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Clinical development is entering a structural transition.
For decades, protocols have been written as documents.
With ICH M11, they become data.

This paper argues that ICH M11 is not a documentation standard; it is a structural inflection point that will
redefine how clinical trials are designed, executed, and automated. The CeSHarP guideline, adopted at
Step 4 on 19 November 2025 and coming into effect across the EU on 11 June 2026, establishes the first
internationally harmonized, machine-readable protocol standard in the history of drug development.
Drawing on more than two decades leading global clinical development programs and CRO operations,
and on our work with the NSF/Microsoft Azure AI Audit Acceleration initiative, this paper presents a
phased implementation framework that positions protocol standardization not as a compliance exercise,
but as the infrastructure layer for AI-enabled clinical development.
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1. Executive Summary

For decades, the clinical trial protocol has been the foundational document of drug development,
yet it has remained one of the least standardized artifacts in the regulatory ecosystem. Each
sponsor, each CRO, and often each therapeutic team within the same organization, has developed
protocols using proprietary templates that vary in structure, terminology, and depth. The
consequences have been measured not in abstractions but in dollars and delays: protocol
amendments now affect 76% of Phase I through IV trials, up from 57% in 2015, with each substantial
amendment costing between $141,000 and $535,000 in direct expenses alone.1,2

The implication is clear: protocol variability is no longer an operational inconvenience; it is a
systemic inefficiency that constrains innovation, delays patient access to therapies, and erodes the
competitive position of organizations that fail to address it.

The ICH M11 Clinical Electronic Structured Harmonised Protocol (CeSHarP), adopted at Step 4 by the
ICH Assembly on 19 November 2025, directly addresses this fragmentation.3 It establishes, for the
first time, an internationally harmonized template for clinical trial protocols, supported by a
machine-readable technical specification that enables electronic exchange of protocol data across
regulatory systems worldwide. The European Medicines Agency (EMA) has adopted the guideline at
Step 5 with a coming-into-effect date of 11 June 2026.4

Across more than two decades leading global clinical development programs and CRO operations, I
have observed firsthand how protocol variability cascades into downstream inefficiencies that
affect every stakeholder: from the site coordinator navigating inconsistent visit schedules to the
biostatistician reconciling disparate endpoint definitions. The pattern is consistent and predictable,
which means it is solvable. ICH M11 is not merely a formatting exercise. When implemented alongside
emerging AI capabilities and aligned with ICH E6(R3) quality-by-design principles, it becomes the
infrastructure layer upon which the next generation of clinical development will be built.
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2. The Protocol Problem: Why Standardization Matters
Now

The clinical trial protocol is simultaneously the most important and most inconsistently constructed
document in pharmaceutical development. It governs patient safety, defines the scientific
hypothesis, and serves as the contractual basis for regulatory review. Yet the industry has operated
without a harmonized standard for its format or content since the inception of the ICH process in
1990.

The Scale of the Amendment Problem

Data from the Tufts Center for the Study of Drug Development (CSDD) illustrate the operational toll
of this inconsistency. In their most recent analysis:1,2

Metric Finding

Protocols with at least one amendment 76% of Phase I through IV trials (up from 57% in 2015)

Mean amendments per protocol 3.3 (60% increase from 2.1)

Amendments deemed avoidable 23% of all amendments

Cost per substantial amendment (Phase II) $141,000 median direct cost

Cost per substantial amendment (Phase III) $535,000 median direct cost

Amendment implementation timeline 260 days average from initiation to final approval

Dual-version site operation 215 days average with sites on different protocol versions

Table 1. Protocol Amendment Landscape (Tufts CSDD; Precision for Medicine)

These figures represent direct costs only. When accounting for site re-training, re-consent
procedures, IRB/EC resubmissions, EDC revalidation, and timeline extensions, the true cost of a
single avoidable amendment in a global Phase III program can exceed $1 million. In oncology, where
90% of trials require at least one amendment, the cumulative burden is particularly severe.2

Root Causes: Beyond Carelessness

The amendment problem is not primarily a failure of diligence. It is a structural consequence of an
ecosystem where each protocol is authored from scratch, often by teams working from inconsistent
internal templates, without standardized data fields for objectives, estimands, eligibility criteria, or
visit schedules. When the same information is expressed differently across protocols, errors of
omission and ambiguity become inevitable. The ICH M11 Expert Working Group identified this
explicitly: variability in format and core content among sponsors contributes to inefficiencies and
difficulties in searching, reviewing, and assessing protocols.3
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3. Understanding ICH M11: Scope, Structure, and
Timeline

ICH M11 is a tripartite deliverable comprising a Guideline, a Protocol Template, and a Technical
Specification. Together, these three documents establish the first internationally harmonized
standard for the format, content, and electronic exchange of clinical trial protocols.

In essence, M11 transforms protocols from narrative documents into structured, interoperable
data assets, designed to be read by machines as fluently as by humans.

Regulatory Timeline

Date Milestone

27 September 2022 Step 2: Endorsed by ICH Assembly; released for first public consultation

26 February 2023 First public consultation period closed

3 February 2025 Updated Step 2 draft of Technical Specification released for second
consultation

6 June 2025 FDA publishes revised draft Technical Specification and updated Template for
comment

19 November 2025 Step 4: Final Guideline and Template adopted by ICH Assembly

11 December 2025 Step 5 (EMA): CHMP final adoption of Guideline and Technical Specification

11 June 2026 Coming into effect (EMA); implementation begins across ICH regions

Table 2. ICH M11 Regulatory Development Timeline

Scope of Application

ICH M11 applies to interventional clinical trials of medicinal products across all phases and
therapeutic areas. This includes human pharmacology, exploratory, confirmatory, and post-approval
studies. The term "medicinal product" encompasses pharmaceuticals, biologics, vaccines,
drug-device combination products developed as drugs, and, where applicable, cell and gene
therapy products.3 The breadth of this scope is intentional: M11 is designed to be the universal
protocol standard, not a niche framework limited to specific development stages or product types.
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4. The Three Pillars of M11

M11 is not a single document; it is a three-layer architecture: a Guideline that defines the
principles, a Template that standardizes the structure, and a Technical Specification that enables
machine-readable exchange.

Pillar 1: The Guideline
The M11 Guideline establishes the design principles and rationale underpinning the Template and
Technical Specification. It articulates why protocol standardization matters, defines the stakeholder
ecosystem (sponsors, investigators, site staff, IRBs/ECs, regulators, and trial participants), and sets
forth the principle that information should be conveyed consistently and in the same location
across protocols. The Guideline is explicit that M11 does not provide instruction on developing a
well-designed trial, nor does it characterize a well-crafted final protocol. Rather, it establishes
common instructions for placement of content.3

Pillar 2: The Protocol Template
The Template is the operational heart of M11. It provides a standardized table of contents with
defined heading levels (H1 and H2 are fixed; H3 and below are flexible), common instructional text,
required and optional sections, and structured data fields for key protocol elements. Sections
include the Title Page and identifiers, Protocol Synopsis, Introduction (background, benefit-risk
summary), Trial Objectives and Estimands (aligned with ICH E9(R1)), Trial Design, Study Population,
Trial Interventions, Assessments and Procedures, Statistical Considerations, and Administrative
sections.5

A critical design principle is that the Template places the most vital information for site execution at
the front of the document: the Synopsis, followed by the Schedule of Activities, then the eligibility
criteria. This investigator-centric ordering reflects input from site staff who have long noted that
essential operational information is often buried in protocols.3

Pillar 3: The Technical Specification
The Technical Specification is what transforms M11 from a formatting exercise into a digital
infrastructure standard. It defines the structured content components (specific data fields and
blocks of text-based content), their conformance requirements (required, recommended, optional,
or conditional), cardinality rules, data types, NCI C-code assignments, and ICH Object Identifiers
(OIDs).6 Each protocol element is mapped to a controlled terminology maintained jointly by ICH and
CDISC under a formal governance agreement.

The Technical Specification is the bridge between the human-readable protocol and the
machine-readable data exchange layer. It enables what TransCelerate has termed Digital Data
Flow (DDF): the automated, standards-based transmission of protocol information to downstream
systems, including EDC platforms, CTMS, eCOA, and regulatory submission portals.
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5. Convergence with ICH E6(R3) and Quality by Design

ICH M11 does not exist in isolation. Its adoption coincides with the finalization of ICH E6(R3), the
modernized Good Clinical Practice guideline adopted at Step 4 on 6 January 2025.7 The
convergence of these two guidelines is architecturally significant.

M11 operationalizes E6(R3). Without a structured, standardized protocol format, quality-by-design
remains a conceptual aspiration rather than an auditable, enforceable framework.

ICH E6(R3) introduces a risk-proportionate, quality-by-design (QbD) framework that requires
sponsors to identify critical-to-quality (CtQ) factors at the design stage, implement risk-based
quality management throughout the trial lifecycle, and demonstrate proportionality in monitoring
and oversight.7 M11's structured protocol template provides the mechanism to operationalize these
requirements. When objectives, estimands, endpoints, and risk-mitigation strategies are captured in
standardized, machine-readable fields, the quality-by-design framework becomes auditable,
traceable, and amenable to automated compliance checking.

For CROs managing multi-sponsor portfolios, this convergence means that protocol quality is no
longer subjective. An M11-compliant protocol with properly defined estimands (per ICH E9(R1)) and
risk-proportionate design elements (per E6(R3)) becomes a measurable standard that can be
evaluated programmatically. This is a paradigm shift from the current state, where protocol quality
assessments rely on manual review by experienced medical writers and clinical operations staff.

E6(R3) Requirement M11 Implementation Mechanism

Quality by Design: Identify CtQ factors at
design stage

Structured objectives, estimands, and risk fields in Template
Sections 2 and 3

Risk-based quality management Benefit-risk summary with standardized risk/mitigation fields
(Section 2.2)

Proportionate monitoring and oversight Machine-readable SoA and assessment schedules enable
automated monitoring plans

Sponsor and investigator responsibilities Defined fields for delegation, training, and oversight roles

Technology-enabled trial conduct Technical Specification enables digital data exchange with
EDC, CTMS, and eCOA systems

Table 3. ICH E6(R3) and M11 Convergence Points
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6. AI-Enabled Protocol Design: From Standardization to
Automation

M11 is the first regulatory standard that makes AI-native clinical development feasible at scale.
Without it, AI tools operate on noise. With it, they operate on architecture.

ICH M11's most transformative potential lies not in what it standardizes today, but in what it enables
tomorrow. A harmonized, machine-readable protocol format is the prerequisite for meaningful AI
integration across the clinical development lifecycle. Without standardized inputs, AI models
operate on inconsistent, noisy data, producing pattern recognition without structural context. With
M11, the protocol becomes a structured data object that AI systems can parse, validate, compare,
and optimize. The implications extend beyond efficiency: M11 makes it possible to build AI systems
that reason about clinical trial design, not merely process text.

Protocol Authoring and Validation
Large language models trained on historical protocol corpora are already demonstrating the ability
to draft eligibility criteria, generate informed consent language, and pre-populate statistical analysis
plans.8 M11 amplifies these capabilities by providing a consistent schema. When every protocol
follows the same structural template with defined data fields for objectives, estimands, and
endpoints, AI systems can:

•  Identify inconsistencies between stated objectives and the corresponding estimand definitions

•  Flag eligibility criteria that are overly restrictive relative to historical enrollment data for the
same indication

•  Validate that the Schedule of Activities aligns with endpoint assessment windows

•  Detect potential conflicts between intervention descriptions and safety monitoring
requirements

•  Generate amendment impact assessments by comparing protocol versions at the field level

Digital Data Flow and Downstream Automation
TransCelerate's Digital Data Flow (DDF) initiative, in collaboration with CDISC, has developed the
Unified Study Definitions Model (USDM) as the logical framework for translating M11-compliant
protocols into machine-readable formats.9 The USDM maps structured and unstructured protocol
content into a standardized data model that supports automated configuration of downstream
systems, including EDC study builds, eCOA instrument setup, CTMS site activation workflows, IRT
randomization configuration, and clinical trial registry submissions.10

For CROs managing dozens of concurrent studies, the efficiency implications are profound. A single
M11-compliant digital protocol can, in principle, auto-populate the study build in an EDC system,
generate the monitoring plan skeleton, pre-configure the randomization schedule, and produce the
regulatory submission package, all from one structured source document. This is not speculative:
organizations implementing DDF report significant reductions in trial start-up timelines.9
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7. The NSF/Microsoft Azure AI Audit Acceleration

The question facing CROs and sponsors is not whether AI will transform protocol management; it is
whether their infrastructure is ready when it does. At Amarex, we have been working to answer that
question through the NSF/Microsoft Azure AI Audit Acceleration initiative, a case study in what
becomes possible when protocol standardization meets enterprise AI.

The initiative leverages Microsoft Azure's cloud AI infrastructure to accelerate the audit and quality
review of clinical trial documentation, including protocols, amendments, and associated regulatory
filings. The system applies natural language processing and machine learning models to identify
inconsistencies, flag compliance gaps, and generate structured audit findings across large
document corpora. It is not a theoretical exercise; it is an operational capability built on the same
structural principles that ICH M11 now codifies for the industry.

Convergence with ICH M11

ICH M11 provides the standardized substrate that makes AI-driven audit acceleration scalable.
Consider the current state: when protocols vary in structure, terminology, and section placement, an
AI model must first learn to parse each protocol's idiosyncratic format before it can analyze the
content. This parsing step introduces error and limits generalizability. With M11-compliant protocols,
the structural parsing is eliminated. The AI system knows exactly where to find objectives,
estimands, eligibility criteria, the Schedule of Activities, and risk mitigation strategies, because these
elements occupy defined positions with standardized data fields.

This convergence enables three capabilities that are impractical without protocol standardization:

Capability Description

Cross-protocol learning AI models trained on M11-compliant protocols can generalize across
therapeutic areas and sponsors, because the input schema is consistent.

Real-time compliance
checking

Automated validation of protocol content against ICH E6(R3) requirements,
regulatory precedent, and internal quality standards during the authoring
process, not after.

Predictive amendment
analysis

By analyzing patterns across standardized protocol fields, AI systems can
identify design elements statistically associated with downstream
amendments, enabling proactive mitigation before finalization.

Table 4. AI Capabilities Enabled by Protocol Standardization

The operational implication is that protocol quality review, which currently requires weeks of manual
effort by senior medical writers and regulatory strategists, can be augmented by AI systems that
perform a first-pass analysis in minutes. Human expertise remains essential for scientific judgment,
risk-benefit assessment, and strategic decision-making. But the mechanical work of checking
consistency, completeness, and regulatory alignment is precisely the kind of task where AI delivers
immediate, measurable value.
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8. A Phased Implementation Framework

What follows is not a theoretical framework. It is a phased implementation model drawn from direct
experience and the operational realities of CRO-sponsor collaboration. It recognizes that M11
adoption is not a single-event compliance exercise but an organizational transformation that must
be staged to manage risk and build capability incrementally.

Phase 1: Foundation (Q2 2026 through Q4 2026)

•  Gap Analysis:
Map existing internal protocol templates against the M11 Template. Identify structural
deviations, missing data fields, and terminology inconsistencies.

•  Training Program:
Develop cross-functional training for medical writing, clinical operations, regulatory affairs,
biostatistics, and data management teams. Training should cover not just the Template format,
but the underlying design principles and the E6(R3) quality-by-design alignment.

•  Technology Assessment:
Evaluate current protocol authoring tools (e.g., document management systems, clinical trial
management systems) for M11 compatibility. Determine whether existing platforms can
accommodate structured data fields or require replacement.

•  Pilot Implementation:
Select two to three new studies across different therapeutic areas and phases for pilot M11
adoption. Use these pilots to identify pain points and refine internal SOPs before
organization-wide rollout.

Phase 2: Integration (Q1 2027 through Q3 2027)

•  Full Template Adoption:
Transition all new protocols to the M11 format. Establish internal governance for template
version control, including a change management process aligned with ICH’s anticipated
template revision schedule.

•  Digital Data Flow Integration:
Begin connecting M11-compliant protocols to downstream systems via CDISC USDM APIs.
Prioritize EDC study build auto-population as the first integration point, as it yields the highest
immediate ROI.

•  AI-Assisted Authoring:
Implement AI tools for protocol drafting and validation. Start with low-risk applications:
consistency checking, eligibility criteria benchmarking against historical data, and Schedule of
Activities validation.
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•  Regulatory Engagement:
Proactively engage with FDA, EMA, and other regional authorities to understand their specific
implementation expectations and timelines, which may vary by jurisdiction.

Phase 3: Optimization (Q4 2027 and Beyond)

•  End-to-End Automation:
Achieve automated protocol-to-system configuration for EDC, CTMS, eCOA, IRT, and
regulatory submissions. A single M11-compliant digital protocol drives the entire downstream
operational setup.

•  Predictive Analytics:
Deploy AI models that analyze protocol design patterns and predict amendment risk,
enrollment feasibility, and site performance based on structured protocol data.

•  Cross-Sponsor Benchmarking:
Leverage the standardized protocol format to enable de-identified, cross-sponsor analyses of
protocol design trends, amendment patterns, and operational efficiency metrics.

•  Continuous Improvement:
Establish a feedback loop where insights from AI analysis and operational data inform iterative
improvements to protocol templates and authoring practices.
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9. Operational Impact Across the Clinical Trial Lifecycle

ICH M11's impact is not confined to the medical writing department. Protocol standardization affects
every function that touches the protocol, which is every function in clinical development.

Function Current State M11-Enabled State

Medical Writing Authors from diverse internal templates;
significant rework during review cycles

Standardized template reduces drafting
time; AI assists with content validation and
consistency

Regulatory Affairs Manual protocol review against regional
requirements; inconsistent
cross-referencing

Machine-readable fields enable automated
compliance checks; standardized format
accelerates agency review

Clinical Operations Manual study build; site training varies
by protocol format

Auto-populated EDC/CTMS builds from
digital protocol; consistent site training
materials

Biostatistics Endpoint and estimand definitions
extracted manually from narrative text

Structured estimand fields directly feed SAP
generation and SDTM/ADaM mapping

Data Management CRF design based on manual protocol
interpretation

CRF auto-generated from structured
protocol fields via USDM/Biomedical
Concepts

Pharmacovigilance Safety reporting requirements
scattered across protocol sections

Centralized, structured safety fields enable
automated signal management configuration

Site Operations Investigators navigate inconsistent
protocols across sponsors

Uniform structure means information is
always in the same location; reduced training
burden

Table 5. Functional Impact of ICH M11 Implementation
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10. Challenges and Risk Mitigation
Implementation of ICH M11 is not without challenges. Organizations that underestimate the scope of
change risk creating compliance artifacts without capturing the operational value that
standardization can deliver.

Organizational Resistance
Protocol authoring is deeply embedded in organizational culture. Medical writers, clinical scientists,
and regulatory professionals have developed workflows around existing templates over years or
decades. The transition to M11 requires not just new templates but new habits. Mitigation requires
visible executive sponsorship, cross-functional pilot programs that demonstrate tangible benefits,
and a training investment that goes beyond template mechanics to explain the strategic rationale.

Technology Infrastructure Gaps
Many organizations rely on document management systems designed for unstructured Word or PDF
protocols. M11's Technical Specification demands structured, machine-readable data exchange, a
fundamentally different capability. Organizations must assess whether their existing technology
stack can support M11 natively or requires modernization. The investment in M11-compatible
technology should be evaluated against the downstream savings from automated study builds,
reduced amendment rates, and faster regulatory review.

Regional Implementation Variability
While the ICH Guideline and Template have been adopted at Step 4, regional implementation
timelines and requirements will vary. The EMA has set a coming-into-effect date of 11 June 2026.4

The FDA has published the revised draft Technical Specification and Template for comment but has
not yet announced a mandatory implementation date.11 Japan, China, and other ICH member regions
will follow their own adoption timelines. For global sponsors and CROs operating across multiple
jurisdictions, this variability requires a flexible implementation strategy that meets the most
demanding regional requirement while maintaining a single global protocol standard.

Cybersecurity and Data Integrity
The shift to electronic exchange of structured protocol data introduces new data integrity and
cybersecurity considerations. Protocol data flowing between sponsor systems, CRO platforms,
regulatory portals, and site-level systems must be protected against unauthorized modification,
interception, and loss. Organizations should incorporate M11 data exchange into their existing
cybersecurity and data governance frameworks, with particular attention to audit trails, access
controls, and encryption standards.

These challenges are real, but none of them are reasons to wait. Every one of them is easier to
address from a position of early preparation than from a posture of reactive compliance.
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11. Recommendations

Drawing on two decades of clinical development experience, I offer the following recommendations
for organizations preparing to implement ICH M11:

Act Before Mandates Force Reaction
The EMA's June 2026 effective date is three months away. Organizations that wait for mandatory
enforcement will find themselves retrofitting compliance rather than building capability. Begin gap
assessments and pilot programs today.

Invest in the Specification, Not Just the Template
The Template is the visible deliverable, but the Technical Specification is where the long-term value
resides. Organizations that implement only the Template format without building structured data
exchange capabilities will miss the automation and AI integration benefits that represent M11's true
return on investment.

Treat M11 and E6(R3) as One Transformation
These guidelines are complementary by design. Organizations should integrate M11 protocol
standardization with E6(R3) quality management system implementation, treating them as a single
transformation program rather than parallel compliance projects.

Train the Entire Organization, Not Just Medical Writing
M11 is not a medical writing initiative. It affects regulatory affairs, clinical operations, biostatistics,
data management, pharmacovigilance, and site operations. Training must reach all functions that
author, review, implement, or consume protocol information.

Build for AI Now, Not After the Fact
Protocol standardization is the precondition for meaningful AI integration in clinical development.
Organizations that implement M11 with AI readiness in mind, ensuring structured data fields are
consistently populated and validated, will be positioned to deploy AI-assisted protocol authoring,
compliance checking, and predictive analytics as these technologies mature.

Bring Investigators to the Table Early
The M11 Template was designed with investigators and site staff as primary users. Involve site-level
stakeholders in implementation planning to ensure that the standardized format improves, rather
than complicates, their workflow.

Govern for Evolution, Not Just Adoption
M11 is a versioned standard that will be revised over time. Organizations need internal governance
processes for tracking ICH updates, evaluating their impact, and incorporating changes into internal
SOPs and technology configurations.
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12. Conclusion

A harmonized protocol template has been a goal for decades. With ICH M11, it is no longer
aspirational; it is operational. M11 represents the most consequential standardization effort in clinical
trial protocol design since the inception of the ICH process. Its significance extends far beyond
formatting: by establishing a machine-readable, internationally harmonized protocol standard, M11
creates the foundation for a digitally integrated clinical development ecosystem.

Having led the design, conduct, and oversight of clinical trials across oncology, infectious diseases,
CNS disorders, wound care, dermatology, and cardiovascular research, I can state with confidence
that protocol variability is among the most persistent and costly structural inefficiencies in our
industry. It affects enrollment timelines, data quality, regulatory review efficiency, and ultimately the
speed at which patients access innovative therapies.

ICH M11, implemented in concert with ICH E6(R3) and augmented by AI capabilities such as those we
are building through the NSF/Microsoft Azure AI Audit Acceleration initiative, offers a credible path
to resolving these challenges. It will not eliminate the need for scientific judgment, clinical expertise,
or regulatory acumen. But it will remove the mechanical friction that has constrained clinical
development for decades, and it will do so at the level of infrastructure, not aspiration.

The protocol is no longer a document. It is infrastructure. And infrastructure determines who
leads.

Kush Dhody, M.D., M.S.
President, Amarex Clinical Research, LLC (An NSF Company)
Physician-Scientist | Clinical Development Executive | Regulatory Strategy Advisor
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