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ABSTRACT

Disease-treatment guidelines are most often implemented clinically as part
of comprehensive medication management to ensure patients receive the
most  effective and evidence-based care. Post-marketing
pharmacovigilance programs are the main source of medication safety
monitoring. However, pharmacovigilance programs have multiple problems
including underreporting of adverse drug events (ADEs), inconsistent
reporting standards, and difficulties in data analysis and interpretation
making it difficult to examine safety information. Patients with multiple
chronic diseases leading to polypharmacy are at an increased risk of
ADEs. There are various elements that constitute a successful approach
while balancing efficacy and safety including: 1) Medication-related
problems and ADE risk identification, prevention, and management; 2)
Interdisciplinary collaboration; 3) Beneficiary-centered personalized care;
4) Technology integration; 5) Outcome evaluation and quality
improvement; and 6) Pre-emptive pharmacovigilance studies by the virtual
addition of drugs to patients’ drug regimen. In conclusion, medications
generally enter the market with proven efficacy but often lack short- and
long-term safety information. A personalized transformative approach
leveraging innovative clinical science-based technology and medication
safety experience can create a more effective, patient-centered approach

to managing complex medication regimens, ultimately improving patient

safety and outcomes.
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Main text

We believe in a paradigm shift from promoting drug
adherence to achieve efficacy to promoting adherence
to a safe drug regimen: What if we make sure that the
entire drug regimen of patients with polypharmacy is safe,
appropriate and that there are no conditions predisposing
to adverse drug events (ADEs) that could be prevented,
before patient drug administration.

The path of medications under development by the
pharmaceutical industry, particularly in clinical phases
(Phases 1-1V), is focused on efficacy as required by
regulatory bodies. In the absence of evidence of
substantial benefits (efficacy) towards a targeted
condition or untoward adverse effects, the development
of the potential medication is ended and the search for
another lead compound is launched.!

Clinical trials fuel evidence-based medicine, marketing
strategies to health care providers and direct-to-
consumer information (in the United States of America),
that all play a significant role in promoting the benefits
of drugs and drug combinations for specific conditions.
Post-marketing, comprehensive medication management
is focused on the implementation of disease-treatment
guidelines published by scientific communities, clinical
experts or healthcare organizations to ensure patients
receive the most effective and evidence-based care.2-3
The missing link of data from most clinical trials is our lack
of understanding of drug safety in multi-drug regimens,
or polypharmacy, in patients with multiple chronic
diseases as those “real-world patients” are often
excluded from clinical trials and are not required for drug
regulatory approval.#  Thereby new drug approval
pharmacovigilance programs become a main source for
monitoring medication safety post-marketing.
Pharmacovigilance programs have multiple problems
including underreporting of ADEs, inconsistent reporting
standards, and difficulties in data analysis and
interpretation making it difficult to examine safety
information.5-¢

ADEs stem from a variety of factors including drug
interactions, inappropriate prescribing, medication
administration issues, and individual factors.”-8 ADEs are
a significant healthcare problem, contributing to
morbidity and mortality, increased healthcare costs, and
reduced quality of life.? ADEs lead to increased
healthcare services utilization, including hospitalizations,
emergency department visits, additional medical
appointments, medication-related interventions, indirect
costs, productivity losses due to missed workdays,
caregiver burden, diminished quality of life for
individuals and their families, physical discomfort,
psychological distress, functional impairment, and
decreased adherence to treatment regimen.? The
economic and personal burden of ADEs underscores the
importance of comprehensive safety medication
management to minimize these risks.

In contrast, managing ADEs, especially when
polypharmacy is present requires a more scientific-based
approach. When individuals take multiple medications,
it can be incredibly complex and the ability to understand

pharmacokinetics,  pharmacodynamics and  phar-
macogenomic interactions remain beyond reach of most
app-based programs.’®© A more centralized approach to
appropriate medication safety management is crucial for
effectively managing all the medications these patients
receive, including deprescribing and ensuring patient
safety.”’ Medication management can improve patients’
outcomes, reduce healthcare costs, enhance the quality of
care, and reduce ADEs by optimizing the safety and
efficiency of medication use and addressing any
potential issues or concerns.’?

There are various elements that could constitute a
successful approach while balancing efficacy and safety:
1. Medication-related problems and ADE risk
identification, prevention, and management.

Several risk scales have been developed over the years
to predict or assess various patients’ clinical outcomes. A
non-exhaustive list is presented in Table 1. From this list,
9 risk scoring systems consider, to some extent, the
presence of medications to predict various patients’
outcomes. These include ACG, CDS, the Naranjo scale,
Comorbidity-Polypharmacy, PADR-EC, BADRI,
GerontoNET, MedWise Risk Score and APPRAISE™,
APPRAISE solution fulfills the comprehensive list of
elements envisioned almost 10 years ago as constituting
the ideal advanced clinical decision support system.10
Patient-centric-based practices implemented to prevent
and manage medication-related problems and ADEs,
including robust medication reconciliation protocols,
personalized medication therapy management services,
and education initiatives mitigate risks and ensure optimal
medication use.

2. Interdisciplinary Collaboration: A  successful
approach emphasizes collaboration among
organizations, healthcare prescribers, pharmacists, and
other stakeholders to coordinate care and enhance
medication safety. The aim is to streamline medication
management processes, care coordination, and improve
beneficiary outcomes by fostering interdisciplinary
communication and teamwork. Further, local community
pharmacists’ engagement with patients when they present
medication fills and refills is central to optimal medication
use. However, adoption of telepharmacy practice can
bridge this engagement gap and play a crucial role in
improving patient health outcomes.

3. Beneficiary-Centered Personalized Care: A focus on
personalized patient-centered care should be part of a
successful approach.  Leveraging pharmacogenomic
testing and genotyping which are powerful tools can help
personalize complex medication regimens. Empowering
patients to take an active role in their treatment plans
and medication management is also important and can
lead to better health outcomes and increased satisfaction.
Patient education, counseling, and engagement initiatives
help promote medication adherence and foster
ownership over health decisions. Advanced training in
pharmacogenomics and the use of solutions considering
factors like phenoconversion and individualized patient
conditions are key for making appropriate medication
recommendations.
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Table 1. Common health outcome risk scores.

Adjusted Clinical Groups system (ACG) from Johns Hopkins Medicine based on age, gender, diagnoses, and available
medication data;

Hierarchical Conditions Categories (HCC) used by the Department of Health and Human Services (HHS) based on
ICD-10 coding. Since 2024, 115 HCCs are now considered;

Charlson Comorbidity Index score (CCI) uses ICD-10 and considers 17 categories, along with patients’ age and
gender, to predict patients’ survival and associated costs; i

Cumulative Index lliness Rating Scale (CIRS) which assesses the medical burden of chronic illness for adults in hospital
or ambulator care setting;"

Chronic Disease Score (CDS) is calculated using adults enrolled in a health maintenance organization plan and reviews
one year of pharmacy data to determine chronic disease status. It was first proposed by Von Korff in 1992 using
drugs as a proxy for outcomes, but was recently modified by lommi et al.;

DUke Severity lliness Checklist Index (DUSOI) which measures burden of illness as quantified by a primary care
physician;v

Length of stay, Acuity of admission, Comorbidities, Emergency department use Score (LACE) which attempts to predict
likelihood of a 30-day hospital readmission based on length of the hospital stay, acuity of admission, comorbidity,
and emergency department usage in the 6-months before admission;"i

Naranjo Scale which predicts the probability of an Adverse Drug Effect (ADE)."i This system is widely used in those
participating in clinical trials. This scale is very simple to reproduce as it consists of 10 yes or no questions to determine
risk. However, this method will likely remain limited to its setting in clinical trials research. The Naranjo scale does
not take into consideration drug-drug interactions. Also, since it is a questionnaire given to study participants, there
may be unknown biases in the answers.

Comorbidity-Polypharmacy can be used also to predict the probability of an ADE. Medications and known
comorbidities are considered to determine risk. In particular, elderly patients are more likely to have comorbidities
and resulting polypharmacy; this puts them at a higher risk of ADE and makes them a prime target population for
this tool. While this system uses medical diagnoses and pharmacy data, pharmacy data focuses on polypharmacy
and does not consider CYP450 or other enzymes, metabolic pathways, competitive inhibition for drug interactions.
Additionally, the number of drugs to be considered polypharmacy is not standardized, and this may lead to
inaccuracies and misrepresentations.ix

Prediction of Hospitalization due to Adverse Drug Reactions in Elderly Community-Dwelling Patients (PADR-EC) aims
to predict adverse drug reactions in patients aged 65 years and older.x This system relies on the CCl and the Naranjo
scale in making a score determination. The PADR-EC concludes that there are 5 predictors of an ADE related hospital
visit: usage of anti-hypertensives, dementia, renal failure, change in the patient’s drug regimen in the preceding 3
months, and regular use on an anticholinergic medication.

Brighton Adverse Drug Reaction Index (BADRI) model which focuses on older adult patients and aims to predict risk
of a patient developing an adverse drug reaction in a hospital setting.x Five different factors are considered,
including polypharmacy (defined as 8 or more drugs for this model), hyperlipidemia, elevated white blood cell count,
use of anti-diabetic medications, and a hospital stay of 12 or more days.

GerontoNET ADR.xi Like the BRADI model, the GerontoNET ADR model was developed to identify older adult patients
in a hospital setting who are at risk of developing an adverse drug reaction. This score considers polypharmacy (also
defined as 8 or more drugs), history of previous adverse drug reactions, and the presence of 4 or more comorbidities
(including liver disease, renal failure, depression. and heart failure). This model only considers medications
administered in the hospital, which may not accurately represent what is happening outside the hospital.

MedWise Risk Score.xii This score considers patient’s age, sex, and drug regimen. The score is broken down into
probability of an ADE and calculated from a patient’s risk for drug-induced Long QT Syndrome (LQTS), competitive
inhibition for 7 CYtochromes P450 (CYP450) isoforms, anticholinergic cognitive burden, sedative load, and substance
count. This system is limited as it does not consider a patient’s diagnoses or other medical conditions, drug-disease
interactions, drug transporters, pharmacogenomics, and several other factors.

APPRAISE (Actionable PolyPharmacy Risk Assessment Index for Safety and Equity).x¥ This index measure the
appropriateness of a drug regimen taking into consideration multi-drug interactions, more than 50 enzymatic enzymes
or systems, drug transporters (27), pharmacodynamic factors such as anticholinergic burden, risk of falls,
pharmacogenomics, and narrow therapeutic drugs. This is the most advanced clinical decision support system to assess
a drug regime in patients with polypharmacy.

4. Technology Integration: Leveraging healthcare

5. Outcome Evaluation and Quality Improvement:

technologies like electronic health records (EHRs) and
clinical decision support systems (CDSS) is key to enhance
medication safety through real-time alerts, medication
reconciliation tools, and data-driven actionable insights.
By harnessing the power of innovative technology and
science with the proper tool that considers the entire drug
regimen, not only using the antiquated one-drug-to-one-
drug drug interaction systems, the integration of such tool
can also more effectively identify and prevent
medication-related problems and ADEs.

Continuous monitoring and evaluation of interventions is
essential for measuring impact and driving quality
improvement. Performance metrics should be
implemented, conducting regular assessments and
refining strategies based on feedback and results to
ensure ongoing effectiveness.  This requires proper
documentation and coding such as more elaborated
SNOMED (Systematized NOmenclature for MEDicines)
codes for clinical pharmacy services.
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6. Pre-emptive pharmacovigilance studies by the
virtual addition of drugs to patients’ drug regimen.
Database rich real-world data for millions of individuals
can be used to simulate the impact of adding a drug to
the drug regimen of patients with various patient
characteristics. To assess the risk of ADEs, a fictitious claim
for the tested drug (or drug combination) could be added
to the actual drug regimen for each subject. Following
the addition of a drug, a new medication safety score
could be derived for each individual. These quasi-
mechanistic approaches allow for the prospective
estimation of risk, without exposing patients to drugs and
side effects. Quantitative analyses can be conducted for
sub-populations of patients which can provide valuable
insights into specific conditions that increase risk.

Science-driven, precision risk targeting and medication
risk reduction and optimization encompasses many of the
core tenets of standard medication management,
appropriate medication usage, improved adherence, and
overall enhancement of patient well-being. Advanced

medication safety needs to provide medication
reconciliation, personalized medication reviews, patient
education, outcome monitoring, and seamless care
coordination among healthcare providers. By optimizing
medication use and addressing potential ADE and
medication-related concerns, clinicians can improve
patients’ outcomes, reduce healthcare costs, and elevate
the quality of care.

In conclusion, medications generally enter the market and
our pharmacological armamentarium with proven
efficacy but often lack short- and long-term safety
information. A transformative approach to medication
risk reduction leveraging deep innovative clinical science,
technology and medication safety experience is essential,
especially in patients dealing with polypharmacy.
Combining strategies can create a more effective and
patient-centered approach to managing complex
medication regimens, ultimately improving patient safety
and outcomes.
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