ethically untenable. The plan cleverly incorporated
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natural history data. Investigators performed an 18-patient single-arm trial with enzyme replacement, and
used a matched subset (62 of 168 patients) of a natural history data set as a “pseudo-placebo” comparator.
The primary endpoint – survival free of invasive ventilation at 18 months – was 83% vs. 2% favoring treatment
(pmc.ncbi.nlm.nih.gov). This dramatic result, planned into the CDP, secured approval despite the
unconventional design. It illustrates that sometimes the plan must include creative evidentiary paths when
randomized controls are infeasible.

8.4 Pandemic Emergency: COVID-19 Vaccines (Operation Warp
Speed)
The COVID-19 pandemic triggered unprecedented acceleration of vaccine development via massive planning
resources. Operation Warp Speed (OWS), a US public–private initiative, essentially functioned as a super-
CDP for multiple candidates. Ho (2020) describes OWS’s strategy: it committed more than $10 billion to 6
vaccine candidates for research, clinical development and manufacturing, enabling them to manufacture doses
before final approval (pmc.ncbi.nlm.nih.gov) (pmc.ncbi.nlm.nih.gov). Timelines for clinical studies were
compressed from a typical 10 years to under 1 year (pmc.ncbi.nlm.nih.gov) (pmc.ncbi.nlm.nih.gov). OWS’s
plan involved parallelizing normally sequential steps: for example, manufacturing facilities were built in
advance of trial results. Regulatory processes were also accelerated (the FDA used its existing Emergency
Use Authorization authority, which dates from the Project BioShield Act of 2004, and issued vaccine-specific
guidance) (www.fda.gov).

Even beyond funding, OWS epitomized integrated planning: candidates were developed against an efficacy
expectation of roughly 50%, BARDA coordinated manufacturing, the FDA engaged in rolling reviews, and CDC
planned distribution logistics. Phase III trials ran in parallel with at-risk manufacturing scale-up. The result was
that by December 2020 the first vaccines had EUAs in the US – an astonishing 10x faster development than
usual (pmc.ncbi.nlm.nih.gov) (pmc.ncbi.nlm.nih.gov). Ho’s Table 1 lists the OWS candidates and their public
investments, emphasizing the level of planning involved.

OWS shows how a monumental CDP (at government scale) can drastically achieve goals under crisis. Key
lessons include the value of parallelization (not normal in typical CDPs), the acceptance of higher upfront risk
(building factories first), and centralized coordination across agencies. The pandemic case also accelerated
trends that CDPs must now consider: mRNA technology platforms, global data sharing, and trial designs like
challenge studies or seamless Phase II/III, which may appear in future CDPs.

Implications and Future Directions
9. Evolving Practices in CDP
Several broad trends are reshaping how CDPs are formulated and used:

Adaptive and Platform Trials: CDPs increasingly build in flexibility. Adaptive trial designs (e.g. umbrella
or basket trials in oncology) allow multiple hypotheses to be tested under a single protocol. This was
seen widely in cancer drug development in the 2010s. A CDP today might plan a Phase II that is
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adaptive: if an interim shows a strong effect, the study expands into Phase III seamlessly. Incorporating
these requires forward-thinking in the CDP and close statistical control.

In Silico and Real-World Data: Consistent with modeling examples earlier, regulators and sponsors
are now accepting external data as supportive evidence. A CDP may plan to use Real-World Evidence
for label expansion or patient phenotyping (especially for small populations). Also, digital twins and
simulation may eventually allow virtual arms. While still nascent, AI-driven trial simulations could soon
become standard tools to stress-test development plans under various scenarios
(pmc.ncbi.nlm.nih.gov).

Decentralized and Hybrid Trials: The COVID era accelerated telemedicine and remote monitoring.
Future CDPs typically include plans for decentralized data collection to improve enrollment and
retention. This affects logistics in the plan (flow of data, participant support, etc). Patient-centricity
(patient advisory boards, flexible visit schedules) is often mentioned in modern recommendations, and
successful CDPs will build these in up front.

Regulatory Convergence: With the ICH promoting harmonization and entities like FDA’s Project Orbis
(multi-country review), CDPs can increasingly plan simultaneous submissions rather than sequential
country-by-country development. Also, many countries now accept foreign trial data (e.g. China’s ICH
membership). This global alignment simplifies CDPs (one trial can serve many submissions) but
requires early cross-border coordination. For example, Chinese reforms (implied IND approvals,
infrastructure build-up) mean many sponsors now consider including China from Phase I onward
(www.forbes.com).

AI and Machine Learning: As noted, tools are emerging to assist planning. Arun Bhatt (2025) describes
numerous AI applications in drug development: optimizing patient selection, identifying prognostic
factors, improving endpoint assessments, even automating protocol drafting (pmc.ncbi.nlm.nih.gov). In
future CDPs, planners may simulate dozens of trial scenarios using AI to decide the optimal path. Of
course, challenges around data validity and ethics remain (pmc.ncbi.nlm.nih.gov), but the direction is
clear: AI will augment how teams predict and refine development outcomes.

Health Economics and Value: Although CDPs focus on trials, late in development sponsors also think
about market access. There is a growing “parallel planning” where Health Technology Assessment
(HTA) bodies’ requirements (e.g. comparative effectiveness, quality-of-life measures) influence trial
choice. Modern CDPs sometimes include payor/adoption strategies to ensure the product, once
approved, can be reimbursed.

10. Broader Implications
ClinDev plans have implications beyond any one drug:

Public Health: Efficient CDPs mean effective therapies reach patients sooner. For example, the rare
disease cases and COVID vaccines indicate how planning bridges unmet medical need. Conversely,
inadequate planning can delay or deny critical therapies. Regulatory authorities themselves advocate for
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better planning: the FDA’s Patient-Focused Drug Development initiatives encourage early planning of
patient-centric endpoints.

Economic Impact: Better success rates and faster approvals reduce wasted R&D dollars. A biopharma
CEO or venture capitalist will directly see higher ROI if upfront planning leads to a smoother
development. High-profile failures (e.g. toxicities missed early due to poor design) also carry legal and
reputational costs. The emphasis on planning reflects a shift in the industry toward more prudent capital
allocation.

Innovation and Competition: Multi-national CDPs (like OWS) show how global competition can drive
innovation in planning. As Greg Licholai notes, China’s policy reforms transformed it into a development
hub (www.forbes.com), forcing Western companies to adapt their CDPs (including trials in new regions).
Similarly, the rise of biotech has diversified planning approaches – biotechs often rely heavily on
external CROs and lean plans, whereas big pharma may pursue robust backup programs.

Ethical and Social Considerations: A good CDP also embodies ethical trial conduct. Planning for
patient safety (DSMB oversight, stopping rules) and informed consent (cohort size, risk minimization) is
implicitly part of the CDP. Trends toward transparency (publishing protocols, sharing data) mean CDPs
may become more publicly scrutinized over time.

Conclusion
In summary, a Clinical Development Plan is a strategic blueprint essential to modern drug development. It
aligns the scientific vision (TPP) with the practical steps (trials, submissions, resources) required to bring a
product to market. As an integrated document, the CDP helps sponsors balance ambition with feasibility: it
enumerates what must be proven, when, and how, while allowing for adaptive pivots as data emerge.

The stakes are high: developing new therapies is extremely difficult, expensive, and risky. Industry data
consistently show very low success rates for drug development (pharpoint.com) (pmc.ncbi.nlm.nih.gov).
Well-structured CDPs can mitigate some of these risks by ensuring that trials are properly designed, regulatory
hurdles anticipated, and budgets allocated intelligently. Case studies from rare diseases to global pandemics
demonstrate that planning matters. For example, in rare pediatric programs, a plan that leverages modeling
and external data can enable approval without unethical trials (pmc.ncbi.nlm.nih.gov) (pmc.ncbi.nlm.nih.gov).
In a crisis, an overarching plan with massive public-private coordination (OWS) can produce vaccines in under
a year (pmc.ncbi.nlm.nih.gov) (pmc.ncbi.nlm.nih.gov). In all cases, rigorous planning was a key enabler of
progress.

Looking forward, the concept of the CDP will continue to evolve. Advances in data science, trial design, and
global collaboration may reshape the tools and content of plans. AI methods promise to make some planning
tasks more data-driven (pmc.ncbi.nlm.nih.gov), while regulatory innovation encourages more integrated global
approaches. However, the core principle remains: clinical development should be guided by a clear,
adaptable plan. When sponsors invest in a high-quality CDP, they not only improve a single program’s chance
of success, but also contribute to broader research efficiency, patient safety, and innovation.
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It is thus imperative for pharmaceutical companies, biotech firms, and even academic teams venturing into
human trials to treat the CDP not as a formality, but as a living strategic document deserving as much attention
as any technical lab study. Consistent with ICH guidelines on development planning (ichgcp.net) and industry
best practices (www.certara.com) (pharpoint.com), we recommend embedding CDP formulation early in each
program and revisiting it often. Ultimately, the most successful drug development programs are those
built on foresight, data-driven decisions, and robust planning.
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data engineering and business intelligence solutions. Areas of focus include AI agents, regulatory research,
medical writing, medical affairs, CMC information, competitive intelligence and clinical-document workflows.
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Enterprise platforms and regulated delivery

We provide Veeva services, application support, managed services, integrations and custom applications,
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Website: https://intuitionlabs.ai
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