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Abstract

To address the Quintuple Aim of health care improvement, the profession of pharmacy is on the
verge of a practice transformation that incorporates continuous learning from medication-related
data into existing clinical and dispensing roles. The pharmacists’ patient care process (PPCP)
enables a learning pharmacy practice through the systematic and standardized collection of real-
world medication-related data from pharmacists’ patient care activities. A learning pharmacy
practice continually generates data-powered discoveries as a byproduct of PPCP interactions. In
turn, these discoveries improve our medication knowledge while upgrading our predictive powers,
thus helping all people achieve optimal health outcomes. Establishing a practice management
system connected to the PPCP means that data are generated from every PPCP interaction,
combined with existing data, and analyzed by teams of pharmacists and data scientists. The
resulting new knowledge is then incorporated into all future PPCP interactions in the form of
predictions coupled to actionable advice. The primary purpose of a learning pharmacy practice
is to combine the power of predictive modeling with evidence-based best practices to achieve
and sustain population-level health improvements. This purpose is achieved by systematically
optimizing individual medication use in an equitable manner on a global scale.
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To achieve the Quintuple Aim of combining improved patient outcomes, patient experience,
and pharmacist well-being with lower costs and more equitable care, it is imperative that
pharmacists perform their work with the best possible pharmacy knowledge available.
Pharmacists’ are poised to meet these aims in more effective ways by continuously learning
from the growing amount of real-world medication use data and using the knowledge to
inform their daily practice. Continuous learning expands the scope of pharmacists’ work

to also include systematically collecting medication use and outcomes data, performing
data analyses to generate reliable medication-related knowledge before implementing that
knowledge in practice.

The pharmacists’ patient care process (PPCP) enables pharmacists to participate more
fully in the work of continuously learning about medication use during patient care. The
PPCP provides the necessary structure to formalize pharmacists’ patient care activities and
optimize treatment outcomes for individual patients.! In this article, we place PPCP within
the larger context of a learning pharmacy practice (Table 1).

Developed by The Joint Commission for Pharmacy Practitioners, the PPCP is a
standardized, systematic approach for pharmacists who perform patient-centered care
involving patients and their caregivers, providers, family members, and insurers. The PPCP
connects 5 patient care steps into a cycle: patient data collection, assessment and analysis,
care planning, implementing care plans, and monitoring plans in effect. At the critical

care planning step, individualization leads to patient-centered care plans that account for
patient characteristics and preferences. Therapeutic goals are also established and clarified in
concert with other health care providers. These goals set parameters for future measurement
of therapeutic effects and other patient outcomes.

Although PPCP interactions are currently targeted at an individual-level, these patient-
pharmacist interactions also offer an opportunity to systematically produce shared
knowledge that can be shared as real-time patient care advice. By focusing only on
individual patient care, we limit the potential value of the PPCP. Greater value is

realized when the PPCP is viewed as a central component of a larger, transformed

practice management system. We envision the PPCP situated within a transformed practice
management system that encompasses continuous learning across patients and health care
organizations. Our view highlights growing opportunities to accelerate learning, improve
medication use on a broad scale, and rapidly advance pharmacy practice.

PPCP’s creators note that the process is embedded within the larger pharmaceutical care
model from Hepler and Strand.2 Some view PPCP as the second part in a 3-part model of
professional practice, which includes (1) a philosophy of practice, (2) a patient care process,
such as PPCP, and (3) a practice management system.3# We agree that the PPCP must

be founded on a philosophy of ethical and appropriate practice. Furthermore, a practice
management system comprising accountable organizational structures and technologies that
sustain pharmacy practice is needed to support the PPCP.

However, our current practice management system primarily supports the PPCP for
individual patient interactions and is not adapting fast enough to rapid changes in biomedical
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knowledge production and the introduction of data science. The result is that pharmacists do
not always have the best possible evidence at their fingertips to support high-performance
clinical decision making.>~9 We raise the potential for remaking the pharmacy practice
management system into a learning pharmacy practice. A learning pharmacy practice
supports continuous learning when diverse data are routinely aggregated from PPCP
iterations across most patients, analyzed to produce new medication knowledge in computer-
readable forms, and communicated directly back into practice for patients and authorized
health care workers to use.

This article describes the concept of a learning pharmacy practice and explains how it
facilitates continuous learning. We believe this kind of practice management system is
especially important and relevant as pharmacists rethink their care roles, enhance their
capabilities and expertise,10 adopt new technologies to support patient care, 112 and
determine how to transform the pharmacy profession to support the practice of the future.13

Vision of a learning pharmacy practice

The learning pharmacy practice concept is an outgrowth of recent work to build Learning
Health Systems at various levels of scale.14 The U.S. Institute of Medicine, now the National
Academy of Medicine, first advanced the concept of Learning Health Systems in 2007. A
Learning Health System is defined as one, “in which evidence is both applied and developed
as a natural product of the care process.”1® The following are 5 activities that Learning
Health Systems do: (1) aggregate data about the health-related experiences and outcomes

of many persons, (2) routinely analyze aggregated data to produce new knowledge of best
practices, (3) continuously implement the new best practices learned from data analysis, (4)
develop and adopt infrastructure to support the activities of continuous learning, and (5)
institute and inculcate pervasive, inclusive cultures of ongoing learning about health.

The PPCP directly supports the first 3 of these learning activities. In contrast, the PPCP

can be supported by the other 2 activities. The PPCP enables continuous learning from real-
world data because as it unfolds over multiple iterations within and across many patients,

it generates outcomes data that are suitable for aggregation and analysis. Predictive models
can be developed that lead to safer, more effective medication use practices using these

data. The planning step of the PPCP provides a critical entry point to translate knowledge
into practice. This happens when individualized models are coupled with current knowledge
about best practices, treatment options, and adverse events on behalf of patients. In this way,
the value of individual PPCP cycles are appreciably expanded to include continuous learning
through data analytics.

The systematic collection of diverse outcomes data and the inflow of reliable predictions,
new medication use knowledge, and updated best practices into care planning are supported
by embedding the PPCP into a larger practice management system that learns from real-
world data continuously. We refer to pharmacy practice functioning in this way as a learning
pharmacy practice. The challenge of generating and delivering accurate predictions for
individual patients informed by the most complete and up-to-date medication use knowledge
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possible becomes central to safe, effective care by pharmacists. A learning pharmacy
practice cannot exist without consistent care processes and workflows such as the PPCP.

Few outcomes data and evidence exist to date about the impacts of continuous learning

in pharmacy. Although clinical pharmacy practice has yet to be transformed by big data
analytics, the experiences of other industries suggest this transformation is likely to come.16
The stage is set for a new pharmacy practice paradigm shift focused on the use of high-
performance artificial intelligence from comprehensive, validated, and standardized data
produced by PPCP interactions.1”-18 Spurring the readiness for a learning pharmacy practice
are changes in the pharmacy health technology landscape such as widespread electronic
health records and electronic prescribing, adoption of digital pharmacy services, and remote
monitoring of patient-generated outcomes.13:19.20

In addition, the economics of a learning pharmacy practice needs to be addressed. The
opportunity exists to build industry around the identification and use of new medication
knowledge in PPCP interactions. A learning pharmacy practice model brings value to
stakeholders including patients, pharmacies, and insurers through fewer adverse events and
improved quality of care. Perhaps a learning pharmacy practice can be sustained in the
way patient safety organizations are funded today.?! Regardless of the funding mechanism,
teams of pharmacists, data scientists, biostatisticians, and implementation scientists must
be compensated appropriately for performing the activities of establishing generalizable
medication use knowledge in these organizations.

Building a learning pharmacy practice

A learning pharmacy practice comes into view when considering the people, processes, and
technologies required to expand beyond supporting the PPCP for individual-level patient
care to supporting the PPCP also as a critical enabler of ‘learning while doing’ in all patient
care settings (Figure 1). It was during our work in Learning Health Systems and Information
Science that we noticed the potential for a learning pharmacy practice and further developed
the idea within our pharmacy informatics research group at the University of Michigan.

Starting at step 1 (Figure 1), a learning pharmacy practice collects many types of real-
world data arising from the individually focused PPCP interaction to create population-
spanning data sources. At step 2, data obtained from past PPCP interactions are stored as
electronic PPCP records (e.g., Pharmacist eCare Plan developed by the National Council
for Prescription Drug Programs?2). A learning pharmacy practice aggregates these PPCP
records at step 2 to provide sufficiently large datasets for analysis. Then, at step 3,
pharmacists and data scientists work together to perform data management, build and
test predictive models, and continuously review statistics to inform better analyses as
more data are collected. When predictive models generate new knowledge that should
be implemented to improve pharmacy practice, clinical practice guidelines are updated
accordingly. To facilitate this, the guidelines themselves should be in computer-readable
forms, allowing for faster, easier, and more reliable integration of predictive models into
guideline recommendations.23 Finally, at step 4, these computer models produce useful
knowledge to patients and pharmacists that are integrated into all relevant individual PPCP
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interactions as best practice tools. Communicating useful advice from current best practice
knowledge in computer-readable formats to pharmacists ensures patients optimize their
medication use.

Imagine this as a 4-step cycle repeating continuously so that patients routinely and
consistently benefit from the most up-to-date medication and treatment knowledge available.
The medication use knowledge is updated and improved as thousands of new PPCP-based
patient interactions occur every hour of every day. A more detailed discussion of the
components and process depicted in Figure 1 follows.

Step 1: Collection of diverse real-world data stemming from the PPCP interactions

In Figure 1, the PPCP is ongoing and the co-creation of a care plan occurs among patients,
pharmacists, and other health care providers. A patient and a pharmacist discuss past
outcomes and make shared plans for future medication use. The depicted instance of the
PPCP unfolds as a face-to-face interaction; however, the PPCP may also occur remotely
through real-time observation, electronic messaging, or telepharmacy. At step 1, with
approval from the patient, the data generated from conducting the PPCP are represented
by yellow dots flowing away from the interaction into a PPCP record for the patient. A
PPCP record may include images, structured data, free-text, video, voice, or data in other
forms that are collected from the PPCP interactions. Examples of the data sources include
social media, contact tracing, physical activity tracking, streaming drug concentrations, and
patient-provider conversations. In a learning pharmacy practice, patients have control over
their personal data, determine which types of data are shared, and how those data can be
used by the system. Patients are encouraged to share their data so that continuous learning
about medication use and patient outcomes can take place to benefit all.

A learning pharmacy practice applies data standards and security protocols consistent with
state and federal laws as these real-world data are collected. Some data standards already
exist (e.g., Health Level Seven International, Fast Healthcare Interoperability Resources,
and National Council for Prescription Drug Program SCRIPT standards), but the profession
of pharmacy will need to advance a host of other data standards as part of the work of
establishing a learning pharmacy practice. Data standardization and security measures help
ensure that the reliable data and knowledge produced by successive PPCP interactions
taking place throughout the learning pharmacy practice are accessible to those who are
authorized to use them and not to others.

Step 2: Aggregation and storage of PPCP interaction data

Diverse data about individuals from PPCP interactions are aggregated to form large
repositories of current and historical medication use and patient care outcomes data. Data
from these sources can be combined at individual, organizational, and societal levels to
ensure that consistent, tailored, and equitable care for each patient is based on the best
possible predictions and the most up-to-date medication knowledge. As past outcomes
data are collected in large quantities, different types of data analyses can reveal detailed
patient-level trends and changes in exposure and response to medications over time. In

a learning pharmacy practice, enough real-world medication use data can be collected to
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support investigations of relatively rare phenomena and diseases. These may also be actively
combined with other sources of data (e.g., socioeconomic data) to further inform best
practice and treatment for individuals. The ability to bring continuous learning at scale to
rare problems is 1 of the most important potential benefits of a learning pharmacy practice.

Building data repositories can occur in more than 1 way. Using a large group of

federated databases in conjunction with remote queries, real-world data arising from PPCP
interactions can be stored locally but still made available for large-scale analyses across
many locations. Alternatively, it is also possible that extremely large data lakes filled with
diverse and deidentified real-world data could be established to support a learning pharmacy
practice in the future. Aggregating real-world data arising from PPCP interactions for use is
not as much of a technical challenge as it is a matter of public policy and ethics. It is clear,
however, that aggregating data to support continuous learning about medication use raises
new ethical issues, including the issue of having everyone in society potentially contribute to
the common purpose of improving the quality and value of patient care.2425

Step 3: Knowledge generation resulting from continuous data analysis

Aggregation, organization, and preparation of the PPCP-derived data for analysis occur

at step 2. Then, at step 3, pharmacists, data scientists, and patients study the data
collaboratively to produce informative results that are used to guide PPCP interactions for
future patient and pharmacist shared decision making. At this step, pharmacists and data
scientists work together to clean data and design statistical procedures and tests to generate
insights in the form of predictive models, dosing, risk, and other useful mathematical
equations and also tables, graphs, and other visuals. When results of these types are
generated, more pharmacists and also patients have roles in a learning pharmacy practice
that give them the purview to oversee the interpretation of results and to determine whether
new results are meaningful and actionable. If so, something new and important has been
learned that carries the potential to improve pharmacy practice and drive medication use
outcomes.

In a learning pharmacy practice, the analyses focus on 3 core areas: (1) determining what
is happening with the patient, (2) predicting what will happen to the patient, and (3)
making recommendations to improve care for the patient. Recent health care examples
using computer models to identify patients experiencing adverse drug events, predicting
future acute kidney injury, and recommending patient-specific treatment options provide
insight into the benefits of a learning pharmacy practice.26-28 However, in addition to these
potential benefits, the profession must also consider the potential unintended consequences
of adopting these kinds of models in practice. Before the results of analyses lead to new
knowledge being deployed and implemented into practice, all appropriate policy, trust, bias,
equity, and quality considerations must be accounted for to prevent damaging unintended
consequences.29

Step 4: Implementing new knowledge into the PPCP interaction

By step 4, we have almost completed the cycle in Figure 1. At this final step, better
predictions, new knowledge of best practices, and other outcomes of previous analyses
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are applied at every step in a patient-pharmacist PPCP interaction. This incoming new
knowledge from analytics is depicted by teal dots flowing into the PPCP at its planning step.
Examples of new knowledge being implemented as the PPCP unfolds include notifying
pharmacists and patients about the likelihood of adverse effects, the effectiveness of
treatment alternatives, or the probabilities of specific outcomes. With this capability to
deliver accurate, reliable predictions on the basis of the experiences of many patients in
conjunction with actionable advice based on best practice knowledge, the pharmacist and
the patient engaged in the PPCP interaction within the larger context of a learning pharmacy
practice now have the best possible information available to guide their shared decision
making.

This last step relies on not just what knowledge is communicated back into the

PPCP interaction, but equally important, on how the knowledge is communicated.26
Incorporating predictions, new knowledge, and other outcomes of data analysis requires
careful consideration about the interpretation of the results, design of data visualization,
the user interface and experience, and the work environment of a learning pharmacy
practice. Coupling predictions with related actionable advice in the right form, time, and
place ensures that pharmacists and patients use best practice knowledge appropriately
and effectively.3% To do this, pharmacists must work directly with systems engineers,
information scientists, and implementation scientists to design effective human interactions
with data-driven knowledge that support the PPCP and meet the needs of a larger learning
pharmacy practice.26:29.31,32

Contrasting current practice with a learning pharmacy practice

Table 2 provides examples in a before-and-after comparison for describing how the PPCP
unfolds today for an individual compared with how the PPCP would unfold in a future
where a learning pharmacy practice has been established. Although the PPCP shares
attributes with current and prospective applications in health care, the implementation of the
PPCP in a learning pharmacy practice routinely applies and develops data-driven decision
making in real time to help set tailored therapeutic goals, avoid unnecessary exposure to
medications, and monitor medication use outcomes. These objectives can only be achieved
when a learning pharmacy practice is achieved. Reinforcing this point, prediction is a
critical element that threads its way through every PPCP component in a learning pharmacy
practice. Although today, most pharmacists on the front lines executing the PPCP do

so without the benefit of any data-driven predictions, in a learning pharmacy practice,
pharmacists would enjoy data-driven knowledge about critical aspects of the patient’s past,
current, and future medication use.

Although each step of the PPCP is necessary to achieve a learning pharmacy practice,

the benefits are greatest at the critical planning step. Pharmacists accessing a patient’s
comprehensive medical profile have a suite of tools that support the pharmacist evaluating
the patient’s medication use and making care decisions with interpretable computer models.
Designed by teams of pharmacists and data scientists, these tools provide patient-specific
outcome predictions and treatment recommendations to help the pharmacist decide, for
example, which medication the patient should take for their worsening disease. Pharmacists
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can see the predicted improvement in the clinical outcome measures between drugs

and treatment options. An index that communicates patient-specific risk of adverse drug
reactions they may experience could also be available. Although these examples highlight
how a learning pharmacy practice can transform the profession, innovative knowledge tools
will be created as pharmacists collaborate with data scientists in the future.

Call to action for a learning pharmacy practice

Pharmacists can embrace this practice transformation and support it through the systematic
collection of data produced during PPCP interactions with all their patients. Pharmacy
leaders can support this idea by implementing care processes that tend to formalize PPCP
interactions and establish data-sharing procedures that allow for the aggregation and analysis
of these real-world medication use data. In addition, integration of pharmacy PPCP records
with health information exchanges can advance a learning pharmacy practice. Pharmacists
and researchers should be focused on generating useful predictive models and other results
that will offer needed insights from the data produced by PPCP interactions. It is essential
to upgrade our knowledge of medication use through high-performance computer modeling.
Pharmacists should have adequate training in the interpretation of novel predictive models
and design strategies to facilitate use of that best practice knowledge for individual patients
during PPCP interactions.

To have and maintain a learning pharmacy practice, we anticipate that as a core and
permanent part of every pharmacist’s professional practice, pharmacists who provide direct
patient care and execute the PPCP would be given some protected work-time during each
week, each month, or each year, allowing them to participate in crucial activities needed to
support continuous learning. These activities focus work on data standards, data use policy
and ethics, conducting data science and analytics, communicating user-centered analytical
results through graphical display, and implementing continuous practice improvement. For
this to happen, professional societies must promulgate corresponding policies, state health
codes must be amended to require that pharmacists devote some portion of work-time away
from direct patient care to support the process of continuous learning, and federal policies
must be aligned accordingly.

Conclusion

A learning pharmacy practice has the potential to revolutionize the profession of pharmacy
and pave the way for achieving the Quintuple Aim. The purpose of a learning pharmacy
practice is to gain and sustain population health improvements by systematically and
precisely optimizing individual medication use in an equitable manner on a global scale.

A learning pharmacy practice positions pharmacists as health care providers who conduct
the PPCP, as drug experts who guide medication use analytics, and as producers and

users of medication use predictions and knowledge. Ultimately, the use of a learning
pharmacy practice will be tested on severe, relentless problems of patient safety, quality,
and effectiveness. We believe that going for a continuous learning approach for the future of
pharmacy practice will result in pharmacists and patients collaboratively demonstrating the
value of a learning pharmacy practice in terms of useful predictions, more rapid production
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knowledge, better health outcomes, more equitable care, improved patient experience,

increased pharmacist well-being, and lower costs.
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Key Points
Background:
. Pharmacists have critical new roles to develop and play as practice is
transformed by data.
. The collection and analysis of big data is bringing useful predictive models
into pharmacy practice.
Findings:
. A learning pharmacy practice is one that continually generates generalizable

data-powered discoveries from patient care activities to improve our
medication knowledge and help all people to achieve optimal health
outcomes.

. Pharmacists must establish a learning pharmacy practice to learn from every
patient.
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PRCR
Records

Pharmacists
and Analysts

Figure 1.
A learning pharmacy practice enabled by PPCP in support of continuous learning.

Abbreviation used: PPCP, pharmacists’ patient care process.
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Table 1

Definition of a learning pharmacy practice

A learning pharmacy practice is one that continually generates generalizable data-powered discoveries from patient care activities to improve
our medication knowledge and help all people to achieve optimal health outcomes.

J Am Pharm Assoc (2003). Author manuscript; available in PMC 2023 January 15.
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