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Abstract

This review article provides a comprehensive overview of lean authoring in the pharmaceutical industry based on the
experience of medical writing leaders, emphasizing its importance for efficiently creating clinical study reports (CSRs)
and other clinical documents. Lean authoring is defined as an approach focused on delivering unambiguous, clear, con-
cise, and objective content that meets regulatory reviewer expectations. This will better ensure accessibility, eliminating
unnecessary details, and tailoring content to meet the following needs of regulatory reviewers during what is essentially
a non-linear review process: a) fast navigation to decision-critical information, b) a clear, logical trail from study design
to analyses to results, ¢) low cognitive burden, and d) fewer review questions resulting from ambiguous language and
inconsistency. The benefits of lean authoring include improved readability and reusability of content, enhanced efficiency
and cost-effectiveness in document preparation, and more efficient regulatory reviews. These benefits have been observed
across many industries. And yet, challenges in implementing lean authoring methods, including resistance to change,
are common. To help companies counter resistance to change, this article outlines the benefits of lean authoring and a
step-by-step approach to adopting lean authoring methods, understanding regulatory reviewers’ needs, and developing a
robust change management plan. Healthcare agency regulatory reviewers have stated their preference for clear and concise
information. Our goal is to influence the pharmaceutical industry to adopt lean authoring to achieve this. By optimizing the
authoring process, we aim to increase the efficiency of the process, improve the quality of CSRs, and reduce the burden
of regulatory reviews.

Keywords Lean authoring - Clinical study reports (CSRs) - Regulatory documents - Clinical documents - Automation -
Digital transformation

Introduction
Lean Authoring

Lean authoring is an approach to content creation that
emphasizes clarity, brevity, and logical flow to effectively
communicate key messages [1-3]. In the pharmaceutical
industry, various factors enhance this practice, including
using International Council for Harmonisation (ICH) guid-
ance and lean templates, integrating new solutions, like
artificial intelligence (AI), and meeting the expectations
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of healthcare regulatory agencies, audiences, and previous
applicable regulatory feedback.

Lean documents enable regulatory reviewers to quickly
and easily access relevant information and avoid informa-
tion fatigue [4]. In today’s tech-enabled environment, regu-
lators don’t need repetitive content. Eliminating repetitive
content and focusing on key messages enables reviewers to
think critically about data without being overwhelmed by it
[5]. As aresult, lean authoring facilitates efficient and effec-
tive healthcare regulatory agency review of clinical docu-
ments [6].
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Business Problem

One of the primary challenges encountered in clinical docu-
ment authoring is tailoring content to the audience: regulatory
reviewers. If project teams don’t have a sufficient understand-
ing of their audience, applicable regulations, and the docu-
ment’s purpose, they might author clinical documents to serve
off-target purposes.

Additionally, entrenched academic cultures within clinical
development organizations exacerbate natural resistance to
change. Such a culture may also have concerns that lean docu-
ments don’t include enough information to satisfy regulatory
reviewers’ needs. In at least one company, despite efforts to
trim unnecessary bulk using an optimized CSR template, CSRs
containing over 10,000 pages remained the norm.

To counter these challenges, using CSRs as an example of
clinical documentation, this article provides practical guidance
on how to implement lean authoring, solutions to overcome
challenges to implementation, and regulators’ perspectives on
the benefits of lean content.

Methods

Regulatory medical writing leaders from 8 pharmaceutical
companies collaborated to share experiences and practices on
adopting lean authoring. We reviewed industry expert knowl-
edge, information publicly available in government websites,
journal articles, and professional service vendors’ websites,
and created definitions of lean authoring and step-by-step rec-
ommendations for its adoption.

Lean Authoring Principles

The artist, Hans Hofmann, anticipated the lean authoring con-
cept when he stated that simplicity “eliminates the unneces-
sary so that the necessary may speak [7].” He meant that less is
more and that simplicity aids in understanding better than com-
plexity. Simplicity is a design choice that reduces interference
with the reader’s purpose of engaging with documentation.
Minimalist technical communication treats documentation as
a means of supporting action, providing only the information
necessary to enable the reader’s understanding [8, 9].

Lean authoring methods follow three high-level princi-
ples: clarity, conciseness, and targeting content to the pri-
mary audience. Combined, these principles result in content
that is easier for the intended reader to navigate and inter-
pret. They eliminate “noise” so that the text can focus on
decision-critical information and evidence.

Figure 1 details how these principles apply to CSRs.
Lean CSRs do not mean less scientific rigor. CSRs are
meant to report what was observed in a single clinical trial
without introducing speculation. As described by ICH, the
best way to report clinical trial data is typically in tables and
figures. Therefore, a lean CSR must critically evaluate the
text’s purpose.

Writing Principles and Practices Involved in Lean
Authoring

Lean authoring methods involve several writing prin-
ciples and practices. Although the methods in Table 1 are
described in the context of CSR generation, many can be
broadly applied to clinical document development.

i

- | . Useplain, unambiguous
(40) language that is easy to
CD understand

. L source
* Present information in the

format that best represents
the data (text, tables or
figures)

Concise M

« Create clear, well-defined
messages

* Ensure takeaway messages
stand out

« Avoid redundant narratives
that restate tables and
figures and drift from the

* Cross-reference upstream
documents and data tables
or figures

* Remove unnecessary
information, verbosity,
ambiguous language, and
inconsistency

 Use descriptive titles to
orient readers

* Be concise without omitting
essential information

.

» Ensure CSRtext meets the
reviewer’s needs to navigate,
follow logic, and use content
with ease

» Use CSRtext to report high-
level trial observations that
allow the reviewer to quickly
grasp key takeaways, per ICH

* Reserve program-level
comparisons and claims
statements for Module 2
documents, per ICH

« Avoid introducing speculation
in CSRs, which is subjective
and difficult for reviewers to
trace

Audience-targeted

Fig. 1 The three principles of lean authoring are clarity, conciseness, and targeting the primary audience. The three principles of lean authoring are
each defined. The definitions describe how lean authoring eliminates “noise” in CSRs so that key information stands out.
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Table 1 Lean authoring principles and practices applied to clinical
study reports

Principles and
practices
Tools/vehicles

Description

Use templates - Templates enable consistency and efficiency.
- TransCelerate protocol and CSR templates
effectively complement lean authoring.
Tables and figures aid comprehension by
communicating complex information in an

accessible, logical, and orderly format.

Use visual aids as
the primary way to
convey results
Mechanics

Use consistent
mechanics and

To help readers predict and understand con-
tent faster, follow

structure - Grammatical conventions
- Standardized formatting and sentence con-
struction, and
- Structured authoring rules.

Methods

Reduce noise - “Create once, use often,” or reference
content manually or with digital tools in
downstream documents [19].

- Reduce duplicate reporting and results-
driven discussions that are not in scope for
the CSR per ICH.

- Cross-reference to the protocol and statisti-
cal analysis plan (SAP) rather than repeating
information in the CSR.

Principles
Write to the target - Understand the target audience, their knowl-
audience edge level, and their objectives.

- Prioritize the needs of the target audience
over the needs of other audiences, such as
internal stakeholders.

- Use text to highlight key messages from the
data that are not readily apparent in the tables
and figures.

- Ensure each sentence has a unique purpose.
Change management

Focus text on key
messages

Engage in continu-
ous shared learning

- Peer-review documents to ensure they
adhere to lean principles.

- Study how others in the industry implement
lean authoring methods and tools.

- Create training and continuing education
programs to ensure employees remain consis-
tent with the change.

Shifting Mindsets to Implement Lean Authoring

Authoring teams must shift their mindsets to effectively
implement lean authoring methods. This section focuses on
key cultural shifts to overcome natural resistance to change
and increase the chances of successful adoption.

From Mere Compliance to Delivering Efficiencies

Adhering to regulations is critically important, but regula-
tory guidelines often lack prescriptiveness. Change leaders

in the industry are shifting their focus toward creating effi-
ciencies for reviewers while still adhering to regulations.

Engaging authoring teams in strategic content planning
before creating the first draft reduces rework, prevents
duplication and copy-paste drift, and improves alignment
on the content approach. Create a topic list with them and
define supporting analyses and key conclusions. Educate the
authoring team on how writers will adhere to lean authoring
principles.

During authoring, assess the usefulness of each con-
tent element by questioning whether it helps the reviewer
understand and verify the information. Also, assess whether
the content is presented in the most appropriate format and
location within the broader context of the Electronic Com-
mon Technical Document (eCTD). Writing consistently at
this level requires strategic content planning.

From Author-Centric to Reader-Centric

Authoring team members who are not trained in techni-
cal writing may attempt to impose their personal style on
CSR writing. An author-centric approach does not support
the regulatory reviewer’s task nor the CSR’s purpose. Writ-
ers trained in lean authoring should explain the difference
between author-centric and reader-centric content, and how
the latter helps reviewers evaluate trial data more efficiently.
Writers should also explain their expectations of the cross-
functional stakeholders on the authoring team. Cross-func-
tional stakeholders contribute their expertise while writers
transform this knowledge into lean content that meets the
audience’s needs [6].

From “More is Better” to “Less is More”

The European Commission has stated that “a clear docu-
ment will be more effective, and more easily and quickly
understood” [2].

Therefore, abandon the belief that large, verbose docu-
ments equate to quality [6]. Focus on delivering essential
information concisely and clearly. Recognize that docu-
ments are not meant to be exhaustive or to contain all infor-
mation, but that documents exist in a broader context. Each
document should have a clear purpose and scope within the
broader clinical document ecosystem.

From Subjective to Objective

ICH E3 guidelines indicate that CSRs convey a factual
summarization of study data. Objective, factual content
is transparent and impartial, guarding the CSR from bias
and preserving the trial’s scientific integrity [10]. Subjec-
tive descriptions do not belong in clinical documents at all.
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Interpretation and comparisons to other aspects of a clinical
program or trials belong in module 2 documents instead of
CSRs.

From Resisting Change to Embracing Continuous
Improvement

Adopt new, efficient authoring methods while challenging
traditional practices. Guidelines spanning over 50 years
indicate that a wide range of sectors, including aerospace
and defense, have found lean authoring principles to be
more effective than traditional writing practices [11-13].
By adopting lean authoring, the pharmaceutical industry
is starting to see benefits that other industries have long
known.

Applying Lean Authoring Methods to
Clinical Study Reports

Table 2 demonstrates the techniques and tools used at the
authors’ companies to create leaner, objective, ICH-driven
CSRs. As slightly different approaches to these methods
exist, we’ve collated experiences from our companies into
individual steps that others can follow.

The first steps towards applying lean authoring methods
happen at an organizational level, before writing a CSR. In
an ideal state, a medical writing organization would begin
its content transformation from traditional to lean author-
ing by identifying its primary audience, mapping its content
ecosystem, and generating rules for reuse and de novo con-
tent generation.

Identifying the Primary Audience

The spectrum of potential audiences within the clinical
document landscape is diverse and requires tailored com-
munication strategies. The primary audience of CSRs is reg-
ulatory agency reviewers who are responsible for ensuring
regulatory compliance and reviewing data supporting the
conduct of the clinical trial and the results (Supplemental
Table 1). These reviewers use CSRs as technical resources
and are likely to review them by topic and not from front
to back [5, 14]. Authoring teams must remember that this
audience differs from internal audiences or those at medical
journals.

As part of the audience analysis, consider how regulatory
reviewers at the FDA and EMA differ. FDA review com-
mittees contain cross-functional experts who rely on their
own re-analysis of data. EMA rapporteurs from a diverse
range of backgrounds are responsible for creating assess-
ment reports, which collate information across the submis-
sion package for EMA’s scientific committees to review [5,
14]. Rapporteurs and EMA reviewers rely on predictably
organized, clear, and concise documents to facilitate their
ability to find and include key information in their assess-
ment reports.

ICH-Driven Document Ecosystem Content Mapping

To realize a fit-for-purpose CSR and avoid introducing
unnecessary elements, companies should map the broader
ICH guidelines that impact documents reporting efficacy
and safety results, namely ICH E3, E9, M4E, E2C, and
CIOMS III and V. Content maps and their associated rules

Table 2 Initiatives to support objective, lean, I[CH-driven clinical study reports

ICH content eco- Content reuse Cross-refer, don’t TransCelerate- Structured Automa-
system mapping' repeat protocol driven templates authoring? tion in
authoring®
GSK In progress In progress v In progress In progress
Lilly In progress In progress In progress v v In progress
Merck v In progress v 4 In progress
Novartis In progress In progress In progress In progress In progress
Novo Nordisk v v v v/ v 4
Pfizer v v v v v In progress
Roche v In progress In progress v v e
Sanofi v v v v v In progress

The data in this table reflects current practice at the authors’ companies as of the date of this publication

Abbreviations: ICH, International Council for Harmonisation; Lilly, Eli Lilly and Company

ICH content ecosystem mapping refers to the additional step of mapping ICH E3 guidelines in the context of the rest of the eCTD and ICH

modules

2Structured authoring at the authors’ companies includes writing rules and component authoring systems. Some companies also leverage

TransCelerate’s component content libraries

3Automation encompasses some or all of the following: natural language generation, natural language processing, large language models,
retrieval-augmented generation, customized coding solutions, software agents, and Amazon Web Services

*Available for select clinical study reports
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standardize the content ecosystem, ensuring that cross-func-
tional authoring teams place decision-critical information
where regulatory reviewers expect to find it. If content is
not in-scope for the CSR, the content map and rules guide
authoring teams to place it elsewhere. For example, if an
authoring team wants to include in the CSR body individual
patient vignettes in addition to patient narratives per ICH
E3, they are directed to the guidance for the Summary of
Clinical Safety in ICH M4E. Teams wanting to add critical
commentary about the interpretation of the study results are
directed to the ICH M4E Module 2.5, Clinical Overview.
Teams wanting to draw conclusions between laboratory
value changes and adverse effects are directed to conduct-
ing core safety analyses for the company core data sheet
according to ICH E2C (R2) and CIOMS III and V using
aggregated data across studies.

Once content is mapped and content rules generated,
additional steps to prepare for lean authoring, include

e Defining what content to reuse versus reference to pre-
vent duplication drift

e Identifying the appropriate statistical outputs to include
in the report, and

e ensuring that the CSR template instructions direct users
to follow lean authoring principles.

Prepare Upstream Projects with the Downstream
Goal in Mind

The next step towards producing a lean CSR should be
taken at the time of writing the protocol and SAP.

Ensure Content is Reusable

When preparing the protocol and SAP, keep the regula-
tory reviewers and internal governance readers, as well as
downstream reuse, in mind. Protocols and SAPs should use
objective, plain, and unambiguous language, well-defined
messages, and be concise without omitting essential infor-
mation. Several companies, including Lilly and Pfizer,
use the slogan “say it once, say it well” to educate cross-
functional teams on how to envision upstream document
development. Writing content well once reduces the need
to repeatedly re-engineer content about the same subject,
saving time and effort in generating and reviewing clinical
documents.

Cross-Reference to the Protocol and Statistical Analysis Plan
Reusing the protocol objectives and endpoints of a clini-

cal study in the CSR Synopsis and Study Objectives, End-
points, and Estimands sections is useful to frame the CSR

methods for reviewers. Repetition beyond those anchor
locations risks encouraging copy-paste drift and does not
improve regulatory reviewer understanding or verification.
For example, descriptions of dose adjustments and censor-
ing rules can be cross-referenced to the protocol instead of
being repeated in the CSR.

Evidence that regulators favor cross-references to the
protocol rather than detailed methods repeated in the CSR
was in the December 2010 version of the FDA Manual of
Policies and Procedures for Good Review Practice, which
had stated that

Reviewers are expected to use the study/clinical trial
protocol for discussions on study/clinical trial design
and planned efficacy analyses [i.e. methods] and not
the final report itself, because documentation of the
study/clinical trial design and the statistical analysis
plan within the final report are occasionally incom-
plete or inaccurate.

Streamline the List of Analyses that Support the CSR

The number of objectives, endpoints, and predefined sta-
tistical analyses also have downstream implications for the
CSR. Presenting only decision-critical data for verifying
primary and secondary endpoint conclusions and key safety
characterization, per ICH E3 and E9, helps keep the volume
of data presented in the CSR manageable, yet sufficient.

For example, analytics, statistics, and writing experts
within Lilly, Merck, and Sanofi identified an optimal core
set of statistical outputs to include in CSRs that provide
agencies with what they need for primary and secondary
endpoints and standard safety topics. Additional data are
available upon request.

Adopt the TransCelerate Protocol and CSR Templates

The ICH E3 guidelines released in 1995 intended to “assist
sponsors in the development of a report that is complete,
free from ambiguity, well organized, and easy to review.”
However, they were not intended to be adhered to as a strict
template [15]. In more recent years, global agencies, includ-
ing the FDA, have sought to dispel this interpretation and
have encouraged leaner construction, such as through the
ICH E3 (R1) Q&A document. Despite this, evidence sug-
gests that sponsors still use ICH E3 as a verbatim template.

In 2015, the cross-pharma consortium TransCelerate
BioPharma Inc. harmonized the interpretation of the ICH
guidelines. TransCelerate consists of a consortium of phar-
maceutical industry peers that partners and consults with
representatives from the FDA, EMA, PMDA, and other
global healthcare regulatory agencies. The TransCelerate
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template suite streamlines the creation of protocols and
CSRs by providing a leaner, standardized format that aligns
with ICH E3 guidelines. These templates are highly encour-
aged by healthcare regulatory agencies, including the EMA
and FDA.

The TransCelerate CSR template emphasizes the need for
unique purposes for communication elements. For example,
rather than providing a table, figure, and text to describe a
result, authoring teams should choose which approach best
communicates the study’s findings and simply state in the
report body text whether clinically significant changes were
observed. This is consistent with ICH E3 (R1).

Furthermore, the TransCelerate template encourages
authoring teams to display data in orderly rows and col-
umns rather than in text. Finally, it suggests that sponsors
cross-reference the protocol for more granular details about
the study design and analytical methods rather than retyping
them in the CSR.

The TransCelerate template is most effective when com-
bined with additional rules to guide the content and structure.
The process to generate these rules is described under the
ICH content mapping and structured authoring subtopics.
Accompanying rules can exist as a standalone content guide
or be merged into the template itself. Merck, Novo Nordisk,
Pfizer, and Roche found merging to be most effective.

Adopt Structured Authoring Methods

While lean authoring ensures CSR content meets the needs
of regulatory reviewers by being unambiguous, clear, con-
cise, and objective, structured authoring provides a writing
standard with rules to support reuse and automation.

Structured authoring rules follow cognitive principles
that ensure each piece of content is focused on a single topic,
each topic begins with a meaningful title, and writers gen-
erate topics using consistent terms and sentence structures.
These conventions reduce cognitive effort by presenting
information in predictable patterns and visually separated
sections, which supports efficient reading and compre-
hension [16, 17]. These rules complement lean authoring
by ensuring regulatory reviewers can scan documents and
quickly find what they need.

While structured authoring supports HTML- and XML-
based information architecture, the writing rules are platform
agnostic and can be adopted without involving technology.
If companies are not ready for digital architecture, the rules
can be used in ordinary word processing software. Vendors
are readily available to support companies that wish to adopt
structured authoring regardless of the platform.

Lilly based its version of structured authoring meth-
ods on Professor Robert E. Horn’s information mapping
research [18], the US federal government’s Plain Language
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Act 0of 2010, the US federal guidelines of clear and focused
writing [17], and the European Commission’s publication
titled “How to write clearly” [2].

To avoid redundancy, tables, figures, and text are assigned
unique functions to support the reviewer’s task. Tables and
figures display data, while text provides commentary and
conclusions that are not readily found in visual data displays
(Fig. 2).

Bottom line: Text must have a unique function to be pres-
ent in the report.

Structured Authoring Paired with Component
Authoring Systems

In structured authoring, writers organize content into pre-
defined, topic-focused components. Organizing content into
small, topic-focused components with unique purposes means
they can be easily managed, updated, and reused in different
documents and in different contexts [19]. Examples of small,
topic-focused protocol components that can be reused in the
CSR include objectives, endpoints, and methods. An example
of'areusable CSR component is a standard reference statement
like “Section [insert reference] contains additional details on
this topic.”

When structured authoring is implemented using XML-
or HTML-based standards, such as the Darwin Information
Typing Architecture, content is not only organized for human
readers but is also explicitly encoded with machine-readable
structure and metadata. In these environments, content units,
including topics, paragraphs, lists, tables, or data elements, are
uniquely identified and tagged according to their information
type, role, and context. This enables component authoring sys-
tems to store, retrieve, and reuse discrete content [16—19].

Beyond identifying content components, structured
authoring also improves the semantic organization of text.
Sentence-level structure, controlled terminology, and con-
sistent information typing make the functional role of con-
tent more explicit. This semantic clarity reduces ambiguity
for both human reviewers and downstream systems, and it
enables more precise indexing, search, and reuse of content
components.

Structured and Lean Authoring Provide a
Foundation for Artificial Intelligence

Lean authoring and structured authoring not only provide
many benefits to reviewers, as discussed. They also help Al
to automate CSRs.

Subsets of machine learning-based Al, including natural
language generation (NLG), natural language processing,
and generative Al (GenAl), use deterministic or probabi-
listic models to understand human language and generate
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a

The most frequent TEAEs (any grade) observed in the generamab
plus drugapil arm were nausea (73.4%), fatigue (68.8%),
musculoskeletal pain (64.1%), neutropenia (59.4%), mucositis
(53.1%), and alopecia (51.6%). The most common TEAEs
observed in the drugapil arm were fatigue (69.2%), nausea
(52.3%), alopecia (40.0%), neutropenia (38.5%), anemia (36.9%),
mucositis (35.4%), and constipation (32.3%).

Although the rate of neutropenia, including Grade 4 neutropenia,
was higher among patients receiving generamab plus drugapil than
among those receiving drugapil alone (Grade 4: 35.9% vs. 26.2%,
respectively, inspection of the data revealed no clinically
meaningful differences in febrile neutropenia or infection (any
grade: 12.5% vs. 13.8% or infections (system organ class [SOC],
any grade: 42.2% vs. 41.5 %.

Fig. 2 Comparison of unstructured (a) and structured (b) content in
clinical study reports. Figure a displays an example of unstructured
content. Figure b displays an example of structured content. The tables
in Figure. b show ordered lists of adverse events for generamab plus

content. Earlier NLG systems relied primarily on deter-
ministic or rule-based approaches to transform structured
content into predefined, human-like text. GenAl systems
use probabilistic models trained on large corpora of text or
curated information to create new content based on learned
patterns.

Using GenAl to create clear and concise documents
involves training Al models on content that adheres to lean
authoring principles. Starting with a lean CSR can make the
process of automation easier, as it sets a standard for high-
quality content. In essence, Al is only as good as what it is
trained on.

Al models trained with structured content, that is well-
labeled and semantically-defined, can achieve comparable
or improved performance with substantially less training
data than models trained on larger volumes of unstructured
content [20].

On the other hand, poorly structured and verbose text
makes relevant information harder for Al systems to iden-
tify and isolate.

Novo Nordisk is one of the first pharmaceutical compa-
nies to automate CSRs. Prior to doing so, Novo Nordisk
adopted a lean and structured CSR template that aligned
with the TransCelerate template. In the new template, data-
dependent sections relied primarily on references to the
TFLs except for specific results sections that provided con-
clusions from the data. Novo Nordisk enabled CSR automa-
tion by creating a digital tool that couples a pre-defined and

b

Frequent treatment emergent adverse events
The most frequently reported treatment emergent adverse events

for generamab plus drugapil were
nausea (73.4%)

fatigue (68.8%)

musculoskeletal pain (64.1%)

for drugapil were
1. fatigue (69.2%)
2. nausea (52.3%)
3. alopecia (40.0%)
neutropenia (59.4%) 4. neutropenia (38.5%)
5
6
7

mucositis (53.1%), and . anemia (36.9%)
alopecia (51.6%). . mucositis (35.4%), and
. constipation (32.3%).

O G B W N =

Neutropenia rates

Patients receiving generamab plus drugapil experienced
neutropenia more often than patients receiving drugapil alone.
Inspection of the data revealed no clinically meaningful differences
in febrile neutropenia or infection.

Event Generamab plus drugapil | Drugapil
Grade 4 neutropenia 35.9% 26.2%
Febrile neutropenia 12.5% 13.8%
Infections 42.2% 41.5%

drugapil and drugapil alone. The tables better organize the data than
the text could and provide additional value to the reader by displaying
the events in descending frequency.

pre-approved text library, protocol information, selected
stakeholder input, and actual study results. The text library
was developed by analyzing historical CSRs.

It should come as no surprise that not only are phar-
maceutical companies adopting Al, but healthcare regula-
tory agencies are, as well. The FDA recently announced
an agency-wide rollout of GenAl to assist in the scientific
review process [21, 22]. Similarly, the EMA is exploring
using Al, stating that “Al has the potential to transform the
[EMA’s] core work of evaluating human and veterinary
medicines for authorisation and monitoring their safety [23,
24].” In other words, if companies embrace the steps we’ve
outlined to prepare for Al-driven clinical document devel-
opment, they will also be better prepared for machines to
review their scientific discourse.

Benefits of Lean Authoring

Figure 3 outlines the benefits of lean authoring for industry,
technology and processes, and regulators.

Time savings and efficiency resulting from implementing
lean authoring vary. Gains depend on

the scope of the change

the templates and digital tools used
stakeholder acceptance of the changes
the business process, and
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e the training methods.
Benefits realized by the authors’ companies include

e Significant reductions in document length (approxi-
mately 50% at Merck [1])

e Faster or less complicated internal reviews
Fewer resources consumed to create CSRs
Shorter duration of writing effort for registrational CSRs
(an average of 5.25 weeks from availability of data to
CSR approval), and

e [ess time from availability of data to CSR approval for
registrational CSRs (reductions up to 25% at Novartis,
50% at Pfizer, and 90% at Novo Nordisk).

Novo Nordisk’s CSR automation using a lean template
requires approximately 35 h of authoring effort per CSR from
database lock to CSR approval. Additionally, by centralizing
the CSR authoring process to a team of 4 writers who automate
all the company’s CSRs, Novo Nordisk significantly improved

efficiency, freeing 37 other writers to permanently prioritize
other business needs.

Challenges to Implementing Lean Authoring
and Solutions

Even though the benefits of lean authoring are clear, its
implementation comes with challenges that can hinder suc-
cessful adoption. Understanding and addressing these chal-
lenges is crucial for organizations aiming to implement or
enhance lean authoring practices.

Figure 4 identifies common challenges to lean authoring
adoption that the authors’ organizations have faced, along-
side proposed solutions. Note that the solutions may map to
more than one challenge.

Improve Templates and Guidance

Using templates, such as TransCelerate’s, and content
guides that support lean writing principles can streamline

Benefits for industry

Benefits for technology and
processes

Benefits for regulators

Clear communication

Clear and concise information
* improvesreadability, and

* reduces misinterpretation by
regulators.

Time and cost-effectiveness

Eliminating unnecessary details

* enables authors to better
distribute their energy

* savesvaluable time for
writers, readers, and quality
reviewers

* enables moreefficient
internal review, and

* reducescosts.
Increased productivity

Lean writing maximizes
productivity by

* streamlining the document
development process, and

* enables staff to move across
teams without having to
relearn business processes.

Digital tools

Lean authoring principles

* enhance reusability

* ensure consistency

* aid transition to automation

* prepare contentfor machine-
learning and component
authoring systems, and

* make it easier to teach writing
patterns to promptengineers.

GenAl and lean templates
streamline the writing process,
making document development
easier to manage.

Reduced errors
Lean authoring results in

* fewerrewrites and
typographical errors, and

* reduced quality review
burden.

Industry collaboration and best
practices

If industry collaborates to unify
its lean approach, this can
become the common practice
and encourage a single content
standard.

Improved compliance

Lean practices improve
management and organization of
medical documents, fostering
compliance with regulations.

Regulators have stated that
greater compliance simplifies
their review and improves trust.

Synergy with agency review
practices

Agencies emf)loy digital review
processes, electronic links and
multiple screens.

Agency reviewers have stated
that lean and structured content

* enables them to find content
faster, and

* enhances comprehension.
Increased efficiency

Streamlined documents make
reviews easier for regulators.

Fig. 3 Benefits of lean authoring. The benefits of following lean authoring principles for industry, technology and processes, and regulators are

each described. The benefits are further categorized.
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the writing process. The TransCelerate template, widely
used by the industry, allows for leaner text but may be open
to interpretation. Clear and consistent template or proce-
dural guidance on essential information, coupled with thor-
ough planning and standardized terminology, can mitigate
this pitfall.

Mapping the CSR template or content guide with ICH
guidelines in Modules 2 and 5 and creating content rules
will clarify where content belongs in the eCTD, if not in
the CSR. Collaborating with a consultant who was formerly
an agency reviewer can also help map the content to meet
regulators’ expectations. These actions will make it easier to
address concerns from cross-functional stakeholders. Novo
Nordisk’s lean authoring journey started with thorough con-
tent mapping. This foundation, along with positive feedback
from ex-agency reviewers, is the robust justification from
which Novo Nordisk drove change acceptance.

Exchanging experiences among companies using the
TransCelerate template can boost its potential. Furthermore,
promoting collaboration and sharing recommended prac-
tices across companies can help align lean authoring with
regulatory standards. This collaboration could lead to the
acceptance of the lean CSR as an industry standard.

Gain Familiarity with Reviewer Expectations

Clinical authoring teams must weigh the relative risk of
including too much data versus too little.

Excessive data can confuse regulators and lead to more
reviewer questions. Comparatively, lean CSRs include
fewer data points or textual remarks to validate and do not
include interpretive content that exceeds the scope of the
CSR per ICH. Structured authoring further reduces reviewer
burden by drawing on established principles of information
organization to reduce extraneous processing demands dur-
ing review [16]. Confusing, overly complicated Module 2
clinical documents that do not adequately explain the key
findings may also result in additional question-and-answer
cycles, document resubmission, or regulatory requirements
post-approval.

For example, Lilly received feedback from FDA review-
ers indicating that overly long clinical documents were
often skipped or led to confusion. In some cases, this led
to delayed or missed opportunities for approval. Industry
consultations with current and ex-FDA reviewers have con-
firmed this practice as being more widespread [6].

Because of the importance of understanding the regula-
tor’s perspective on lean authoring, this topic is explored
more in the next section.

Develop Robust Change Management Systems and
Educate Stakeholders on Their Target Audience

Strong change management programs and communication
plans are essential to shift internal stakeholder mindsets
toward adopting lean authoring.

A robust change management plan is crucial. In 2020,
Lilly adopted the TransCelerate CSR template into their
quality system, transitioning from a 14-section to an 8-sec-
tion report. Despite being part of the TransCelerate initia-
tive, reports over 10,000 pages continued.

Key steps in the change management process that could
have been improved were

e Socializing the change across functions to share the vi-
sion and purpose
Engaging employees by explaining benefits
Anticipating shifts by listening to concerns, and

e Reinforcing the change through ongoing education.

Similarly, Sanofi introduced the TransCelerate CSR tem-
plate in 2018 to limit CSR size, but issues persisted due to
overreporting efficacy and safety information to “ease regu-
lator review.” To address this, Sanofi is in the process of
preparing a change communication plan with a dedicated
change management team to educate writers and stakehold-
ers about regulatory reviewer practices and expectations.
They plan to lead a multi-platform communication and edu-
cation strategy, including surveys, newsletters, webinars,
shared learning forums, and video testimonials highlighting
success stories.

Consistent with Lilly, Sanofi’s example underscores the
importance of

e Anticipating concerns
Developing robust educational materials, and
Imparting knowledge of why the benefits of change out-
weigh the risks.

Roche understood that socialization is important to overcome
discomfort with change and took a feed-forward and step-wise
approach to introducing lean authoring, prioritizing writer
training and stakeholder alignment. Writers were trained on
influential leadership, the new methods, and expectations of
their role. Stakeholders were engaged through awareness ses-
sions and senior leadership mandates. An ongoing learning
forum was created to refine the process.

People are usually resistant to being told, first, what
others want them to do. A successful approach to tailoring
change messages to cross-functional stakeholders is instead,
first, understanding their concerns and motivations and,
next, adapting the message about the change as a solution.
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Challenges to adoption

ﬂadequate templates or lack of guidance on Ie:h

authoring

Templates or content guides may not
» support lean principles

» provide instructions on how content flows and is
layered from protocols to CSRs to Module 2

Solutions

ﬁprove templates and guidance \

Businesses can

« partner with content strategists

* map the content ecosystem for protocols to CSR
to Module 2 per ICH and other regulatory
guidelines

+ include agency feedback, industry
shared learning, or recommended practices.

Lack of clear or standard guidance on essential vs
superfluous information, per ICH and other regulatory
Qidelines, can lead toinconsistent content.

ﬁnfamiliarity with agency review practices \

Authors may believe that

* repetition in documents “eases reviewer
burden,” and

« agencies need evidence of every analysis.

Fear of norrcompliance due to

v

» generate writing rules that determine the most
appropriate location and depth of information

» review the federal plain language guidelines or
EMA’sHow to write clearly

« find lean published study reports on EMA’s or
Health Canada’s websites, and

* adopt the TransCelerateCSR template with
K instructions to reinforce lean writing. /

Gain familiarity with reviewer expectations \

Businesses can better understand agency reviewers’
expectations by

» understanding the clinical document ecosystem,
which is informed by guidelines beyond ICH E3

* engaging in industry shared learning, and

~

* not providing enough information, and

» varying regulatory requirements across global
agencies.

Fear of provoking additional agency questions.

Fears culminate in overreliance on “the way we've

always done things” or the “kitchen-sink” approach
and lead to unnecessary content.

mnadequate change management \

There may be insufficient resources or time to
« account for impact to current processes

+ consulting with former agency reviewers.

CSRs are technical manuals, not meant to be read
cover-to-cover.

Enable reviewers to scan CSRs efficiently by
organizing content

* into titled, single-topic units, and
k using consistent terminology and structure. /
Aevelop robust change management systems \

A robust change management system enables faster
adoption.

Build a business case for leadership to support the
change and allocate resources.

« consult external resources
« adopt new tools, templates, or writing techniques
« effectively influence resistance, and

K employ institutional training. j

Writing style and lack of guidance on lean authoring

Academic writing style preferences can overcomplicate
- study reports.

Misunderstanding the concept of "lean" as brevity,
risks losing important details.

Fig. 4 Challenges and solutions to implementing lean authoring. The
challenges to adoption of lean authoring are shown alongside solutions
to overcome these challenges. Challenges and solutions are further
categorized, but solutions may apply to more than one challenge. For
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Identify and prepare change leaders to

» educate stakeholders on lean principles and their
value to regulators.

» have difficult conversations and

K influence through resistance. /

Guidance on lean authoring

Stakeholders may need guidance on lean authoring.

See references to guidance on lean authoring in Table 3.

example, challenges due to inadequate change management practices
are countered by tips to bolster change management and change lead-
ers, but will also be impacted by improving templates, targeting the
primary audience and developing robust education for stakeholders.
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Influential leaders can bring others along and make them
feel that they are part owners of the change, and the change
is a solution to their unique problem.

Leading change, then, requires a willingness and profi-
ciency to adapt to difficult conversations. Change leaders
must be able to explain the changes’ alignment to ICH and
regional guidelines, as well as any available agency feed-
back or competitive intelligence. Change leaders must
understand the analyses with enough technical and scientific
proficiency to challenge authoring teams to think critically
about the evidence they want to provide in CSRs. This may
mean hiring change leaders with a combination of technical,
scientific, and influential leadership proficiencies.

To leverage the digital authoring tool to generate CSRs,
Novo Nordisk created a new, dedicated role within the writ-
ing function. Writers in this new role are content writers who
are both highly skilled in managing projects, stakeholders,
and change management processes, and who possess techni-
cal skills to use the digital tool, manage the digital content
library, and educate stakeholders on ICH-driven content
mapping rules. Establishing the new role and CSR-focused
team cultivated the level of expertise needed to drive adop-
tion of the digital tool, enabling Novo Nordisk to streamline
the CSR process quickly and efficiently.

Through training and experience, writers often have greater
institutional and individual knowledge of the required content
of regulatory documents than other stakeholders. Because writ-
ers lead clinical document development, they have a greater
responsibility to guide teams on process and content. Writers
must be capable of implementing key talking points and may
become change leaders. However, this does not obviate the
need to partner with experienced change leaders, allies within
key functions, and senior leaders who can influence cross-
functional partners at every level in the organization.

Regulator Reactions to Lean (or Not-So-
Lean) Authoring

Central to the implementation of lean authoring is answer-
ing the question of whether leaner documents will impact
regulatory review.

Although global regulators have stated that verbose and
repetitive documents delay reviews [6], consistent evidence
suggests that agency reviewers favor lean and structured
CSRes.

Balanced content in CSRs is crucial, yet no clear guide-
lines inform the industry on how much information is just
enough. Authoring teams must align with regulator expec-
tations to balance the risk of not including enough detail
versus including too much.

Ways to obtain regulatory reviewers’ viewpoints on lean
CSRs versus verbose or lengthy ones include

e Unsolicited feedback provided by regulators during
review

e Solicited feedback collected by process owners, regula-
tory stakeholders, and writers

e Shared knowledge from other pharmaceutical compa-
nies or representatives of participating healthcare regu-
latory agencies in collaborative industry initiatives, such
as TransCelerate

e Partnership with vendors specializing in regulatory doc-
ument development, and

e Partnership with regulatory policy scientists.

Input from regulators on clinical study report
length, content, and format

Solicited and Unsolicited Feedback from Regulators

Soliciting feedback from reviewers at healthcare regulatory
agencies can happen through questions in a planned regu-
latory interaction, questions to the project manager at the
agency, or more creative solutions, such as surveys.

One team at Lilly solicited feedback directly from active
FDA reviewers to pioneer an ICH-driven content map for
eCTD modules 2 and 5. The FDA reviewers were former
colleagues of an ex-agency reviewer, who also happened to
be a former colleague of a leader in Lilly’s writing function.
The reviewers were spread across divisions and were asked
in email to indicate preference for choices on data repeti-
tion, document format, and length. The reviewers stated a
clear preference for lean text and not repeating the same
data across text, tables, and figures. They cited quality con-
cerns as well as the burden of conducting their own quality
review.

Obviously, lean CSRs do not guarantee regulatory out-
comes, and not all CSRs are part of an application. Several
confounding factors drive regulatory outcomes independent
of document style, including the strength of data, scientific
merit, and risk—benefit analysis in the application. However,
the Lilly team that pioneered the pilot content map had so
much success with their lean documents that FDA and EMA
agency reviewers cited the clear articulation of the benefits
and risks in the documents as reasons for

Priority review or no clock stop for questions
Regulator interest in approval of other indications
Reversal of previous unfavorable regulator decisions
Development of a new FDA guidance that borrowed
from Lilly’s documents, and

e Granting of market exclusivity.
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Preceding Lilly’s adoption of lean authoring, FDA review-
ers frequently complained about the length of Lilly’s CSRs.
Some pointed to the federal plain language guidelines, while
others demonstrably rewrote sections of Lilly’s reports. In
several cases, excessively long documents were cited as
quality issues or as contributors to an unfavorable review.
Prior to Novo Nordisk’s adoption of lean authoring, they
received feedback from regulators on conflicting messages
across documents caused by inappropriately placed content.

Consultation with Former Agency Reviewers

Examples from Lilly, Novo Nordisk, and Sanofi demonstrate
how consulting with former agency reviewers can be beneficial.

Lilly and Novo Nordisk both independently presented
former agency reviewers with two CSRs based on the
same study: the original CSR written without following
lean authoring methods and a lean version. Novo Nordisk
took their consultation one step further and generated the
lean version of their CSR using their automated reporting
tools. Novo Nordisk and Lilly received similar feedback
from their consultants. The former regulators preferred the
revised, lean CSR.

Sanofi’s consultation with an ex-FDA reviewer allowed
them to create lean content rules to guide the interpretation of
the TransCelerate template.

Nielsen et al. [10] outlined a list of questions to ask for-
mer agency reviewers to align on the right amount of objec-
tive content to place in CSRs.

Publicly Available Regulator Feedback on Clinical
Study Report Length, Content, and Format

Professional service vendors can assist in adopting struc-
tured authoring, component content libraries, content map-
ping, and GenAl to create CSRs. Content strategy vendors
may be useful to lead the change management process with
communication plans and training. Knowing that other
companies have successfully implemented lean authoring
to create CSRs can help socialize adoption.

In lieu of or in addition to consultation with former
agency reviewers and content strategy vendors, compa-
nies can consider the publicly available resources listed in
Table 3. Many of these can assist in striking the right bal-
ance between lean content and what regulators expect.

Conclusions
The pharmaceutical industry is increasingly focusing on

speed and agility to outpace competitors, capture key mar-
kets [25, 26], and reach patients faster. This increases the
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burden on cross-functional authoring teams to create a
higher volume of complex documents more quickly and
on healthcare regulatory agency reviewers to consume the
documentation.

Lean authoring is a strategic approach that aims to
streamline the creation of clinical documents, including
CSRs, making them easier for reviewers to navigate and
logically follow. Regulatory agency reviewers previously
characterized verbosity, lack of clarity, poor rationale, and
non-adherence to ICH guidance as document quality issues
that they encounter [6]. Lean authoring addresses these con-
cerns through clarity, brevity, and audience targeting, which,
in the context of this paper, is based on a thorough mapping
of the ICH guidelines to frame the scope and purpose of the
CSR relative to other documents in the ecosystem.

Yet many companies are experiencing innovation or
change fatigue, especially since the COVID-19 pandemic.
Deep-rooted cultures of traditional, academic authoring
practices, lack of understanding of regulatory reviewers’
needs, and ineffective change management practices may
hinder adoption. Companies can successfully transition
to lean authoring by effectively articulating the benefits
of lean authoring, obtaining strong support from senior
stakeholders, and providing adequate training and change
management.

The pharmaceutical landscape is changing rapidly. At the
forefront of these changes are automation and Al. Automa-
tion aims to increase efficiency, reduce errors, and free up
human resources for more strategic tasks. In the context of
medical writing, automation can help streamline document
creation, data analysis, and other repetitive tasks. In this
article, we’ve suggested that content needs to be well-struc-
tured and adapted before digitalization to realize the full
potential of Al In other words, “Al is only as good as the
content it is trained on.” As Bill Gates summed up, “auto-
mation applied to an inefficient operation will only amplify
the inefficiency [27].” In a future article, we will explore
how Al is changing the field of medical writing and how
companies can prepare to fully embrace this powerful new
technology for clinical documentation.

While Novo Nordisk and Lilly obtained opinions of for-
mer agency reviewers to inform their content strategies, the
authors invite regulatory reviewers to comment on the ideas
in this paper.

Perhaps collaborative groups, such as TransCelerate,
Clinical Trials Transformation Initiative, The Organisation
for Professionals in Regulatory Affairs, or others, could
work with regulators to promote lean authoring.



Therapeutic Innovation & Regulatory Science

Table 3 Publicly available perspectives from regulators on lean authoring

Resource

Description of utility

Web address

FDA manual of good
review practices

US federal plain lan-
guage guidelines
EMA’s “How to write
clearly” publication
ICH E3 (R1)

ICH MA4E (R2)—<lini-
cal summaries

ICH E2C (R2)—core
safety

CORE (Clarity and
openness in reporting:
E3-based) reference

TransCelerate
templates

Value of Medical Writ-
ing: The Regulator’s
Perspective

Documented “best practices” developed to improve the quality of reviews and review
management, provide consistency in review practices, and transparency to the public.

Originated in the mid-1990s by the US federal government to facilitate clear and con-
cise communication across federal agencies. Source material for structured authoring.
Originated to facilitate clear and concise communication across the European Commis-
sion. Similar to the US federal plain language guidelines.

The ICH E3 and E3 (R1) Q&A documents describe how the ICH guidelines for creat-
ing CSRs should be used.

Teams that want to include data outside the scope of the CSR can be directed to other
locations in the eCTD ecosystem where such data are better suited.

In addition, lean authoring principles, such as cross-referencing instead of repeating
and keeping text brief (with page limits), are encouraged in the M4E (R2) guidance.
Manual created by American Medical Writers Association (AMWA) and European
Medical Writers Association (EMWA) volunteers to help medical writers understand
ICH E3 guidelines. It is referenced as one of the sources used in development of the
TransCelerate CSR template [28].!

TransCelerate is a consortium composed of industry and agency members aimed at
harmonizing CSR format and content to reduce complexity, increase quality, and ease
review and interpretation by healthcare regulatory agency reviewers, IRBs, and ethics
committees.

Publishes the results of a survey sent to reviewers at 8 global healthcare regulatory
agencies. Respondents cited verbosity, document length, and data repetition as the big-
gest quality issues leading to delays in approval.

https://www.fda.gov/about-f
da/center-drug-evaluation-a
nd-research-cder/cder-manu
al-policies-procedures-mapp
https://www.plainlanguage.
gov/law/
https://data.europa.eu/doi
/10.2782/022405
https://www.ich.org/page/e
fficacy-guidelines
https://www.ich.org/page/i
ch-guidelines
https://www.ich.org/page/m
ultidisciplinary-guidelines
https://www.core-reference
.org/

https://www.transceleratebio
pharmainc.com/assets/clinic
al-content-reuse-solutions/

Original print: https://amwaj
ournal.org/index.php/amwa/
article/view/83/70

EMWA reprint: https:/journ
al.emwa.org/medical-device
s/value-of-medical-writing-t
he-regulators-perspective/

"Hamilton et al. suggested a content and formatting guide to adapt the 2018 release of the TransCelerate CSR template. TransCelerate has since
updated the template to incorporate feedback from Hamilton et al.’s review, other input and current regulatory practices

Supplementary Information The online version contains
supplementary material available at https://doi.org/10.1007/s43441-0
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