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Pharmaceutical companies and regulators alike recognize the value of re-
al-world evidence (RWE) for pre- and post-market activities. The source of
that evidence—reliable, relevant real-world data (RWD)—informs drug devel-
opment and post-market surveillance, as well as health economics and out-
comes research (HEOR), market access, and pipeline and portfolio strategy.

Although a growing number of studies incorporate RWD, pharma companies
have only scratched the surface of its potential. That's because as much as
97% of healthcare data goes unused.?

In most cases, unused data is unstructured data. Textual unstructured data
includes clinicians’ notes, imaging test results, discharge summaries and oth-
er freeform text.

Because these records don’t easily fit standardized database formats, the
clinical information they contain lies dormant in electronic health record (EHR)
systems, unavailable to standard analytics tools.

Sophisticated tools and techniques now provide the means to process, store
and manage large volumes of unstructured data. Advanced artificial intelli-
gence-based software converts unstructured data into a computable format.
Machine learning-based algorithms recognize common patterns and label
these data so it’s ready to use. Together, they unlock valuable contextual
information that pharma companies can use to evaluate existing products as
well as the potential of treatments in development.

However, technology alone won’t deliver meaningful RWE. Pharma compa-
nies also need access to large volumes of structured and unstructured EHR
data as well as experts who understand the technical and clinical objectives.

The trifecta of advanced technology, robust data and a collaborative team
of data scientists and clinical experts delivers RWE with the assured preci-
sion regulated pharmaceuticals and biologics require. With those three piec-
es in place, pharma companies have what it takes to accurately identify un-
met needs, support regulatory submissions and conduct robust post-market
research—research that could lead to label expansions and more effective
commercialization strategies.

With access to nearly 155 million Veradigm Network EHR patient records,
Veradigm uses sophisticated natural language processing (NLP) to convert
semistructured and unstructured data into standardized format.? From there,
it's combined with relevant structured data to create a holistic dataset. Clini-
cians and data scientists actively monitor the process to ensure users have a
ready-to-use dataset that meets optimal levels of accuracy.

This white paper explores the hidden value of unstructured, textual data for
RWE generation. It also discusses Veradigm’s process for transforming these
data into a format pharma can use to enhance epidemiology, health econom-
ics and outcomes research (HEOR), and market access initiatives.
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The untapped potential of EHR data

Since the 21st Century Cures Act—which directed the FDA to develop a RWE evaluation program—was
signed into law in 2016, use of RWE to support regulatory submissions has increased significantly. For ex-
ample, between 2019 and 2021 alone, the proportion of FDA drug approvals that included an RWE study
increased from 75% in 2019 to 96% in the first half of 2021.4

The growing prevalence of RWE-supported submissions was spurred by advances in data analysis, as well as
the FDA’s multiple RWE guidance documents. Those guidances detail how the agency evaluates RWD and
RWE for drugs, devices and biologics, as well as the type of data it deems “fit for use.”

In addition to regulatory decision making, RWD also informs R&D, post-launch monitoring and commercial ac-
tivity. Data from insurance claims, product registries and medical records regularly inform internal decisions.*

Examples include:

« HEOR studies

- Comparing and ranking pipeline assets

« Assessing commercial viability of a drug program
- |ldentifying patient populations of interest

« Assessing drug interactions and safety (pharmacoepidemiology and pharmacovigilance)

While use of RWE is varied, and interest is growing, some of the more relevant data are rarely accessed.
That’s because, traditionally, much of this untapped information lie in unstructured formats such as these:

- Test-result summaries
. After-visit summaries
« Clinicians’ notes

. Clinical outcome assessments

. Faxed documents
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Because they're created in text-based and/or narrative formats, unstructured
data formats don’t readily integrate with structured datasets such as EHR
clinical or claims billing codes.

“Structured data alone doesn’t give you the context of what’s actually hap-
pening with the patient,” said Jordan Overcash, senior manager of solutions
management at Veradigm, a healthcare data and technology company that
provides large NLP enriched ambulatory EHR datasets to life sciences cus-
tomers. “It's only a subset of what’s in the EHR. The conversations between
the clinician and the patient are key in being able to monitor progression of
disease, effectiveness of medication, as well as other important metrics that
are beyond what fits within a standard terminology system.”

And yet, about 80% of all healthcare data is unstructured.® It's not stored in a
predefined format, complicating its retrieval and use. What would be possible
if we could provide structure to the unstructured?

With meaningful retrieval of hard-to-access data, drug developers would
have more insight into therapy decisions, including why a doctor would ini-
tiate, change, add or discontinue a medication. That understanding could
help pharma companies make more informed decisions around current and
emerging treatments.

“Unstructured data can provide additional detail on disease progression and
severity for a more complete picture of the course of disease, care and out-
comes,” said Veradigm principal HEOR researcher Lee Kallenbach. “The nu-
ances you find are often what make a difference in treatment regime.”

Bringing structure to the
unstructured—at scale

With access to both structured and unstructured data, pharma companies can
analyze more comprehensive RWD sets, which leads to more targeted and
effective RWE. Optimal results require robust patient data, advanced tech-
nology and a team of data scientists and clinicians to oversee the process.

Veradigm uses NLP to standardize and extract insights from provider narra-
tives and other unstructured data. Technical and clinical experts work togeth-
er to refine the model and apply learnings to datasets that include information
from tens of millions of patients. This human-led approach to data analysis
has led to accuracy rates of 93% and above.

“Our models are developed on our data and reviewed by clinicians,” says
Overcash. “This allows the models to better recognize patterns common
within our unstructured data and to return accurate insights. Our models mim-
ic the thought process of clinicians and provide insights that closely align with
expert human judgement. Our solutions consider the full context of clinical
notes, delivering precise interpretations of complex medical information.”
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CASE STUDY:

Atopic dermatitis

Management of atopic dermatitis
(AD) is hampered by inconsistency
in how providers assess severity,
disease activity and quality of

life. This variability makes it hard

to understand the impact of the
disease. Researchers wanted to
assess provider notes to learn more
about AD-related symptoms.

Solution: In a retrospective
observational cohort study of adults
and children with a diagnosis of
atopic dermatitis, both structured
data and unstructured provider
notes from the Veradigm Network
EHR database were evaluated. The
dataset included notes from 133,025
patients in the United States. Skin-
related keywords were identified;
researchers applied NLP to look for
patterns.

Result: Analysis showed

differences in symptom reporting
between primary care doctors

and dermatologists. It also found
higher emphasis on symptoms vs.
quality-of-life factors. Overall, results
supported the use of unstructured
observational notes to provide
additional information documenting
symptoms and treatment.”

PRESENTED BY: PUBLISHED BY:

& veradigm. ’ FIERCE

< Biotech



Veradigm Network EHR data in
rolling five years
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Addressing real-world needs

Oncology, neurology and immunology are some of the most active areas in
drug development according to a recent report.® Heart disease and metabolic
disease, which affect a growing number of the U.S. population, remain strong
areas of interest.

Robust RWD may help accelerate business and drug development in these
areas. Information found primarily in unstructured formats supports evidence
learned from randomized controlled trials and structured data sources.

Neurology/central nervous system: These diseases and disorders cause mul-
tiple motor-sensory, cognitive, emotional and behavioral symptoms that are
difficult to measure objectively and are commonly contained in unstructured
clinician notes and assessments.”® This therapeutic area also has a shortage of
large clinical research networks. RWE based on structured and unstructured
data would augment clinical trials in this hard-to-recruit therapeutic area.

Cardiovascular: An ejection fraction measure most commonly comes from an
ultrasound of the heart. Physicians document this heart failure indicator differ-
ently: either numerically or as descriptive text. Bringing structure to this value
would give researchers useful insights outside the confines of a controlled clin-
ical trial.

Metabolic disease: While many important measures exist largely in structured
formats, a significant number of results and symptoms exist in clinicians’ notes
and other free-text records. For example, fibrosis-4 index (FIB-4) and nonal-
coholic fatty liver disease (NAFLD) scores—both important measures for de-
termining disease stage and overall liver-related mortality—are often found in
unstructured data." These measures are integral for studying both emerging
and existing liver disease treatments.

Immunology: Severity of some auto-immune conditions, such as psoriasis and
rheumatoid arthritis, is measured using subjective scales and assessments.
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Schizophrenia

Researchers wanted to identify
negative symptoms in patients

with schizophrenia and their
characteristics. The results would be
used to assess healthcare cost and
resource use associated with those
symptoms.

Solution: Researchers used a
defined subset of patients with
schizophrenia from the Veradigm
Network EHR database. A list of key
terms for negative symptoms was
created. Python scripts converted
clinical notes into plain text, and
Python NLP libraries segmented
this text into sentences to extract
context around keywords related to
negative symptoms. Keywords were
evaluated for false-positives using
regular expressions and rule-based
techniques. Patient characteristics
were assessed in the 12 months
preceding the index date.

Result: NLP successfully

identified negative symptoms

from unstructured data, offering
new insights into schizophrenia.
The study detected lower rates of
negative symptoms than reported
estimates, raising the question of
whether NLP missed information, or
whether there were shortcomings in
the usual clinical exam for negative
symptoms, the number of available
notes, or the NLP methodology
itself.
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These assessments are usually found in unstructured free text. Information on
symptom severity and flare frequency could inform products in later stages of
development.

“We focus on areas with high drug development activity and healthcare spend-
ing where EHR clinical data could add value,” said Kallenbach. “Our researchers
and clinicians look for unique insights that are not available or not well popu-
lated in structured data. As we enhance the NLP-enriched Veradigm EHR data-
sets, we intend to add additional therapeutic areas and clinical elements that
are most relevant and available in unstructured notes.”

NLP EXTRACTION | DATA SOURCES | STANDARD FORMATTING

Unstructured +
Patient Semi-Structured Fields
Encounter EHR Data inthe EHR NLP Extraction
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Veradigm uses NLP to extract therapy-specific elements, providing deeper insights about the patient cohort of interest. Enhanced
tables combine structured, semistructured and unstructured data into a standardized format that’s ready for analysis.
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Conclusion

Now that regulators have voiced their acceptance of RWE based on scientifical-
ly valid RWD, the pharmaceutical industry is making good use of the data it has
available. By combining structured data from EHRs with semi-structured and
unstructured clinicians’ notes, drug developers have more insight into patients’
health and wellness.

Advanced technology, overseen by technical and clinical experts, creates
a powerful platform where structured and unstructured data come together.
“With NLP, we’re able to, very quickly, take 10,000 patient records in a given
cohort and narrow it down to a few hundred who are associated with very
granular characteristics,” said Overcash. “That granularity is sitting in textual
unstructured formats. Though Al-based technology is changing rapidly, what
won’t change is our commitment to being good stewards and pulling accurate
healthcare information from freeform data.” H
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