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Executive Summary

Clinical trial protocols change far more often, and far more expensively, than most sponsors plan for. The most authoritative longitudinal source on this
question, the Tufts Center for the Study of Drug Development (Tufts CSDD), has tracked protocol amendment rates across four research waves
since 2010. The published longitudinal evidence shows more amendments and longer implementation times; the most recent wave did not provide
comparable cost data to establish a cost trend. In its earliest large-sample benchmark (3,413 protocols across 17 companies), Tufts CSDD found each
amended protocol carried an average of 2.3 amendments, adding roughly four months of incremental cycle time (Source: sage.cnpereading.com). By
its 2016 benchmark, 57% of protocols required at least one substantial amendment, at a median direct cost of $141,000 for Phase Il and $535,000
for Phase Il (Source: pubmed.ncbi.nim.nih.gov) (Source: globenewswire.com). By the most recent published wave (950 protocols, 2,188

amendments, peer-reviewed in March 2024), that prevalence had climbed to 76%. Protocols that required amendments averaged 3.3 amendments;
across all 950 protocols, the study recorded approximately 2.3 amendments per protocol. (Source: pubmed.ncbi.nlim.nih.gov) (Source: doi.org).

The financial stakes are large and, until recently, badly mis-stated. Tufts CSDD estimates the pharmaceutical and biotechnology industry now spends

$7 to $8 billion annually implementing protocol amendments across active Phase Il and Phase Il trials (Source: pharmoutsourcing.com). A separate

2024 Tufts CSDD white paper corrected a three-decades-old estimate of trial-delay cost, a figure of $4 to $5 million per day of delay traced back to
1993 Office of Technology Assessment and Boston Consulting Group calculations, finding it "many magnitudes too high" (Source: csdd.tufts.edu). The
corrected figure, per the peer-reviewed journal version, is closer to $500,000 per day in lost prescription drug or biologic sales (Source:
link.springer.com), though the white paper and trade-press coverage of the same underlying study round to $800,000 per day (Source:
contractpharma.com), a discrepancy this report presents transparently rather than resolving artificially. Direct trial-conduct cost per day now averages

$40,000 for combined Phase II/1Il trials, roughly half the inflation-adjusted 1990s-era estimate, and varies sharply by phase: $55,716/day for Phase
1ll, $23,737Iday for Phase Il, $14,091/day for Phase IV, and $7,829/day for Phase | (Source: csdd.tufts.edu).

Amendments also stretch timelines substantially. The 2024 Tufts CSDD study found that the interval from identifying the need to amend a protocol to
the last required oversight approval averages 260 days, having nearly tripled over the prior decade (Source: pubmed.nchi.nlm.nih.gov), and

investigative sites now operate on mismatched protocol versions for a mean of 215 days per amendment cycle. A related 2021 Tufts CSDD analysis

of 194 drug developers found that the average trial now experiences four planned and four unplanned mid-study updates, each adding roughly 30
days to overall duration (Source: globenewswire.com). Regulators distinguish "substantial® amendments, those materially affecting subject safety,
rights, or data reliability, from minor administrative changes; the US Food and Drug Administration (FDA) requires pre-implementation submission
under 21 CFR 312.30 (Source: law.cornell.edu), while the European Union Clinical Trials Regulation (536/2014) requires a mirrored approval
procedure for any modification with substantial impact on safety or data robustness (Source: eur-lex.europa.eu). Not all of this is preventable: the
share of amendments judged "unavoidable" rose to 77% by 2022, with regulatory-agency requests and study-strategy changes cited as the leading
drivers, up from a 45% avoidable share in 2016 (Source: pubmed.ncbi.nlm.nih.gov) (Source: doi.org).

A cluster of design-stage interventions is emerging in response: TransCelerate BioPharma's Common Protocol Template cut protocol development
cycle time by 20.8% in one member-company deployment (Source: transceleratebiopharmainc.com); Dassault Systemes' Medidata launched an Al-

driven protocol-simulation product in May 2025 built on data from 38,000 trials and 12 million patients (Source: medidata.com); and a peer-reviewed
AbbVie/Unlearn.Al digital-twin study modeled potential savings of 280 patients and nearly four months of recruitment time in a Phase 3 Alzheimer's
scenario without altering trial design (Source: pmc.ncbi.nlm.nih.gov). This report presents the full quantitative picture, methodology, causes, costs,
timelines, and emerging mitigations, drawing on Tufts CSDD's published research program, FDA and EU regulatory text, ICH E6(R3) Good Clinical
Practice guidance, UK Health Research Authority data, and named vendor and academic case studies, as of August 2026.

Introduction and Background

A clinical trial protocol is the controlling document that specifies a study's objectives, design, patient eligibility criteria, procedures, and statistical plan.
Once a protocol is finalized and a trial is under way, regulators in every major jurisdiction require that any material change go through a formal
protocol amendment process: a written revision, submitted to regulators and to the overseeing institutional review board (IRB) or ethics committee,

and in many cases requiring re-consent of already-enrolled participants. Amendments are not inherently a sign of poor planning; new safety
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information, regulatory feedback, and legitimate scientific refinement all justify mid-study changes. But the frequency, cost, and delay associated with
amendments have become one of the most closely tracked inefficiency metrics in drug development, and the data show the problem has worsened
over the past fifteen years rather than improved. Amendment prevalence rose from 57% to 76% of protocols between the 2016 and 2022 Tufts CSDD
benchmarking waves, and the average interval from identifying the need for an amendment to the last required oversight approval grew to roughly 260
days, both figures examined in full detail later in this report (Source: pubmed.ncbi.nlm.nih.gov) (Source: doi.org).

This report synthesizes the best available quantitative evidence on clinical trial protocol amendment frequency and cost, anchored primarily in the
multi-decade research program of Tufts CSDD, a Boston-based academic research center that has published the field's most cited amendment
benchmarks since at least 2011. It also draws on FDA and European Medicines Agency (EMA) regulatory text, the International Council for
Harmonisation's E6(R3) Good Clinical Practice (GCP) guideline finalized in January 2025, UK Health Research Authority (HRA) operational data, a
peer-reviewed Nature Scientific Reports machine-learning analysis of trial complexity, and named vendor deployments applying artificial intelligence
(Al) to protocol design. Every figure below was traced to its originating study, press release, regulatory filing, or peer-reviewed publication rather than
to a secondary restatement, and discrepancies between sources are flagged explicitly rather than smoothed over.

The subject matter sits squarely in the domain that life-sciences and Al advisory firms increasingly engage with: the operational and data-infrastructure
consequences of protocol churn ripple through clinical data management, regulatory submission planning, and commercial forecasting systems alike.
IntuitionLabs, a life-sciences and Al consultancy and an official Veeva Vault CRM X-Pages partner, works on the systems side of this problem,
building compliant Al and data-integration tooling for pharmaceutical clients rather than protocol-authoring software itself (Source: intuitionlabs.ai).
That distinction matters for how the findings below should be read: this is an independent, source-verified data report on industry-wide amendment
patterns, not a vendor promotion for any single protocol-design platform.

The report proceeds in six analytical stages. First, it explains how amendment data is collected and defines the Tufts CSDD study waves that anchor
most published statistics. Second, it presents the frequency data: how often protocols are amended, broken down by phase, therapeutic area, and
study era. Third, it walks through the regulatory taxonomy for FDA and EU amendments and the United Kingdom's current modification categories.
Fourth, it examines the root causes of amendments and the shrinking but still meaningful share regarded as avoidable design errors. Fifth, it presents
the cost and timeline data in full, including a transparent accounting of a widely circulated but unverifiable delay-cost figure. Finally, it profiles five
named, real-world efforts, spanning an industry consortium, two Al vendors, an academic-industry study, and a national regulatory dataset, that are
actively working to reduce avoidable amendments through better upfront design.

Data Sources and Methodology: Tufts CSDD Benchmarking Waves Since 2010

Most of the quantitative record on protocol amendments traces to a single, methodologically consistent research program run by Tufts CSDD, whose
Director of Sponsored Research, Ken Getz, has led or co-authored the majority of the field's landmark studies. Tufts CSDD has published at least four
major benchmarking waves since 2010, each surveying protocol-level data voluntarily submitted by pharmaceutical companies and contract research
organizations (CROs), which allows before-and-after comparison over more than a decade.

The baseline wave, published in 2011 and based on 3,413 protocols from 17 companies, found that amended protocols averaged 2.3 amendments
each, adding roughly four months of incremental cycle time, and that more than 40% of protocols were amended even before the first study subject
was enrolled, a strong signal of avoidable upfront design gaps (Source: sage.cnpereading.com). The 2016 wave, based on 836 Phase | through

Phase IV protocols and published in the peer-reviewed journal Therapeutic Innovation & Regulatory Science, tightened the methodology and
introduced the "substantial amendment" framing that later studies retained, finding 57% of protocols had at least one substantial amendment and
quantifying, for the first time, a median direct implementation cost (Source: pubmed.ncbi.nim.nih.gov). Central to that wave, and every wave since, is a

specific operational definition of what counts as "substantial”: a change requiring the sponsor to suspend enrollment, secure internal sign-off, and then
obtain renewed approval, "obtaining internal approval followed by approval from an ethical review board," before the change can be implemented at
sites (Source: pharmoutsourcing.com), the same operational threshold used to compute the direct-cost and timeline benchmarks presented

throughout this report. Tufts CSDD also published an interim 2021 mid-study update analysis covering 194 drug developers, which found the
average trial experiences four planned and four unplanned mid-study updates, each adding roughly 30 days to trial duration (Source:
globenewswire.com). The most recent and most rigorous wave, based on 950 protocols and 2,188 amendments across 16 companies and CROs,
was posted as a preprint in mid-2023 and published in peer-reviewed form in March 2024, again in Therapeutic Innovation & Regulatory Science
(Source: pubmed.ncbi.nlm.nih.gov) (Source: researchsquare.com).

These figures are supplemented by non-Tufts sources that add geographic and methodological breadth. A UK National Health Service (NHS) mixed-
methods study, "Amendments Assemble," examined 242 approved amendments across 53 clinical research studies and cross-referenced its findings
against two earlier Getz et al. Tufts CSDD studies of multinational commercial trials (Source: pmc.ncbi.nim.nih.gov). A 2024 machine-learning study
published in Nature Scientific Reports, drawing on more than 16,000 trials, independently validated the link between protocol complexity and trial
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duration using a proprietary Trial Complexity Score (Source: nature.com). One important methodological limitation surfaced by the most recent Tufts
CSDD wave itself: direct-cost data proved very difficult to collect from participating companies, with a completion rate of only 1% on cost-related
survey fields, meaning the 2016 wave's $141,000/$535,000 cost figures remain the most recent directly reported cost benchmarks, even as frequency
and timeline data have been updated more recently (Source: researchsquare.com).

How Often Are Protocols Amended? Frequency Trends by Phase and Era

The headline trend across every Tufts CSDD wave is unambiguous: amendments have become both more common and more numerous per protocol.
Table 1 below summarizes the four major benchmarking waves.

Table 1: Tufts CSDD Protocol Amendment Frequency, 2010 to 2024

% WITH 21
STUDY WAVE PROTOCOLS REPORTED MEAN

SUBSTANTIAL SOURCE
(DATA PERIOD) STUDIED AMENDMENT COUNT

AMENDMENT

~60% (69% in later

Baseline 3,413 protocols, 17 ) )
2010-baseline 2.3 (amended protocols) (Source: sage.cnpereading.com

(through ~2010) companies )
comparison)

2016 wave 836 protocols, 57% overall; 77% for (Source: pubmed.ncbi.nlm.nih.gov
» 2.2 (Phase Il), 2.3 (Phase IlI) )
(data ~2015) Phase I-IV Phase Il specifically (Source: globenewswire.com
2021 interim
) 78% (Phase II), 69% )
(data 2018- Undisclosed sample Not separately reported (Source: pharmoutsourcing.com
(Phase II1)
2020)
2022/2024 950 protocols, 2,188 3.3 among protocols with . )
76% overall (up from . (Source: pubmed.ncbi.nim.nih.gov
wave (peer- amendments, 16 amendments (approximately -
. . 57%) (Source: doi.org
reviewed) firms 2.3 across all 950 protocols)

Table 1 shows two distinct research cuts from the same overall Tufts CSDD program covering an overlapping 2018-2020 window, an interim
commentary reported through trade press (78%/69% by phase) and the fully peer-reviewed 950-protocol study published in 2024, with somewhat
different phase-level results; this report presents both rather than silently picking one, since neither publication contradicts the other's core conclusion
that amendment prevalence rose sharply after 2015. The earlier 2016 wave had already flagged Phase Il as the most amendment-prone stage of
development: across that 836-protocol sample, "Phase Il and IIl protocols had a mean number of 2.2 and 2.3 global amendments, respectively.” In the
2022/2024 wave, protocols that required amendments averaged 3.3 amendments, while the full 950-protocol sample averaged approximately 2.3
amendments per protocol. (Source: pubmed.ncbi.nlm.nih.gov). The peer-reviewed 2024 study offers the most granular phase breakdown available:

Phase | protocols showed 65.3% amendment prevalence and affected protocols averaged 3.1 amendments; Phase 1l showed the highest prevalence
at 88.2% and affected protocols averaged 3.3; Phase Il showed 82.2% prevalence with the highest mean among affected protocols at 3.5; and Phase
IV (post-marketing) showed the lowest prevalence at 54.2% and affected protocols averaged 2.4 amendments (Source: researchsquare.com). A
companion trade-press summary by the study's lead author states plainly that three-out-of-four protocols required at least one amendment;
among protocols requiring amendments, the reported mean was 3.3, and 80% of late-stage Phase Ill protocols averaged 3.5 substantial amendments
(Source: appliedclinicaltrialsonline.com).

Two independent, non-Tufts data points corroborate the general trend. The UK NHS "Amendments Assemble" review, citing two separate Getz et al.
studies of multinational commercial trials, found 57% and 58.8% of trials had submitted at least one amendment (Source: pmc.ncbi.nlm.nih.gov),
figures broadly consistent with the Tufts CSDD 2016 wave. Separately, the UK Health Research Authority processed 18,309 amendments in England
and Wales in a single year (April 2019 to March 2020), of which 58% were classified as substantial, while the UK's Medicines and Healthcare products

Regulatory Agency (MHRA) separately reviews roughly 5,500 substantial amendments annually (Source: pmc.ncbi.nlm.nih.gov), a national-scale

volume figure that puts the per-trial amendment averages into system-wide perspective.

Substantial vs. Non-Substantial Amendments: The Regulatory Taxonomy
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Not every protocol change triggers the same regulatory burden. Every major jurisdiction distinguishes between amendments that materially affect a
trial and those that are administrative or clarifying in nature, though the exact terminology and thresholds differ.

In the United States, the FDA's regulation at 21 CFR 312.30 requires a sponsor to submit a protocol amendment "describing any change in a Phase 1
protocol that significantly affects the safety of subjects" or, for later-phase trials, any change that significantly affects the scope of the investigation or
the scientific quality of the study (Source: law.cornell.edu). The regulation gives a concrete example: "Any significant change in the design of a
protocol (such as the addition or dropping of a control group)" must be submitted as an amendment (Source: |aw.cornell.edu). FDA guidance further
specifies that amendments must be submitted, and IRB approval obtained, before implementation: "Sponsors are expected to submit protocol
amendments for new protocols or changes to existing protocols before implementation" (Source: fda.gov).

The European Union takes a similarly risk-tiered approach under the Clinical Trials Regulation (EU) No 536/2014, which defines a substantial
modification as "any change to any aspect of the clinical trial which is made after notification" of the original application that is likely to have a
substantial impact on subject safety, rights, or the reliability and robustness of the data generated (Source: dmp.no). The Regulation's own recitals
make explicit that "modifications have a substantial impact on the safety or rights of the subjects" trigger a full authorization procedure that mirrors the
original trial-approval process, a materially heavier burden than the administrative filing required for non-substantial changes (Source: eur-
lex.europa.eu). Since the amended UK Clinical Trials Regulations took full effect on 28 April 2026, modifications to a clinical trial approval are
categorised as Route A substantial modifications, Route B substantial modifications, modifications of an important detail, or minor modifications. Route
A modifications are likely to have a substantial impact on participant safety or rights or on data reliability or robustness; Route B modifications are

defined in regulation 11B and the MHRA guidance. Substantial modifications require approval before implementation, except for urgent safety
measures. (Source: pmc.ncbi.nlm.nih.gov).

Underlying all three regulatory regimes is the internationally harmonized ICH E6(R3) Good Clinical Practice guideline, finalized in January 2025,
which frames the entire amendment problem in terms of upfront trial quality rather than downstream paperwork. The guideline states that “trials with
inadequate design and/or poorly conducted trials may place participant safety at risk" and links this directly to resource waste (Source:
database.ich.org). ICH E6(R3) formally recommends a quality-by-design (QbD) approach, “focusing on critical to quality factors of the trial" identified
prospectively rather than discovered mid-study (Source: database.ich.org), and its Appendix B explicitly ties this to amendment avoidance, noting that
building "adaptability into the protocol" through pre-specified acceptable ranges "can reduce the number of deviations or in some instances the
requirement for a protocol amendment” (Source: database.ich.org).

Table 2 below compares the three regimes' substantial-amendment thresholds and review pathways side by side.

Table 2: Substantial Amendment Thresholds by Regulator

REGULATORY SUBSTANTIAL AMENDMENT
JURISDICTION REVIEW PATHWAY CITATION
FRAMEWORK THRESHOLD
Change significantly affecting ) .
. FDA, 21 CFR . . L Pre-implementation (Source: law.cornell.edu
United States subject safety, investigation .
312.30 submission plus IRB approval (Source: fda.gov

scope, or scientific quality

EU Clinical Trials Change likely to substantially

European . . . ] Full authorization procedure (Source: dmp.no (Source:
. Regulation impact subject safety/rights or L . .
Union o mirroring original trial approval eur-lex.europa.eu
536/2014 data reliability/robustness
Significant impact on subject Full board review (4-6 weeks) (Source:
United safety, physical or mental vs. expedited review (5-8 N )
. HRA/MHRA . ) . o . pmc.ncbi.nim.nih.gov
Kingdom integrity, or the trial's scientific business days) for non-

value

substantial changes

(Source: wcgclinical.com

Table 3 underscores that despite different statutory language, all three major regulatory regimes converge on the same underlying test: does the
change plausibly affect subject safety, subject rights, or the scientific/data integrity of the trial. Where the regimes diverge is in review-speed
consequences. A full board review of a complex or high-risk amendment in the UK system typically takes 4 to 6 weeks, while an expedited review of a
minor or low-risk change can be completed in 5 to 8 business days per WCG (formerly WIRB-Copernicus Group, a leading commercial institutional
review board) guidance (Source: wcgclinical.com), a nearly five-fold difference in review speed that makes the substantial/non-substantial
classification a meaningful operational lever, not merely a regulatory label.
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https://www.law.cornell.edu/cfr/text/21/312.30#:~:text=sponsor%20shall%20submit%20a%20protocol%20amendment%20describing%20any%20change%20in%20a%20Phase%201%20protocol%20that%20significantly%20affects%20the%20safety%20of%20subjects
https://www.law.cornell.edu/cfr/text/21/312.30#:~:text=Any%20significant%20change%20in%20the%20design%20of%20a%20protocol%20%28such%20as%20the%20addition%20or%20dropping%20of%20a%20control%20group%29
https://www.fda.gov/drugs/investigational-new-drug-ind-application/ind-application-reporting-protocol-amendments#:~:text=Sponsors%20are%20expected%20to%20submit%20protocol%20amendments%20for%20new%20protocols%20or%20changes%20to%20existing%20protocols%20before%20implementation
https://www.dmp.no/en/approval-of-medicines/clinical-trials/application-for-clinical-trials/substantial-modification#:~:text=Any%20change%20to%20any%20aspect%20of%20the%20clinical%20trial%20which%20is%20made%20after%20notification
https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:32014R0536#:~:text=modifications%20have%20a%20substantial%20impact%20on%20the%20safety%20or%20rights%20of%20the%20subjects
https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:32014R0536#:~:text=modifications%20have%20a%20substantial%20impact%20on%20the%20safety%20or%20rights%20of%20the%20subjects
https://pmc.ncbi.nlm.nih.gov/articles/PMC9811046/#:~:text=significant%20impact%20on%20the%20safety%20or%20physical%20or%20mental%20integrity%20of%20the%20clinical%20trial%20subjects
https://database.ich.org/sites/default/files/ICH_E6%28R3%29_Step4_FinalGuideline_2025_0106.pdf#:~:text=Trials%20with%20inadequate%20design%20and%2For%20poorly%20conducted%20trials%20may%20place%20participant%20safety%20at%20risk
https://database.ich.org/sites/default/files/ICH_E6%28R3%29_Step4_FinalGuideline_2025_0106.pdf#:~:text=Quality%20by%20design%20involves%20focusing%20on%20critical%20to%20quality%20factors%20of%20the%20trial
https://database.ich.org/sites/default/files/ICH_E6%28R3%29_Step4_FinalGuideline_2025_0106.pdf#:~:text=adaptability%20into%20the%20protocol...can%20reduce%20the%20number%20of%20deviations%20or%20in%20some%20instances%20the%20requirement%20for%20a%20protocol%20amendment
https://www.law.cornell.edu/cfr/text/21/312.30#:~:text=sponsor%20shall%20submit%20a%20protocol%20amendment%20describing%20any%20change%20in%20a%20Phase%201%20protocol%20that%20significantly%20affects%20the%20safety%20of%20subjects
https://www.fda.gov/drugs/investigational-new-drug-ind-application/ind-application-reporting-protocol-amendments#:~:text=Sponsors%20are%20expected%20to%20submit%20protocol%20amendments%20for%20new%20protocols%20or%20changes%20to%20existing%20protocols%20before%20implementation
https://www.dmp.no/en/approval-of-medicines/clinical-trials/application-for-clinical-trials/substantial-modification#:~:text=Any%20change%20to%20any%20aspect%20of%20the%20clinical%20trial%20which%20is%20made%20after%20notification
https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:32014R0536#:~:text=modifications%20have%20a%20substantial%20impact%20on%20the%20safety%20or%20rights%20of%20the%20subjects
https://pmc.ncbi.nlm.nih.gov/articles/PMC9811046/#:~:text=significant%20impact%20on%20the%20safety%20or%20physical%20or%20mental%20integrity%20of%20the%20clinical%20trial%20subjects
https://www.wcgclinical.com/insights/how-long-does-irb-approval-take/#:~:text=Full%20Board%20Review%204%20%E2%80%93%206%20weeks%205%20%E2%80%93%208%20business%20days
https://www.wcgclinical.com/insights/how-long-does-irb-approval-take/#:~:text=Full%20Board%20Review%204%20%E2%80%93%206%20weeks%205%20%E2%80%93%208%20business%20days
https://intuitionlabs.ai/?utm_source=pdf
https://intuitionlabs.ai/articles/clinical-trial-protocol-amendments-cost-data
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Why Protocols Get Amended: Root Causes and Avoidable Design Errors

The most consistent finding across every Tufts CSDD wave is that eligibility-criteria changes dominate the list of amendment causes. In the original
baseline study, "the top reason for amending a protocol was to modify study volunteer eligibility criteria," driven by study-strategy changes and
recruitment difficulty (Source: doi.org). The UK NHS "Amendments Assemble" review reached a parallel conclusion from an independent dataset:
among Getz et al.'s multinational commercial trials, "the most common amendment was a change to the trial population description," while in the
NHS's own 53-study sample, "addition of sites" was the single most common amendment type and "to achieve the trial's recruitment target" was the
most commonly cited reason (Source: pmc.ncbi.nim.nih.gov) (Source: pmc.nchi.nlm.nih.gov).

Encouragingly, the share of amendments judged strictly avoidable has fallen over time, though not because design has necessarily improved; rather,
the composition of causes has shifted toward external triggers. In the 2016 wave, "nearly half (45%) of these amendments were deemed 'avoidable™
(Source: pubmed.nchi.nim.nih.gov), while the original baseline study estimated a full third of all amendments could have been avoided with better
upfront design (Source: doi.org). By the 2022/2024 wave, "a much higher percentage of amendments, 77%, were deemed unavoidable, with
regulatory agency requests and changes to the study strategy" cited as the top drivers (Source: pubmed.ncbi.nlm.nih.gov), a finding independently

confirmed in the same study's preprint text, "a much higher percentage of amendments, 77%, were deemed unavoidable" (Source: doi.org), implying

the avoidable share has shrunk to roughly 23%, still a meaningful pool of amendments that better protocol design or feasibility review could plausibly
prevent.

Protocol complexity is a strong and repeatedly confirmed predictor of amendment risk. An older Tufts CSDD analysis found "less complex protocols,
those containing fewer procedures and eligibility criteria, averaged two amendments" while more complex protocols averaged 3.2 (Source:
appliedclinicaltrialsonline.com). A separate Tufts CSDD analysis of 187 protocols across 20 companies, conducted with Parexel and Boehringer

Ingelheim co-authors, found that "the number of countries and the number of sites were each positively correlated with amendment" frequency, along
with the number of internal reviews conducted prior to protocol finalization (Source: link.springer.com). This finding was independently validated at
much larger scale in 2024: a Nature Scientific Reports machine-learning study of more than 16,000 trials found that "a 10 percentage point increase in
Trial Complexity Score correlates with an increase of overall trial duration” of roughly one-third (Source: nature.com). Separately, an Emory University
doctoral dissertation analyzing 13,584 registered trials tied to 313 drugs found that the "number of protocol changes, especially changes in the primary
outcome, significantly affects" a drug's probability of trial success, tying amendment volume not just to cost and delay but to outcome risk itself
(Source: etd.library.emory.edu).

Analysis of Key Segments: Oncology, Complexity, and the Avoidability Gap

Amendment frequency is not evenly distributed across therapeutic areas or trial phases, and the segment-level data reveal where the burden
concentrates most heavily. Oncology trials stand out sharply. A dedicated Tufts CSDD sub-analysis found "oncology protocols had a significantly
higher prevalence (72.1% and 91.1%, respectively) and number (3.0 and 4.0, respectively) of protocol amendments" compared to non-oncology trials
(Source: doi.org). A related Tufts finding puts the magnitude in relative terms: "50 to 70% more substantial amendments were implemented in phase I
and IIl oncology trials compared to non-oncology" studies (Source: doi.org). In the broader 2022/2024 study population, "oncology protocols had a
higher prevalence and a higher mean number of amendments at 90% and 4.0 respectively" than the all-therapeutic-area average (Source:
researchsquare.com), reflecting oncology's characteristically complex, biomarker-driven eligibility criteria and the frequency with which emerging
efficacy or safety signals prompt dose or cohort adjustments mid-study.

By phase, Phase Il protocols carry the highest amendment burden by prevalence: 88.2% of Phase Il protocols in the 2022/2024 study had at least one
amendment, edging out Phase Il (82.2%), while Phase Il protocols carried the highest mean amendment count once amended (3.5 versus 3.3).
Phase | trials showed a comparatively lower 65.3% prevalence with a mean of 3.1 amendments, and Phase IV (post-marketing) trials showed both the
lowest prevalence (54.2%) and the lowest mean amendment count (2.4) (Source: researchsquare.com), consistent with post-marketing studies
typically operating under more settled, already-validated protocols and early-phase studies benefiting from smaller, more homogeneous patient
populations. This phase pattern aligns with the 2016 wave's finding that "Phase Il protocols have the highest incidence of substantial amendments
(77%)" among the phases studied (Source: globenewswire.com), a pattern researchers attribute to Phase Il's dual role of confirming dose selection
and refining the patient population that will carry forward into pivotal Phase Il testing, both frequent sources of eligibility-criteria and endpoint
revisions.

The avoidability gap—the difference between the 45% of amendments judged avoidable in 2016 and the roughly 23% implied avoidable by 2022—
deserves careful interpretation. The reported results do not establish how avoidable amendments are distributed by therapeutic area, phase, or trial
complexity. Feasibility review and Al-assisted protocol simulation may help address design-stage risks, but this dataset does not show that avoidable
amendments are concentrated in earlier-phase or less complex trials.

Page 5 of 12


https://doi.org/10.21203/rs.3.rs-3168679/v1#:~:text=top%20reason%20for%20amending%20a%20protocol%20was%20to%20modify%20study%20volunteer%20eligibility%20criteria
https://pmc.ncbi.nlm.nih.gov/articles/PMC9811046/#:~:text=most%20common%20reason%20for%20amendments%20was%20%27To%20achieve%20the%20trial%27s%20recruitment%20target%27
https://pmc.ncbi.nlm.nih.gov/articles/PMC9811046/#:~:text=most%20common%20amendment%20was%20a%20change%20to%20the%20trial%20population%20description
https://pubmed.ncbi.nlm.nih.gov/30227022/#:~:text=nearly%20half%20%2845%25%29%20of%20these%20amendments%20were%20deemed%20%22avoidable.%22
https://doi.org/10.21203/rs.3.rs-3168679/v1#:~:text=this%20study%20estimated%20that%20one-third%20of%20all%20protocol%20amendments%20could%20have%20been%20avoided
https://pubmed.ncbi.nlm.nih.gov/38438658/#:~:text=A%20much%20higher%20percentage%20of%20amendments-77%25-were%20deemed%20unavoidable%20with%20regulatory
https://doi.org/10.21203/rs.3.rs-3168679/v1#:~:text=A%20much%20higher%20percentage%20of%20amendments%E2%80%9477%25%E2%80%94were%20deemed%20unavoidable
https://www.appliedclinicaltrialsonline.com/view/protocol-amendments-costly-solution#:~:text=less%20complex%20protocols%E2%80%94those%20containing%20fewer%20procedures%20and%20eligibility%20criteria%E2%80%94averaged%20two%20amendments
https://link.springer.com/article/10.1007/s43441-021-00370-0#:~:text=The%20number%20of%20countries%20and%20the%20number%20of%20sites%20were%20each%20positively%20correlated%20with%20amendment
https://www.nature.com/articles/s41598-024-53211-z#:~:text=10%20percentage%20point%20increase%20in%20Trial%20Complexity%20Score%20correlates%20with%20an%20increase%20of%20overall%20trial%20duration
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https://doi.org/10.21203/rs.3.rs-3547749/v1#:~:text=oncology%20protocols%20had%20a%20significantly%20higher%20prevalence%20%2872.1%25%20and%2091.1%25%2C%20respectively%29%20and%20number%20%283.0%20and%204.0%2C%20respectively%29%20of%20protocol%20amendments
https://doi.org/10.21203/rs.3.rs-3547749/v1#:~:text=50%E2%80%9370%25%20more%20substantial%20amendments%20were%20implemented%20in%20phase%20II%20and%20III%20oncology%20trials%20compared%20to%20non-oncology
https://www.researchsquare.com/article/rs-3168679/latest.pdf
https://www.researchsquare.com/article/rs-3168679/latest.pdf
https://www.globenewswire.com/news-release/2016/01/14/1187511/0/en/Protocol-Amendments-Improve-Elements-of-Clinical-Trial-Feasibility-But-at-High-Economic-and-Cycle-Time-Cost-According-to-the-Tufts-Center-for-the-Study-of-Drug-Development.html#:~:text=Phase%20II%20protocols%20have%20the%20highest%20incidence%20of%20substantial%20amendments%20%2877%25%29
https://intuitionlabs.ai/?utm_source=pdf
https://intuitionlabs.ai/articles/clinical-trial-protocol-amendments-cost-data
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Data Analysis and Evidence: Cost, Delay, and Timeline Impact

Beyond frequency, the financial and schedule consequences of protocol amendments form the second pillar of the available evidence base. Table 3
consolidates the most recent, directly sourced cost and timeline figures.

Table 3: Cost and Timeline Impact of Protocol Amendments

METRIC FIGURE SOURCE YEAR CITATION

Median direct cost, Phase Il (Source: pubmed.nchi.nim.nih.gov (Source:

$141,000 2016 study i
amendment globenewswire.com
Median direct cost, Phase Il . .
$535,000 2016 study (Source: pubmed.ncbi.nlm.nih.gov
amendment
Industry-wide annual amendment . . )
spend $7 to $8 billion 2021 estimate (Source: pharmoutsourcing.com
Direct trial-conduct cost/day, Phase 2023/2024 white
$55,716 (Source: csdd.tufts.edu
1 paper
Direct trial-conduct cost/day, Phase 2023/2024 white
$23,737 (Source: csdd.tufts.edu
1l paper
Direct trial-conduct cost/day, Phase 2023/2024 white
$14,091 / $7,829 (Source: contractpharma.com
IV / Phase | paper
Lost-sales value per delay da ~$500,000 (journal) / Source: link.springer.com (Source:
P yaay (journal) 20032024 study L (

(revised) ~$800,000 (white paper) contractpharma.com

Old lost-sales estimate . 1993 OTA/BCG
$4 to $5 million/day

Source: csdd.tufts.edu
(superseded) estimate (

Time from amendment need to final 260 days average (median

2022/2024 study (Source: pubmed.ncbi.nim.nih.gov
approval 190)
Site protocol-version mismatch . .
) 215 days average 2022/2024 study (Source: pubmed.ncbi.nlm.nih.gov
duration
) i . 89 days (2.5x longer than
Time to first patient reconsented 2010) 2022/2024 study (Source: researchsquare.com
Added cycle time, amended vs. )
~3 months 2016 study (Source: globenewswire.com
non-amended protocol
Mid-study updates per trial .
4 + 4, ~30 days each 2021 study (Source: globenewswire.com

(planned + unplanned)

Table 3 illustrates a critical point about how "cost of delay" figures should be interpreted: they are not one number but at least three conceptually
distinct figures often conflated in casual usage. The direct cost to implement an amendment ($141,000/$535,000) is the administrative, regulatory,
and site-burden expense of processing the change itself. The direct daily cost to run a trial ($7,829 to $55,716 depending on phase) is what a
sponsor spends per calendar day regardless of amendments, the baseline "burn rate" that any delay multiplies. The lost-sales value of a delay day
($500,000 to $800,000) is an opportunity-cost figure representing forgone revenue from a later market launch, not a cash expenditure. Trade press
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https://pubmed.ncbi.nlm.nih.gov/30227022/#:~:text=median%20direct%20cost%20to%20implement%20a%20substantial%20amendment%20was%20US%24141%2C000%20for%20a%20phase%20II%20protocol
https://www.globenewswire.com/news-release/2016/01/14/1187511/0/en/Protocol-Amendments-Improve-Elements-of-Clinical-Trial-Feasibility-But-at-High-Economic-and-Cycle-Time-Cost-According-to-the-Tufts-Center-for-the-Study-of-Drug-Development.html#:~:text=total%20median%20direct%20cost%20to%20implement%20a%20substantial%20amendment%20for%20Phase%20II
https://pubmed.ncbi.nlm.nih.gov/30227022/#:~:text=%24535%2C000%20for%20a%20phase%20III%20protocol
https://www.pharmoutsourcing.com/Featured-Articles/584137-Doubling-Down-on-Protocol-Amendments-and-Deviations/#:~:text=pharmaceutical%20and%20biotechnology%20companies%20are%20spending%20%247%20-%20%248%20billion
https://csdd.tufts.edu/sites/default/files/2025-02/Aug2024%20Day%20of%20Delay%20White%20Paper%20Final.pdf?1744237947=#:~:text=Phase%20III%20clinical%20trials%20had%20the%20highest%20direct%20cost%20per%20day%20at%20%2455%2C716
https://csdd.tufts.edu/sites/default/files/2025-02/Aug2024%20Day%20of%20Delay%20White%20Paper%20Final.pdf?1744237947=#:~:text=Phase%20II%20clinical%20trials%20cost%20roughly%20half%20that%20amount%20at%20%2423%2C737%20per%20day
https://www.contractpharma.com/updates-on-the-value-of-a-day-of-delay-in-drug-development/#:~:text=Phase%20IV%20and%20phase%20I%20trials%20had%20the%20lowest%20daily%20cost%20at%20%2414%2C091%20and%20%247%2C829
https://link.springer.com/article/10.1007/s43441-024-00667-w#:~:text=single%20day%20equals%20approximately%20%24500%2C000%20in%20lost%20prescription%20drug%20or%20biologic%20sales
https://www.contractpharma.com/updates-on-the-value-of-a-day-of-delay-in-drug-development/#:~:text=single%20day%20of%20delay%20is%20worth%20approximately%20%24800%2C000%20in%20lost%20prescription
https://csdd.tufts.edu/sites/default/files/2025-02/Aug2024%20Day%20of%20Delay%20White%20Paper%20Final.pdf?1744237947=#:~:text=value%20of%20unrealized%20drug%20sales%20%E2%80%94%20at%20%244%20%E2%80%93%205%20million-per-delay-day
https://pubmed.ncbi.nlm.nih.gov/38438658/#:~:text=takes%20an%20average%20of%20260%20days
https://pubmed.ncbi.nlm.nih.gov/38438658/#:~:text=mean%20duration%20during%20which%20investigative
https://www.researchsquare.com/article/rs-3168679/latest.pdf#:~:text=duration%20from%20internal%20approval%20of%20an%20amendment%20to%20rst%20patient%20reconsented%20is%2089%20days
https://www.globenewswire.com/news-release/2016/01/14/1187511/0/en/Protocol-Amendments-Improve-Elements-of-Clinical-Trial-Feasibility-But-at-High-Economic-and-Cycle-Time-Cost-According-to-the-Tufts-Center-for-the-Study-of-Drug-Development.html#:~:text=take%20on%20average%20three%20months%20longer%2C%20compared%20to%20protocols%20without%20any%20amendments
https://www.globenewswire.com/news-release/2021/03/02/2185382/0/en/Planned-and-Unplanned-Mid-Study-Updates-Pose-Major-Challenge-to-Clinical-Trial-Timelines-According-to-Tufts-Center-for-the-Study-of-Drug-Development.html#:~:text=each%20clinical%20trial%20has%20four%20planned%20and%20four%20unplanned%20mid-study%20updates
https://intuitionlabs.ai/?utm_source=pdf
https://intuitionlabs.ai/articles/clinical-trial-protocol-amendments-cost-data
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and vendor marketing materials frequently blur these three into a single "cost of delay" headline number, which is one reason the corrected 2024 Tufts
CSDD white paper explicitly revisited and separated them. Every clinical trial, per the 2021 Tufts CSDD mid-study update analysis, now absorbs an
average of four planned and four unplanned updates over its lifecycle, each adding roughly 30 days regardless of whether the update rises to the level
of a formal substantial amendment (Source: globenewswire.com).

One frequently repeated figure deserves explicit scrutiny rather than silent inclusion: numerous industry blogs and infographic sites cite a claim that
trial delays "can cost a trial between $600,000" and $8 million per day, attributed generically to "a CenterWatch survey" (Source: visualcapitalist.com).

No identifiable original CenterWatch report, publication date, or methodology could be located behind this figure during this research; it appears only
in secondary and tertiary sources that cite one another rather than a traceable primary study. Given the source-verification standard applied
throughout this report, that figure is presented here only as a caveat: readers should treat the well-documented Tufts CSDD figures ($40,000/day
direct cost, $500,000 to $800,000/day lost-sales value) as the more defensible benchmarks, and should be skeptical of the widely circulated but
unsourced $600,000 to $8 million range wherever they encounter it.

Timeline impact compounds cost impact directly. With Phase Ill trials burning roughly $55,716 in direct costs per day, the study’s 260-day mean
interval from identifying the need for an amendment to final oversight approval underscores the potential schedule burden, even before accounting for
the amendment's own $535,000 median direct implementation cost or the opportunity cost of a delayed launch (Source: pubmed.ncbi.nlm.nih.gov).

Re-consent requirements add further site-level burden: WCG guidance specifies that a full re-consent process is required whenever an amendment
introduces "new significant safety risks or adverse events identified," decreased expected therapeutic benefit, or newly available alternative therapies,
as opposed to a streamlined notification for lower-risk changes (Source: wcgclinical.com). No public source quantifies the direct dollar cost of re-
consent visits specifically; this remains a gap in the published record even as the 89-day interval to first patient reconsented (per the 2022/2024 study)
confirms it is a material contributor to overall amendment-implementation time.

Case Studies and Real-World Examples

TransCelerate BioPharma's Common Protocol Template

TransCelerate BioPharma, an industry consortium of major pharmaceutical companies, developed a Common Protocol Template (CPT) designed to
standardize protocol structure and reduce rework across sponsor organizations. In a documented member-company implementation experience,
growing organizational maturity in CPT use drove a 20.8% average decrease in protocol development cycle time, from 48 days to 38 days, between

2019 and 2020 (Source: transceleratebiopharmainc.com). TransCelerate's own reporting states directly that "CPT has also reduced rework which has
resulted in fewer amendments" (Source: transceleratebiopharmainc.com). The initiative gained additional regulatory legitimacy in 2017, when the FDA
and the US National Institutes of Health (NIH) jointly released a common protocol template explicitly built "in alignment with TransCelerate's CPT,"

signaling coordinated movement between industry and regulators toward standardized, less error-prone protocol structures (Source:
clinicalleader.com).

Medidata Protocol Optimization: Al-Driven Trial Simulation

Medidata, a Dassault Systémes brand and one of the clinical trial industry's largest data platforms, launched Medidata Protocol Optimization at the
American Society of Clinical Oncology (ASCO) conference in May 2025. The product uses Al-driven predictive modeling and aggregated historical trial
data to simulate expected trial performance, patient burden, site performance, and cost before a study's first patient is enrolled, with Medidata's own
materials stating the tool "significantly decreases costly amendments and enroliment delays, leading to smoother" trial execution (Source: 3ds.com).
The underlying Al layer, branded "Dot," is trained on "validated data from 38,000 trials and 12 million patients" across Medidata's platform (Source:
medidata.com), a scale that positions the tool as one of the largest vendor efforts specifically aimed at the amendment-avoidance problem. As with all
vendor performance claims discussed in this report, these are Medidata's own marketing statements, not independently audited outcomes, and should
be read accordingly.

AbbVie and Unlearn.Al: Digital Twins in a Phase 2 Alzheimer's Trial

A peer-reviewed collaboration between the biopharmaceutical company AbbVie and the Al company Unlearn.Al applied Al-generated digital twins,
statistically simulated patient trajectories built from historical control-arm data, to a real Phase 2 Alzheimer's disease trial dataset. The methodology
reduced treatment-effect variance and, when modeled forward into a hypothetical Phase 3 scenario, showed a "potential savings of 280 patients and
nearly four months of recruitment time" without requiring any change to the underlying trial protocol (Source: unlearn.ai). The work was published as a
peer-reviewed article, "Using Al-generated digital twins to boost clinical trial efficiency in Alzheimer's disease," in the journal Alzheimer's & Dementia:
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Translational Research & Clinical Interventions in November 2025, co-authored by scientists from both AbbVie and Unlearn.Al (Source:
pme.ncbi.nlm.nih.gov). This case is notable for being one of the few Al-assisted amendment-mitigation approaches to appear in independently peer-
reviewed literature rather than solely in vendor marketing material.

IQVIA's Data-Informed Protocol Assessment

IQVIA, one of the largest global contract research and health-data analytics organizations, offers a consulting service called Data-Informed Protocol
Assessment, explicitly positioned to "reduce design risks and minimize avoidable amendments" through pre-finalization protocol review (Source:
igvia.com). IQVIA states the service has a "track record of positively impacting 95% of the awarded protocols" it has reviewed (Source: igvia.com), a

figure that, like Medidata's claims above, is a vendor-reported outcome rather than an independently audited statistic. IQVIA's materials also explicitly
connect novel trial architectures, including master protocols and adaptive designs, to reduced amendment risk, an approach the FDA has separately
reinforced through revised draft guidance on master protocols (reissued in June 2026, with a public comment period through August 2026), which
notes that "trials conducted under master protocols can share control arms, protocol elements, infrastructure, and oversight" across multiple sub-
studies rather than requiring separate, individually amendable protocols for each (Source: fda.gov).

The UK Health Research Authority's National Amendment Dataset

While the four cases above are vendor- or consortium-driven, the UK's Health Research Authority (HRA) offers a rare national-scale, non-commercial
operational dataset. As referenced earlier, the HRA processed 18,309 amendments across England and Wales in a single year, with 58% classified as
substantial under the same "significant impact on the safety or physical or mental integrity" test described in the regulatory taxonomy above, giving
regulators and researchers a full-population view of amendment volume rather than a voluntary industry sample (Source: pmc.ncbi.nlm.nih.gov). This
dataset, analyzed in the NHS "Amendments Assemble" study, is one of the few sources in this field not dependent on voluntary sponsor self-reporting,
the methodology underlying most Tufts CSDD figures, and its broad consistency with the Tufts CSDD prevalence figures (58% substantial nationally
versus 57% to 76% at the protocol level across Tufts waves) lends independent credibility to the overall magnitude of the amendment problem.

Implications and Future Directions

The data assembled in this report point to a clear structural conclusion: protocol amendments are not simply an administrative nuisance but a multi-
billion-dollar, multi-month drag on drug development that has intensified over the past decade even as the industry has invested heavily in digital trial
infrastructure. The rise in the reported mean number of amendments among protocols requiring amendments from 2.1 to 3.3, alongside a near-tripling
of amendment implementation time to 260 days, suggests that faster data systems alone have not solved the underlying design-quality problem; if
anything, growing trial complexity (more countries, more sites, more eligibility criteria, more endpoints) has outpaced efficiency gains elsewhere in the
trial lifecycle.

Two complementary strategies are emerging in response, and the evidence in this report suggests both matter. The first is regulatory and template
standardization, exemplified by TransCelerate's Common Protocol Template and reinforced by ICH E6(R3)'s formal endorsement of quality-by-
design principles and built-in protocol adaptability. The second is Al-assisted design-stage simulation, exemplified by Medidata's Protocol
Optimization platform, IQVIA's data-informed assessments, Saama's Al-powered protocol drafting tools (which the vendor states can "decrease errors
per draft by 20-40% and ensures greater accuracy in protocols" (Source: saama.com), Parexel's Al operating model (which the vendor states surfaces
predictive insights across the trial lifecycle explicitly aimed at "reducing protocol risk, study delays, and costly trial amendments" (Source:
parexel.com), and academic efforts such as the AMEND++ natural-language-processing benchmark developed by University of lllinois Urbana-
Champaign researchers with Medidata co-authors, explicitly designed to predict "more robust and cost-effective clinical trial design" by forecasting
which eligibility criteria are likely to require future amendment (Source: arxiv.org). Advarra, a major accredited institutional review board and research

services organization, has separately compiled an operational dataset of "more than 30,000 studies and nearly 70,000 unique amendments since
2019" specifically to identify predictable amendment drivers across therapeutic areas (Source: advarra.com), underscoring how much of the industry's
forward momentum on this problem now runs through large-scale historical-amendment data mining rather than through prospective design guidelines
alone, and reinforcing the same master-protocol direction the FDA itself has endorsed (Source: fda.gov).

For sponsors evaluating where to invest, PharPoint Research, a contract research organization offering upfront protocol feasibility and stress-testing
services, frames the calculus succinctly: "even just a single amendment can be a six-figure cost that pushes trial timelines back months," an argument
for treating protocol feasibility review as a cost-avoidance investment rather than an optional step (Source: pharpoint.com). Advisory firms working at
the intersection of Al and regulated life-sciences operations, a category that includes IntuitionLabs, note that the practical bottleneck for many
sponsors is less the absence of Al-driven design tools and more the integration burden of connecting protocol-development, regulatory-submission,
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and clinical-data-management systems so that design-stage risk signals actually reach protocol authors before a trial locks; IntuitionLabs describes its
own advisory work in these terms as providing "strategic guidance on digital transformation, Al adoption, and technology roadmapping" for
pharmaceutical and life-sciences organizations navigating this integration challenge (Source: intuitionlabs.ai). Looking forward, the convergence of
master-protocol regulatory pathways, standardized common templates, and Al-based amendment-risk prediction suggests the next multi-year Tufts
CSDD wave, whenever it publishes, will be the first genuine test of whether these combined interventions can reverse the fifteen-year upward trend in
amendment frequency and cycle time documented throughout this report.

Frequently Asked Questions (FAQSs)

How many protocol amendments occur per clinical trial, on average? Across the most recent peer-reviewed Tufts CSDD benchmark (950
protocols, 2018-2022 data), the mean is 3.3 amendments per protocol, up 60% from 2.1 in the prior study wave, and 76% of protocols now have at
least one amendment (Source: pubmed.ncbi.nlm.nih.gov) (Source: doi.org).

What is the average cost of a protocol amendment? The most recent directly reported figures, from the 2016 Tufts CSDD wave (more recent
waves could not collect reliable cost data), put the median direct implementation cost at $141,000 for Phase Il and $535,000 for Phase Il protocols
(Source: pubmed.ncbi.nim.nih.gov). Industry-wide, Tufts CSDD estimates total annual amendment-related spend at $7 to $8 billion (Source:

pharmoutsourcing.com).

How does a protocol amendment affect trial timelines? Amendment implementation now takes an average of 260 days from need identified to
final oversight approval, and protocols with at least one substantial amendment take roughly three months longer overall than protocols without
(Source: pubmed.ncbi.nim.nih.gov) (Source: globenewswire.com).

Why are clinical trial protocols amended most often? Eligibility-criteria and trial-population changes are the single most cited cause across
multiple independent studies, followed by regulatory agency feedback, study-strategy changes, and (in later-phase and site-heavy trials) recruitment
shortfalls requiring added sites (Source: doi.org) (Source: pmc.ncbi.nlm.nih.gov).

What is the difference between a substantial and non-substantial protocol amendment? A substantial amendment materially affects subject
safety, rights, or the scientific/data quality of the trial, and requires a full regulatory and ethics-board re-approval process comparable to the original
trial application; a non-substantial (or administrative) amendment involves clarifying or low-risk changes and can typically proceed via expedited
review, often within 5 to 8 business days versus 4 to 6 weeks for full board review (Source: wcgclinical.com).

What does a day of clinical trial delay actually cost? This depends on which cost is being measured. Direct daily trial-conduct cost ranges from
roughly $7,829 (Phase 1) to $55,716 (Phase Ill) (Source: csdd.tufts.edu); the separate opportunity-cost figure for lost prescription-drug sales from a
delayed launch is roughly $500,000 to $800,000 per day in the corrected 2024 Tufts CSDD estimate, down sharply from a long-cited but outdated $4-
5 million figure (Source: link.springer.com). A widely circulated $600,000-to-$8-million range attributed to "a CenterWatch survey" could not be traced
to a primary source and should be treated with skepticism (Source: visualcapitalist.com).

Can Al reduce protocol amendments? Emerging evidence suggests yes, though mostly through vendor-reported or single-study data rather than
large independently audited samples. Medidata's Protocol Optimization tool, IQVIA's Data-Informed Protocol Assessment, Saama's Al protocol
drafting tools, Parexel's Al operating model, and the peer-reviewed AbbVie/Unlearn.Al digital-twin study all report meaningful reductions in design risk,
errors, or required enroliment, and the FDA's own master-protocol guidance and ICH E6(R3)'s quality-by-design recommendations reinforce the
direction of travel toward more simulation and standardization before a protocol is locked (Source: medidata.com) (Source: igvia.com) (Source:

parexel.com) (Source: database.ich.org).

What do the Tufts CSDD statistics show, in summary? Across four benchmarking waves since 2010, amendment prevalence rose from roughly
57-60% to 76% of protocols. In the latest wave, protocols requiring amendments averaged 3.3 amendments, while the 2,188 amendments recorded
across all 950 protocols equate to approximately 2.3 amendments per protocol. The avoidable share fell from 45% to roughly 23%, and the interval
from internal amendment approval to the last required regulatory and/or ethics approval nearly tripled to 260 days, a consistent more-than-a-decade
trend of rising frequency and rising cycle time even as the avoidable share of the problem has shrunk (Source: pubmed.ncbi.nlm.nih.gov) (Source:

pubmed.ncbi.nlm.nih.gov) (Source: researchsquare.com) (Source: sage.cnpereading.com).

Conclusion

The evidence assembled across more than a decade of Tufts CSDD benchmarking, corroborating UK national data, and independent peer-reviewed
analysis converges on a consistent picture: clinical trial protocol amendments have grown more frequent and more time-consuming over the past
fifteen years, even as the industry has adopted increasingly sophisticated digital trial infrastructure. The evidence also documents high direct
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amendment costs, but the limited cost data in the latest benchmarking wave do not establish a longitudinal cost trend. Three-quarters of protocols now
require at least one amendment; among protocols requiring amendments, the reported mean is 3.3 amendments, while the whole-sample average is
approximately 2.3 amendments per protocol. The documented median direct cost ranges from the low-hundred-thousands to mid-hundred-thousands
of dollars depending on phase. In the most recent study, the mean interval from identifying the need for an amendment to final oversight approval
nearly tripled to roughly 260 days (Source: pubmed.nchi.nlm.nih.gov). Regulatory frameworks in the United States and European Union distinguish
material from lower-impact changes; the United Kingdom's framework, effective from 28 April 2026, instead categorises modifications as substantial

(Route A or Route B), modifications of an important detail, or minor. International guidance under ICH E6(R3) formally recommends quality-by-design
and protocol-adaptability practices that may help reduce avoidable amendments (Source: gov.uk).

The path forward described throughout this report, standardized templates, master-protocol regulatory pathways, feasibility-review services, and Al-
assisted design simulation, does not eliminate the need for amendments altogether; regulatory feedback and evolving scientific strategy will always
require some mid-study flexibility, and 77% of recent amendments were themselves judged unavoidable for exactly that reason. What the data support
is a narrower, more defensible claim: a meaningful and well-documented minority of amendments, concentrated in eligibility-criteria design, procedural
complexity, and multi-country/multi-site logistics, remain preventable with better upfront protocol design, and the tools to close that gap, from common
templates to Al-driven simulation to feasibility stress-testing, are now commercially and academically available in named, verifiable form. Sponsors,
CROs, and the advisory and technology firms that serve them will be judged over the next several years by how much of that preventable share they
actually close.

Tags: clinical trial protocol amendments, protocol amendment cost, protocol amendment frequency, tufts csdd, substantial amendment, clinical trial
delays, protocol design, clinical trial timelines, good clinical practice, clinical research regulatory compliance
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IntuitionLabs - Industry Leadership & Services

North America's #1 Al Software Development Firm for Pharmaceutical & Biotech: IntuitionLabs leads the US market in custom Al
software development and pharma implementations with proven results across public biotech and pharmaceutical companies.

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

Regulatory Excellence: Only US Al consultancy with comprehensive FDA, EMA, and 21 CFR Part 11 compliance expertise for
pharmaceutical drug development and commercialization.

Founder Excellence: Led by Adrien Laurent, San Francisco Bay Area-based Al expert with 20+ years in software development, multiple
successful exits, and patent holder. Recognized as one of the top Al experts in the USA.

Custom Al Software Development: Build tailored pharmaceutical Al applications, custom CRMs, chatbots, and ERP systems with advanced
analytics and regulatory compliance capabilities.

Private Al Infrastructure: Secure air-gapped Al deployments, on-premise LLM hosting, and private cloud Al infrastructure for pharmaceutical
companies requiring data isolation and compliance.

Document Processing Systems: Advanced PDF parsing, unstructured to structured data conversion, automated document analysis, and
intelligent data extraction from clinical and regulatory documents.

Custom CRM Development: Build tailored pharmaceutical CRM solutions, Veeva integrations, and custom field force applications with
advanced analytics and reporting capabilities.

Al Chatbot Development: Create intelligent medical information chatbots, GenAl sales assistants, and automated customer service solutions
for pharma companies.

Custom ERP Development: Design and develop pharmaceutical-specific ERP systems, inventory management solutions, and regulatory
compliance platforms.

Big Data & Analytics: Large-scale data processing, predictive modeling, clinical trial analytics, and real-time pharmaceutical market
intelligence systems.

Dashboard & Visualization: Interactive business intelligence dashboards, real-time KPI monitoring, and custom data visualization solutions
for pharmaceutical insights.

Leading Claude & ChatGPT Al Enablement and Training: Help biotech and pharmaceutical teams adopt Claude and ChatGPT through
practical training, governed workflows, use-case development, and implementation designed for regulated environments.

Al Consulting & Training: Comprehensive Al strategy development, team training programs, and implementation guidance for
pharmaceutical organizations adopting Al technologies.

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

The information contained in this document is provided for educational and informational purposes only. We make no representations or warranties of
any kind, express or implied, about the completeness, accuracy, reliability, suitability, or availability of the information contained herein.

Any reliance you place on such information is strictly at your own risk. In no event will IntuitionLabs.ai or its representatives be liable for any loss or
damage including without limitation, indirect or consequential loss or damage, or any loss or damage whatsoever arising from the use of information
presented in this document.

This document may contain content generated with the assistance of artificial intelligence technologies. Al-generated content may contain errors,
omissions, or inaccuracies. Readers are advised to independently verify any critical information before acting upon it.

All product names, logos, brands, trademarks, and registered trademarks mentioned in this document are the property of their respective owners. All
company, product, and service names used in this document are for identification purposes only. Use of these names, logos, trademarks, and brands
does not imply endorsement by the respective trademark holders.

IntuitionLabs.ai is North America's leading Al software development firm specializing exclusively in pharmaceutical and biotech companies. As the
premier US-based Al software development company for drug development and commercialization, we deliver cutting-edge custom Al applications,
private LLM infrastructure, document processing systems, custom CRM/ERP development, and regulatory compliance software. Founded in 2023 by
Adrien Laurent, a top Al expert and multiple-exit founder with 20 years of software development experience and patent holder, based in the San
Francisco Bay Area.

This document does not constitute professional or legal advice. For specific guidance related to your business needs, please consult with appropriate
qualified professionals.

© 2026 IntuitionLabs.ai. All rights reserved.
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