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Knowledge First is the missing link

Pharma organizations have tried several ways to leverage technology to help
accelerate regulatory documentation workflows. Unfortunately, few
organizations have realized the benefits they expected in shorter timelines or
reduced costs.

Here are some common reasons why their expectations are not met:

e Focus on generating documents :
New tools. Unmet expectations.

instead of on building knowledge

assets DOCUMENT LEGACY
FOCUS WORKFLOWS
e Replicate legacy workflows in new =
technology =g
4 v
e Measure “time to first draft” for a DOCUMENT

document type instead of assessing

v

the end-to-end knowledge lifecycle

Document-only output

e Allow legacy silos to block technical  New tech in old workflows
First-draft metrics

* Silos

Isolated Pilots

e Regulatory-only change

and data enhancements

e Operate in pilots without addressing
underlying issues that prevent scalable

processes
e Treat the project as part of Regulator "
prol P 9 Y DIGITALIZATION _
Affairs rather than as an organization- FALLS SHORT {

wide transformation

The common thread that ties these disappointed expectations together is not
the technology. It's not even the process.

The number one reason that transformation fails is that there has been no
lasting change to the mental model of the regulatory documentation process.
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What is a mental model?

The exact definition of mental model varies depending upon which discipline
you approach it from. In this paper, mental model is defined as “an
interrelated set of beliefs that shapes a person’s expectations for the future
and how they understand the way the world works."!!

Without a new mental model of how knowledge is captured, curated, and
communicated, most people simply cannot make digital transformation
successful. They continue to think in documents. They hold on to legacy
processes instead of embracing more effective ways for their expertise to
contribute to the business.

When that happens, the organization cannot realize the full potential of
technology to shorten timelines and reduce risk. The return on investment
(ROI) looks weak and the technology takes the blame. The digital
transformation falls short of its potential or even fails altogether.

This paper describes the mental model that makes the difference between
successful digital transformations that deliver business value and other
attempts that do not fully pay off.

We call this mental model Knowledge First.
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What is the Knowledge First mental model?

Knowledge First is a visionary approach to capturing, optimizing, and
delivering knowledge for human use and machine processing. The Knowledge
First mental model changes the picture from “we must produce documents”
to “we must capture knowledge.” This approach enables large organizations to
achieve business objectives more efficiently and with less risk.

In the Knowledge First mindset, writers and subject-matter experts (SMEs)
focus on creating knowledge assets that support multiple functions within the
business. A knowledge asset is a unit of information that is augmented for
machine processing so that automation can be implemented to speed up
processes and to reduce errors.

Knowledge assets typically comprise datg, evidence, and meaning that
enable the knowledge lifecycle of a drug from ideation through retirement. In
addition to its role in regulatory documents and submissions, this knowledge
becomes available to people throughout the organization to make decisions,
evaluate outcomes, and share results.

When that knowledge is locked away in a document that is stored with
hundreds (or thousands) of other documents or saved locally on a laptop, it
becomes difficult or impossible to find and use that knowledge. As a result,
people can make decisions and take actions based on incomplete or
inaccurate information. These decisions incur risk, cost, and time that could
have been avoided if the knowledge had been more readily available.

This risk increases when we bring Al into the equation.

Just about everyone knows that the quality of Al results depends almost
entirely on the quality of the source information. But not everyone realizes that
documents are not the optimal source format for Al to access knowledge.
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Knowledge is the business asset

The crux of the Knowledge First mental model is that knowledge is the
primary business asset. The document is not.

The Knowledge First mental model helps people understand that their
knowledge is much more valuable to the business when it is optimized for
systems to find, retrieve, and use. Their effort is rewarded when the knowledge
assets they contribute are referenced by parallel and downstream systems to
accelerate or de-risk different aspects of the drug lifecycle.

>4

The concept of knowledge assets rather than documents is becoming more
and more critical as organizations deploy agentic Al workflows. These agents
are inended to take actions based on the knowledge that has been captured.
Data alone is not enough to enable trustworthy agentic Al workflows;
structured knowledge is key to building autonomous agentic Al at scale.!!

McKinsey found that only seven percent of business leaders surveyed in 2025
reported that Al was fully scaled within their organizations.l? The report says
that scaling Al requires more than adopting new technology. According to
McKinsey analysts, businesses need to redesign workflows around Al
capabilities and build platforms that allow them to operate at scale.
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The enterprise goal of leveraging Al to interpret information and take actions
may seem removed from the daily work of any given individual involved with
knowledge development. And yet, the success of any Al implementation
bbeyond a carefully constructed proof of concept depends on making the
radical shift in how the source knowledge is identified, created, and managed
over the long term.

Capture, curate, and communicate

The Knowledge First mental model divides the digitalization of regulatory
documentation into three categories: capture, curate, and communicate.
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1. Capture knowledge

genesis point of the information. The knowledge is then stored and classified
to enable reuse, transformation, and referencing any time the information is
needed.

That information must be findable and usable for a very long time. Pharma
organizations collect new knowledge starting with the first idea of a drug and
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may not stop until 30 (or 50, or 100) years later. The knowledge assets that
must be captured include evidence and analysis required by regulators,
proprietary intellectual property about the portfolio, and all other innovations
and changes that occur across the business.

Once identified, these knowledge assets need to be classified and labeled so
they can be identified, discovered, and maintained. Documents simply do not
allow pharma teams to label knowledge assets at the level of granularity
required to enable fast, accurate search results or support Al to produce
reliable results.

In the Knowledge First model, this capture and identification of the knowledge
asset is a critical factor for success.

2. Curate knowledge

The Knowledge First mental model envisions knowledge curation as the
ongoing process of keeping digital knowledge assets current, correct, and
connected throughout the lifecycle of the drug.

It is (relatively) easy to curate the knowledge one time. The real challenge is in
the ongoing maintenance of that knowledge.

Most digital transformation initiatives have focused first on automating the
creation of new documents. The core project team is tasked with conducting
proof of concepts or pilot programs for a specific objective (e.g, deliver the
clinical data for a specific indication for a specific drug). Maintaining and
updating knowledge is often a secondary concern, if considered at all.

When the use case is to update or expand the existing knowledge within the
digital process, the question of knowledge curation can no longer be put off.
That's when the transformation program is often abandoned as the full end-
to-end knowledge curation process has not been addressed.
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The Knowledge First mental model emphasizes curation as an equal priority to
capturing and communicating knowledge. Curation is the hub of the entire
mental model.

3. Communicate knowledge

The Knowledge First mental model envisions knowledge communication as an
end result of capturing and curating knowledge.

The same digital knowledge assets can be assembled and transformed into
any number of commmunication formats.

A document is one traditional format for communication knowledge. Other
formats include XML files for clinical trial registries[”, CDISC ODM-XML data files
for electronic data capture (EDC) systems at trial sites!?, HTML for electronic
product information (ePl) websites, and structured product labeling (SPL) files
for FDA submissions and the DailyMed database.®!

These knowledge communication formats happen downstream from
document creation. Many teams are not aware of how their knowledge is used
or that their knowledge contributes to these processes at all.

Today, as Al becomes more prevalent in pharma and regulator workflows, the
availability of knowledge moves to the forefront of almost every business
endeavor. Business and regulatory processes that used to happen
“downstream” now happen in parallel or even move upstream, occurring
before a document is produced. This shift in workflow goes smoother when
people make a shift in how they envision the end-to-end knowledge lifecycle.

The Knowledge First mental model ensures that the people who capture or
curate knowledge do not need to know all the formats that will be used to
communicate knowledge. Rather, the mental model requires people to think of
the communication format as an “output” of knowledge that is separate from
the “input” of knowledge. We capture and curate knowledge through the
inputs; we communicate through the outputs.
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This separation of inputs and outputs is a relatively new concept to most
pharma organizations. Yet it is one of the key distinctions between legacy
workflows (which are based on how paper works) and digital workflows (which
are based on how computers work).

Locking knowledge in documents is bad for business and
for patients

Knowledge is the most critical enterprise asset for any pharma organization. This
goes for established global enterprises with more than 100 drugs on the market and
for nimble biotech startups with just one treatment in development.
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Knowledge needs to be findable in order to be valuable. And yet pharma
organizations regularly lock their knowledge away in the least accessible
format for both humans and machines: the document.

Risks of document-based systems

Document-based systems have long been impediments to communicating
knowledge. This fact is not new. It's why other regulated industries have
already embraced (or at least, begrudgingly adopted) a digital approach to
capturing, curating, and communicating knowledge.

Those industries now have decades of experience capturing knowledge in
digital assets that can be searched, assembled, and delivered in any number
of communication formats.
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Dell, Inc.'s technical communications team had already been creating
structured knowledge assets for more than 10 years when agentic Al became
a business reality.ll Those knowledge assets were captured, stored, classified,
and curated to enable about 60% content reuse across millions of HTML and
PDF pages. In 2026, these assets became the foundation of the company’s
“Next Best Action” Al agent. This solution greatly speeds up customer support
resolution and is credited with an estimated $240 million in support cost
deflection.”! Their workflows reflect the Knowledge First mental model and
quickly adapt to support Al solutions.

As an industry, pharma organizations have struggled to effect a similar radical

change in how knowledge is captured, managed, and delivered.
As a result, pharma organizations cannot:

e Amass knowledge into an accessible place while also preventing
redundancy, contradictions, and inconsistencies

e Keep information current and compliant without extensive manual work
that is often hidden and not documented

e Leverage automation to provide the right content in the right format

e Provide enough context for Al to find the exact right information in a
document library riddled with redundancy and potential contradictions

Unfortunately, some of those organizations have attempted to address these
risks by implementing Al without taking a critical look at the knowledge
foundation.
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Documents limit Al reliability

We can all see the potential of Al and content automation
to help get medicines to patients faster. And, we have seen
over and over again that new tools alone do not bring as
much acceleration to content development as desired.

Al cannot add value when the knowledge is locked
away as unstructured documents.

Every large pharma organization we speak to is looking to
Al as a way to speed up document-based processes.
However, the risks inherent in document-based processes
increase, not decrease, when you add Al without also
changing how you capture and curate knowledge. In fact,
according to Gartner, more than 40% of agentic Al projects
are likely to be canceled by the end of 20278

Nobody knows just how many errors, gaps, and outdated
information exist in the vast document repositories that
represent the accumulated knowledge of a drug. That was
accepted as an inevitable part of the document-centric
process when the risks lay in the chance that (1) a person
encountered one of these issues and (2) it caused enough
of a problem to require escalation.

When Al is incorporated into document-based processes,
the errors, gaps, and outdated information within the
thousands of documents become obvious on a scale that

(F
In test after test,
structured knowledge
assets enriched with
context and explicitly
defined relationships
outperform static

documents in any
Al-enabled processing.

30%-60%
Faster
Structured graph queries
provide 30% to 60% faster
initial generation than
ad-hoc chunk retrieval *!

Context
Matters

RAG retrieval suffers when
source content lacks
context, metadata, and
explicit relationships.!

Structured Data
Required

It is impossible to automate
classification tasks reliably
without structured data.””

Less
Training Data

Al models trained on
well-labeled and
semantically defined
content perform better with
less training data.

wasn't conceivable with search results and human assessment. These issues

impact major areas such as drug ideation, safety profiles, and analysis of

related drug substances and products.
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With Al, there is no hiding those deficiencies. Can you detect them before they
propagate and escape to the outside world? What are the repercussions to
patient safety? To enterprise reputation? To the bottom line?

Every pharma organization expects to use Al to transform source knowledge
assets into additional assets for use in submissions, annual reporting, patient-
facing materials, and other outputs. The expectation is that Al will help pharma
teams meet knowledge communication requirements and obligations on a
global scale.

This expectation can only be realized when Al applications and agents have
access to curated, structured knowledge assets.

Human-in-the-loop needs a digital approach

One common approach to digitalization is to incorporate “human-in-the-
loop” (HITL) review as the safety net for Al-generated documents.

The total reliance on HITL is an industry-wide admission that we cannot trust Al
to do the job correctly when we use Al to generate documents from
unstructured knowledge sources. However, Dell's content engineering
approach suggests that when humans focus on capturing and curating
structured knowledge assets, then Al can produce much better results.”

The combination of Al + HITL is supposed to cut weeks and months out of the
document development process. It can, but not if you just use documents to
create more documents. The process of reviewing information still requires
review of source documentation to ensure that the analysis and conclusions
are consistent and complete. People must also perform close review of the
language and details so that the submission presents a clear, accurate, and
persistent view of the data and conclusions.
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A digital approach that puts structured knowledge assets at the center is the

only way to achieve process acceleration and content quality at scale.

Organizations that have achieved significant acceleration in the
production of clinical study reports (CSR) and CMC documentation
did not achieve these results simply from adding Al into document
production. Rather, they all changed their fundamental approach
from documents to structured knowledge assets. They adopted new
practices such as lean authoring, structured content authoring,
structured content and data management, and lean templates.

KNOWLEDGE FIRST IN PRACTICE

Organizations didn't simply add Al.
They changed the way knowledge was created and managed.

) NOVARTIS @ Pfizer %”5}

novo nordisk”

25% 50% 90%

Reduction in time to registrational CSR, with an average writing
effort of 5.25 weeks.!"!

€29 MERCK AMGEN

500 Structured

A) Knowledge
Reduction in CSR Automation of regulatory
document length authoring

Removes thousands of words for PTI to Uses semantically structured blocks with

parse and humans to review | metadata defining relationships betw?en

scientific data and business contexts
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Digitalization requires a new mental model

Adding new technologies into existing document-first processes or
undertaking single-purpose pilots that do not scale will not equate to
successful digitalization. To realize the full ROl requires a significant change in
how people work. For people to accept these changes, they must develop a
new understanding of digitalization.

To be successful at scale, pharma must fundamentally change its current
approach to digitalization. It is evident that the current approaches are not
providing the desired results.

The fundamental change required is to change the way we think about
knowledge itself. Knowledge First is the mental model that makes that shift
possible.

The Knowledge First mental model helps the people closest to the business-
critical knowledge develop a common vision. This unifying vision then enables
them to adopt new technologies, processes, and workflows that empower
successful digitalization.
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About Content Rules

Content Rules, Inc. helps pharma organizations accelerate adoption and
maximize the return on their investment in digitalization. The world's largest
and most innovative companies trust us to develop their enterprise content
strategies, transform their content ecosystems, optimize content for a
worldwide audience, and develop effective content that gets results.

Since our founding in 1994, we have refined our approach over decades of
working with organizations facing challenges just like yours.

We provide:

Knowledge First training, coaching, and mentoring
Content strategy and Al readiness assessments
Content architecture and reuse strategy design
Writer and reviewer enablement

Governance and workflow design

Pilot and implementation support

Long-term adoption guidance

Contact us at info@contentrules.com for a free consultation.
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