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ABSTRACT

For much of the past century, healthcare benefit systems have been built on a logical
but ultimately flawed assumption: that what works for most patients will serve any
given patient well enough. My two decades of experience implementing health
information technology across payer, hospital, and insurance environments have
repeatedly exposed just how costly that assumption is in practice. Patients are
prescribed medications their bodies cannot metabolize correctly. Others are denied
therapies that genomic evidence would clearly support. These are not edge cases
they are everyday failures baked into benefit architectures that treat biological
individuality as an inconvenience rather than a clinical reality.

This paper examines how artificial intelligence, applied through the framework of
personalized medicine, can change that. Specifically, it focuses on five areas where
the integration of genomic intelligence into Patient Benefit Management systems
produces measurable clinical and financial improvement. The first is the foundational
case for precision benefit design documenting how population-averaged systems
generate preventable harm and unnecessary expenditure. The second covers
pharmacogenomics as the most immediately usable dimension of personalized
benefit management, including genomic formulary design, pharmacogenomic prior
authorization, and precision step therapy. The third addresses clinical decision
support at the prescribing interface, particularly genomic-aware electronic health
record integration, machine learning drug utilization review, and genomically
targeted care management. The fourth examines implementation architecture
federated data integration, regulatory compliance with the Genetic Information
Nondiscrimination Act and the Health Insurance Portability and Accountability Act,
and the organizational change management that determines whether these systems
actually get used. The fifth presents a value measurement framework covering clinical
outcomes, return on investment, and health equity.

The published data are encouraging. Pharmacogenomic formulary optimization has
been shown to reduce adverse drug event hospitalizations by 27 to 34 percent.
Biomarker-guided prior authorization reduces inappropriate denials by 34 percent
while improving clinical appropriateness. Genomic care management programs
improve chronic disease control metrics by 23 to 38 percent across cardiovascular,
metabolic, and psychiatric populations. Return on investment timelines of 8 to 18
months place these programs within reach for payers willing to build the underlying
data infrastructure. The paper closes by examining what comes next cell and gene
therapy benefit management, generative artificial intelligence for member

engagement, and digital therapeutics coverage design.

Keywords: Personalized Medicine, Patient Benefit Management,

Pharmacogenomics, Precision Formulary, Genomic Decision Support, Biomarker-

Guided Authorization, Predictive Benefit Optimization, Health Equity.
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Introduction

| have spent more than twenty years working at the
intersection of information technology and
healthcare administration first in banking systems,
then in insurance platforms, and for the last decade
primarily in clinical health IT. That vantage point
gives me an unusual perspective on the problem
this paper addresses. Benefit management
systems, at their core, are information processing
systems. They take inputs diagnoses, prescriptions,
clinical histories and apply decision rules to
produce coverage outputs. The problem is not
their architecture. The problem is the information

they are missing.

Standard formulary decisions are built on
population-level clinical trial data trials that enroll
relatively homogeneous patients and report
average treatment effects. A drug showing a 30
percent average response rate in a trial may
achieve 70 percent response in genomically
defined responders while producing only 5 percent
response in non-responders. Benefit systems that
cannot distinguish between these two groups are
not just inefficient. They cause harm. Adverse drug
reactions tied to pharmacogenomic
incompatibilities account for more than 100,000
deaths per year in the United States and contribute
to an estimated $528 billion in wasteful healthcare
spending.'?

Step therapy protocols compound the problem. A
patient who is a cytochrome P450 2Dé6 poor
metabolizer has virtually no prospect of converting
codeine to its active form yet benefit systems
routinely require such patients to fail on codeine
before accessing hydromorphone. This is not a
matter of clinical judgment. It is a genomically
predictable outcome that precision benefit design
could prevent before the first prescription is
written. Genetic polymorphisms in the cytochrome
P450 enzyme family affect metabolism of roughly
one in four prescribed medications, yet fewer than
a third of health plans have begun integrating this

information into coverage decisions.

The goal of this paper is to make the case
grounded in implementation evidence and clinical
data that the tools now exist to do better. Artificial
intelligence can process the genomic, biomarker,
and clinical data necessary to individualize benefit
management decisions at population scale. The
question is no longer whether this is technically
feasible. It is whether health systems have the
organizational will and infrastructure to implement
it.

The Gap Between Benefit Design and

Patient Biology

When | first began working with pharmacy benefit
management platforms in the early 2000s, the
systems were genuinely impressive in their
administrative  sophistication  claims  routing,
formulary tier logic, step therapy rule engines.
What struck me over time, though, was how little
of that sophistication touched the underlying
clinical question of whether a given patient would

actually respond to the therapy being covered or
denied.

The evidentiary foundation of most formulary
decisions is the randomized controlled trial. That is
entirely appropriate as a starting point. The
problem arises when population-average trial
results are applied as if individual patients were
population averages. They are not. A patient's
CYP2C19
determines how they will process clopidogrel,

metabolizer status fundamentally
omeprazole, or citalopram yet formulary coverage
for all three is routinely designed without any

reference to that genetic reality.*s

Social determinants add another layer. Treatment
adherence, access to preventive care, and the pace
of chronic disease progression all vary
systematically across socioeconomic populations
in ways that uniform benefit designs do not
accommodate. A precision benefit platform that
incorporates genomic data but ignores social risk
factors will produce better outcomes than the

status quo but it will still fall short of what is
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achievable when both biological and social

determinants are integrated into coverage design.?

Why This s
Achievable

The human genome cost approximately $2.7

Now Technically

billion to sequence for the first time. Today, whole-
genome sequencing runs under $200. That cost
trajectory has fundamentally changed what is
possible in clinical genomics and by extension, in
benefit management. Pharmacogenomic panel
tests covering the most clinically actionable gene-
drug interactions are now available at price points
that make payer-funded preemptive testing
economically  defensible,  particularly ~ when
modeled against the downstream costs of the
adverse events and treatment failures they

prevent.?

Machine learning has matured in parallel. Models
trained on integrated genomic, claims, and
outcomes  datasets can  now  generate
individualized treatment response predictions with
clinical validity not as research outputs, but as
production  systems embedded in  prior
authorization workflows and electronic health
record prescribing interfaces. Natural language
processing components extract clinical justification

from authorization requests and cross-reference it

against pharmacogenomic profiles in seconds.
These are not theoretical capabilities. Several large
integrated delivery networks have deployed them,
and the outcome data from those implementations

anchor the claims made throughout this paper.

Market and Strategic Context

The global precision medicine market reached
$96.1 billion in 2023 and is growing at roughly 11.5
percent annually through 2030 a trajectory driven
by the
specialty

proliferation of biomarker-stratified

therapies, companion  diagnostic
requirements, and gene therapies that benefit
management systems built for small-molecule

drugs were never designed to handle.’

Health plans that fail to modernize their benefit
architectures in response to this shift face a
compounding problem. Non-responder
expenditure on high-cost specialty therapies that
genomic evidence would have predicted to be
ineffective is not just clinically harmful it is
financially corrosive. Payers that integrate precision
benefit capabilities will progressively outperform
those that do not, both on clinical quality metrics
and on total cost of care. That competitive dynamic
is already visible in markets where precision-
benefit

differentiating factor in employer plan selection.*

capable design has become a
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Patient Benefit
Management
Function

Traditional

Approach

Formulary Design  Population-
averaged tier
placement

Prior Authorization  Uniform clinical

criteria applied to

Personalized Medicine
Approach
Genomic  responder-
stratified coverage

Biomarker-

contextualized

all individual review

Step Therapy Fixed drug Pharmacogenomic-
sequencing guided first-line
protocols selection

Drug  Utilization Rule-based Al pharmacogenomic

Review interaction interaction analysis
checking

Specialty Drug
Coverage

Diagnosis-based

authorization only

Companion diagnostic-

linked authorization

Measured

Improvement

41% improvement in
therapeutic
appropriateness

34% reduction in

inappropriate denials

31% reduction in
treatment failure rates

27% reduction in

adverse drug events

52% improvement in

response rate

prediction

Table 1. Transformation of Core Patient Benefit Management Functions Through Personalized Medicine

Integration.4,6,7

Pharmacogenomics and Precision

Formulary Design

Of all the domains where personalized medicine
benefit
pharmacogenomics is the one where the evidence

intersects with management,

base is most mature and the path to
implementation most clearly defined. The United
States Food and Drug Administration has placed
pharmacogenomic guidance in the labeling of
more than 350 drugs a body of regulatory science
that provides a legitimate, defensible foundation
for genomically informed formulary decisions that

did not exist a generation ago.’

The clinical case rests primarily on the cytochrome
P450 enzyme system. Polymorphisms in CYP2D6,
CYP2C19, CYP2C9, and CYP3A4 affect the
metabolism of roughly 25 percent of all
medications currently on the market. A patient
classified as a poor metabolizer for CYP2D6
standard dose of a

prescribed a tricyclic

antidepressant  will accumulate the drug to

potentially ~toxic concentrations. A patient
classified as an ultrarapid metabolizer for the same
enzyme will clear it too quickly to achieve any
therapeutic effect. Both outcomes are genomically
predictable. Both are, in the absence of
pharmacogenomic benefit integration, entirely

avoidable.

Genomic-Stratified Formulary

Architecture

In my experience advising health technology
implementations, one of the most persistent
structural problems in formulary management is
the completeness illusion the sense that because a
formulary is built on published clinical trial data, it
is therefore clinically rigorous. It is rigorous for
populations. It is often quite poor for individuals.

Genomic-stratified formulary design introduces a

missing  dimension: individual response

probability. Instead of assigning drugs to tiers
based solely on population-level efficacy and cost
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data, a precision formulary incorporates
pharmacogenomic profile information to estimate
the likelihood that a specific patient will respond,
will experience toxicity, or will metabolize a drug at
a therapeutically appropriate rate. The resulting
coverage tiers look similar from the outside but the
routing logic

different.s?

underneath is fundamentally

The Vanderbilt Medlical
preemptive pharmacogenomic testing program is

University Center
the most extensively documented large-scale
implementation of this approach. Patients received
comprehensive pharmacogenomic profiling before
initiating therapy, with results embedded directly
in the electronic health record prescribing
workflow. The program achieved a 27 percent
reduction in adverse drug events and a 31 percent
improvement in treatment response rates. For a
benefit management organization, those numbers
translate into a concrete reduction in adverse event
hospitalizations a cost category that averages
between $13,000 and $21,000 per event and a
meaningful improvement in the therapeutic value
delivered per dollar of formulary expenditure.’

Pharmacogenomic Prior

Authorization

Prior authorization has become one of the most
contested administrative processes in American
healthcare. Clinicians find it burdensome. Patients
find it obstructive. Payers defend it as a necessary
cost-management tool. All three groups are right,
in their own way but the current system is failing all
of them simultaneously. Authorization criteria are
applied identically to patients whose genetic
profiles predict vastly different outcomes from the
same drugs. The result is a process that is
simultaneously too  permissive  (authorizing
therapies for genomic non-responders) and too
restrictive (blocking genomically indicated first-line
access for patients whose profiles clearly support

it).™

Pharmacogenomic decision support integrated
into the authorization workflow changes this
calculus. Machine learning models trained on
linked genomic, claims, and outcomes data
generate patient-specific authorization
recommendations that account for predicted
therapeutic response probability, anticipated
adverse event risk, and the clinical appropriateness
of step therapy requirements given each patient's
metabolizer  phenotype.  Natural  language
processing components extract clinical justification
text from authorization submissions and cross-
reference it against pharmacogenomic profile data
flagging cases where standard step therapy criteria
are genomically contraindicated and enabling
automated approval for genomically supported

first-line access.on

Published implementation data show a 34 percent
reduction in inappropriate denials through

pharmacogenomically informed  authorization.
Equally important, these systems reduce provider
administrative burden by routing genomically
straightforward authorizations through automated
approval pathways freeing clinical reviewer
capacity for the genuinely complex cases that

warrant careful human evaluation.™

Precision Step Therapy and Genomic

Exception Processing

Step therapy is a reasonable concept that becomes
unreasonable in its application the moment a
patient's pharmacogenomic profile makes the
required first-line drug clinically inappropriate.
There is no clinical rationale for requiring a patient
with documented thiopurine methyltransferase
deficiency to begin azathioprine and demonstrate
myelosuppression before accessing an alternative
immunosuppressant. There is no rationale for
requiring a CYP2Dé6 poor metabolizer to fail on
codeine. Yet both scenarios occur routinely under
uniform step therapy protocols that take no

account of genomic context.2"
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Precision step therapy platforms address this by
building patient-specific pathway algorithms that
integrate pharmacogenomic profiles, relevant
biomarker data, and clinical history. Patients whose
genomic profiles indicate clinical contraindication
to a formulary-required step drug receive
automated pathway exceptions without having to

demonstrate treatment failure, without provider

appeals, and without the weeks of delay that
manual exception processes typically impose. The
equity
exception systems disproportionately benefit

implications are significant:  manual
patients with access to informed advocates.
Automated genomic exception processing delivers

the same protections consistently across the entire

covered population.

Patients  With ) .
) Patient Benefit Management
Drug Class Relevant Genes Actionable
) Impact
Variants
Antidepressants CYP2D¢, 38% of patients ~ Genomic first-line
CYP2C19 authorization reduces
treatment failure by 31%
Anticoagulants CYP2C9, 42% of patients Precision dosing authorization
(Warfarin) VKORCT1, reduces bleeding events by
CYP4F2 43%
Proton Pump CYP2C19 29% of patients Dose optimization reduces
Inhibitors non-response and cost by 24%
Antipsychotics CYP2D6, 33% of patients Genomic formulary routing
CYP3A4 reduces adverse drug reaction
hospitalizations by 38%
Statins SLCO1B1, 21% of patients Myopathy risk-stratified
CYP3A4 formulary reduces toxicity by
27%
Opioid Analgesics  CYP2D6, 47% of patients Genomic step therapy
OPRM1 prevents 39% of analgesic

adverse events

Table 2. Pharmacogenomic-Informed Patient Benefit Management Interventions by Drug Class.3,9,11

Decision

Support and
Benefit

Clinical
Biomarker-Guided

Authorization

The gap between what genomic science can tell us
about a patient and what actually happens at the
point of prescribing is, in most health systems
today, enormous. Pharmacogenomic test results sit
in laboratory reports that clinicians rarely consult
when writing prescriptions. Biomarker data from
oncology workups fails to propagate into

pharmacy benefit authorization systems. The result

is that actionable

information exists in the record but exerts no

individually biological

influence on coverage or prescribing decisions.

Closing that gap requires clinical decision support
that brings genomic and biomarker intelligence
into the clinical workflow at the moment it matters
when a prescription is being written or an
authorization request is being reviewed. The
technical architecture for this exists. What
determines whether it succeeds in practice is the
quality of the clinician interface and the degree to
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which clinicians trust and engage with the

recommendations it surfaces.?

Genomic-Aware Electronic Health
Record Integration
Conventional integration between electronic

health records and pharmacy benefit management
platforms delivers formulary tier status and
estimated patient out-of-pocket cost at the point
of prescribing. That is useful information but it is
incomplete information. It says nothing about
whether  the  formulary-preferred  drug is
pharmacogenomically appropriate for the specific

patient in front of the clinician.”

Genomic-aware integration adds a layer: real-time
pharmacogenomic decision support presenting
the patient's relevant metabolizer phenotypes,
alerts to genomically contraindicated dosing,
identification of formulary alternatives with
superior genomic compatibility, and a preview of
the prior authorization pathway for the selected
therapy based on biomarker profile. Published
data from systems implementing this architecture
show a 23 percent reduction in inappropriate
prescribing, a 34 percent decrease in prior
authorization administrative burden, and a 29

percent improvement in formulary compliance.

The critical design variable is explainability. In my

observations  of clinical  decision  support
implementations across several health systems, the
single most reliable predictor of sustained clinician
adoption was not algorithmic accuracy it was
whether the recommendation came with an
understandable rationale. Clinicians are trained to
exercise independent clinical judgment. They do
not and should not simply comply with opaque
algorithmic outputs. Decision support systems that
cite specific genetic variants, underlying
pharmacokinetic studies, and evidence-grading
frameworks achieve substantially lower override
rates than

systems that present only a

recommendation without explanation.

Biomarker-Linked Specialty Drug and

Oncology Coverage

The most economically consequential area where
biomarker intelligence is currently missing from
benefit management is specialty oncology.
Immuno-oncology checkpoint inhibitors, targeted
kinase inhibitors, and gene therapies are approved
with specific companion diagnostic criteria that
define the patient populations in whom clinical
benefit is established. A payer that authorizes
these drugs based on diagnosis alone without
requiring companion diagnostic confirmation is
funding treatments in patients for whom the clinical

evidence base explicitly does not apply.™

Artificial intelligence platforms that link laboratory
information systems, genomic sequencing results,
and benefit authorization workflows can deliver
coverage determinations tied directly to validated
biomarker status. For programmed death-ligand 1
and  tumor  mutational burden-stratified
immunotherapy, epidermal growth factor receptor
and anaplastic lymphoma kinase-linked targeted
therapy, and human epidermal growth factor
receptor 2-dependent treatment access, these
integrated systems can deliver same-day coverage
determinations  eliminating delays that, in

oncology, genuinely affect survival outcomes.™

Real-world evidence engines running alongside

companion  diagnostic  integration  systems
continuously monitor post-market biomarker-
outcome data to keep formulary coverage criteria
current as evidence accumulates. In a field moving
as rapidly as oncology, static annual formulary
review cycles are inadequate. Dynamic evidence
engines that update coverage criteria in response
to emerging real-world data are not a luxury they

are a clinical necessity.”'s

Precision Care Management for High-

Risk Populations

Care management programs consume significant

payer resources and deliver highly variable returns.

© 2026 European Society of Medicine 7



Much of that variability comes from risk
stratification quality. Programs built on claims-
based risk scores identify high-cost patients
retrospectively after the expensive events have
already occurred. Genomic risk stratification offers
the  possibility of genuinely  prospective
identification, targeting patients whose biological
profiles indicate elevated risk for future high-cost

events before those events happen.¢

Polygenic risk scores for cardiovascular disease
now identify approximately 8 percent of the
general population carrying disease risk three
times or greater above the population average
comparable  in  magnitude to  familial
hypercholesterolemia but far more prevalent. A
benefit management program that uses this data
to eliminate cost-sharing barriers for early statin

therapy, structured lifestyle intervention coverage,

Benefit

Al Function Management

and enhanced cardiac monitoring for that 8
percent will generate downstream acute event cost
exceed the

reductions  that  substantially

investment in expanded preventive benefits.™

Artificial intelligence care management platforms

integrating genomic risk scores,
pharmacogenomic profiles, biomarker trends, and
data from connected monitoring devices enable
care plan customization at an individual level that
rule-based programs simply cannot achieve. The
published outcome differential a 28 percent
improvement in care plan adherence and a 31
percent reduction in preventable hospitalizations is
consistent with what | have observed in technology
deployments where care managers were given
genuinely individualized patient intelligence rather

than generic high-risk flags.2

Measured .
Clinical Outcome
Performance

Application

Genomic Electronic Point-of-care benefit

Health Record and prescribing
Integration guidance

Natural  Language Biomarker-
Processing contextualized  prior

Authorization authorization

Review
Predictive Genomic Care  management
Risk Stratification targeting

Machine  Learning Pharmacogenomic
Drug Utilization  interaction detection
Review

Companion Specialty drug
Diagnostic biomarker-linked

Integration Platform  authorization

94.7% 23% reduction in
pharmacogenomic  inappropriate
concordance prescribing
89.5% faster 34% reduction in

determination inappropriate

denials

3.2x improvement 31% reduction in
over standard preventable

clinical scoring hospitalizations

50% reduction in 27% reduction in

false negatives adverse drug events

Same-day 52% improvement
determination vs. in responder-
weeks manual concordant

coverage

Table 3. Artificial Intelligence Clinical Decision Support Performance Metrics in Precision Patient Benefit

Management Systems.6,12,13,14
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Implementation  Architecture and

Governance

| want to be direct about something that tends to
get glossed over in papers like this one: the gap
between a precision benefit management system
that works in a pilot study and one that works at
operational scale in a real health plan is significant.
| have seen technically excellent clinical Al projects
fail in production because the data integration was
fragile, the clinician interface created workflow
friction, or the governance framework could not
keep pace with regulatory developments.
Technical capability is necessary but not sufficient.
What follows is what | consider the non-negotiable
implementation foundations.

Data Infrastructure for Genomic and

Clinical Integration

Precision benefit management requires connecting
data domains that have historically operated in
complete isolation from one another: genomic and
molecular data from laboratory information
systems and sequencing platforms; clinical data
from electronic health records, claims, and
and  benefit
management data including formulary structures,

pharmacy dispensing systems;

authorization records, and utilization histories. The
integration must happen in real time a
pharmacogenomic alert that arrives three days
after a prescription is written is not a decision

support tool, it is a post-hoc audit finding.”

The technical standard for this integration is Health
Level 7 Fast Healthcare Interoperability Resources,
specifically the genomics implementation guide
that defines how variant data should be
represented and exchanged across systems.
Master patient matching algorithms capable of
linking a laboratory genomic result to the correct
record in the benefit

patient pharmacy

management system are more technically
challenging than they appear, particularly in multi-
payer environments where member identifiers are

not standardized. Getting this right is unglamorous

work, but it is the foundation everything else

depends on.”

Federated learning architectures deserve particular
attention for their role in addressing the population
diversity problem. Pharmacogenomic prediction
models trained predominantly on European-
ancestry cohorts which characterize most existing
genomic research databases produce
demonstrably less accurate predictions in patients
of non-European ancestry. Federated learning
enables model training across geographically and
demographically diverse health systems without
centralizing sensitive genomic data addressing the
accuracy gap while respecting the privacy
requirements that make centralized genomic data

aggregation legally and ethically complex.

Regulatory Compliance and Genomic

Data Governance

The regulatory landscape governing genomic data
in benefit management is more complex than it is
for standard clinical data, and the stakes of getting
it wrong are higher. The Genetic Information
Nondiscrimination Act is frequently misunderstood
in benefit management contexts. It does not
prohibit using pharmacogenomic data to inform
coverage decisions using CYP2C19 metabolizer
status to guide clopidogrel formulary routing is
entirely consistent with the statute. What it
prohibits is using genetic information to determine
eligibility, set premiums, or vary cost-sharing based
on genomic risk profile. That distinction is
important, and benefit management governance

frameworks must make it explicit.>"

The Health Insurance Portability and Accountability
Act treats identifiable

information with protections beyond those applied

individually genetic
to standard health information. State genomic
privacy statutes in California, New York, and a
growing number of other jurisdictions impose
additional requirements. The Food and Drug
Administration's Software as a Medical Device

framework applies to clinical decision support tools

© 2026 European Society of Medicine 9



that incorporate genomic artificial intelligence
creating validation, transparency, and post-market
surveillance obligations that benefit management
technology vendors and deploying organizations

must both satisfy.”7

Perhaps the most important governance
commitment is a prospective algorithmic bias
assessment program. A precision benefit
management system that performs well for
patients of European ancestry and poorly for
patients of South Asian, African, or Latino ancestry
does not represent a neutral or acceptable
baseline it actively worsens health equity outcomes
relative to a system that applies imperfect but
demographically  consistent  population-level
criteria. Bias assessment must be mandatory,
prospective, and tied to remediation requirements
that have real operational teeth.™

Clinician Engagement and

Organizational Readiness

| have watched technically sophisticated clinical
decision support tools fail in deployment because
the implementation team treated technology
adoption as a training problem rather than a trust

Technical

Implementation

Layer Requirement

problem. Clinicians do not resist decision support
because they cannot learn to use it. They resist it
when they do not trust what it is telling them, when
it disrupts rather than supports their workflow, or
when the recommendations arrive without context

they can evaluate independently.’®

Clinical stakeholder co-design is not optional.
Prescribers, pharmacists, care managers, and
patient advocates must be involved in designing
the interfaces, workflows, and communication
frameworks before systems go live not as
validation exercise, but as genuine collaborative
development. The resulting systems look different
from what would emerge from a pure technology-
led process, and they work substantially better in

practice.™

Continuous outcomes monitoring with feedback
loops connecting benefit decisions to clinical
outcomes is the mechanism by which precision
benefit management systems earn sustained
clinician  confidence  over  time. Early
implementations should be designed with this
feedback architecture built in from the start not
retrofitted after deployment when the skeptics are

asking for evidence.

Governance

Success Metric

Requirement

Genomic Data HL7 FHIR Genomics

Integration Implementation
Guide, variant data
normalization

Federated Differential privacy,

Learning secure gradient

Platform aggregation

Electronic Health Real-time API, sub-2-

Record second latency
Integration

Prior Natural language
Authorization processing

Engine extraction,

patient

Institutional

oversight, data use

GINA compliance, 100%

consent pharmacogenomic
framework data availability at
point of authorization
review Model performance

parity within 3% across

agreements

FDA Software as a
Medical
compliance,

Device

complete audit trails

Appeals

documentation,

© 2026 European Society of Medicine

participating sites

Less than 15% clinician
alert override rate

34%  reduction in

inappropriate denials

10



explainable Al
rationale generation

Equity and Bias Population-stratified
Monitoring performance

analytics

Disparity

protocols

prospective bias
monitoring

reporting  Less than 5%

cadence, remediation  performance

differential across

demographic groups

Table 4. Precision Patient Benefit Management Implementation Architecture Requirements.3,13,18

Value Measurement: Clinical,

Economic, and Equity Outcomes

Any serious proposal for transforming benefit
management architecture needs to account for
return on investment with the same rigor it applies
to clinical outcomes. In my experience, precision
medicine initiatives that focus exclusively on
clinical value metrics lose momentum at the
budget table. Those that can demonstrate
economic viability alongside clinical improvement
are the ones that get funded, scaled, and
sustained.

Clinical Outcomes Measurement

Isolating the clinical impact of benefit design
changes from the noise of concurrent clinical
interventions is genuinely difficult. The most
defensible methodology for this is a quasi-
experimental design comparing outcomes in
patients receiving precision benefit interventions
against  propensity-matched  controls  on
conventional benefit management controlling for
comorbidity burden, clinical complexity, and social
determinants of health. This approach cannot
eliminate all confounding, but it is substantially
more rigorous than before-after comparisons that

cannot account for secular trends.¢

The published outcome data from implemented
benefit
consistent across multiple sites: adverse drug

pharmacogenomic programs  are
event hospitalization rates fall by 27 to 34 percent;
precision step therapy programs reduce treatment
failure rates by 28 to 31 percent; genomic care
management programs improve chronic disease

control metrics by 23 to 38 percent across

cardiovascular,  metabolic, and  psychiatric
populations; and biomarker-linked specialty drug
authorization achieves a 52 percent improvement
in concordance between treatment selection and

validated responder biomarker status.2¢*

Economic Return on Investment

The economic model for precision benefit
management investment has three main
components. First, direct cost savings from
avoided adverse drug event hospitalizations
averaging $13,000 to $21,000 per event. Second,
cost avoidance through  biomarker-guided
prevention of non-responder specialty drug
expenditure averaging $45,000 to $180,000 per
course of inappropriate high-cost therapy. Third,
administrative efficiency gains from automated
prior authorization and drug utilization review
processes, which reduce per-transaction costs by
30 to 45 percent and redirect clinical reviewer time

toward genuinely complex cases.*”

Healthcare payers that have implemented
pharmacogenomic benefit programs report return
on investment timelines of 8 to 18 months. That is
not a fast payback by the standards of many health
plan technology investments it is a very fast
payback, comparable to conventional benefit
optimization investments but with compounding
long-term returns as genomic data assets
accumulate and benefit designs improve through

real-world evidence feedback loops.*

Health Equity Imperatives

It would be irresponsible to write a paper

advocating precision benefit management without

© 2026 European Society of Medicine 11



being direct about its equity risks. A precision
benefit system trained predominantly on data from
patients of European ancestry will produce more
recommendations  for

accurate patients  of

European  ancestry and  less  accurate
recommendations for everyone else. That is not a
hypothetical concern it is an empirically
documented pattern in existing genomic research
databases that will reproduce itself in precision
benefit systems built on those databases without

deliberate corrective action.®

The corrective actions are identifiable and

implementable. Training data diversity

Outcome Domain Primary Metric

Precision

Management

requirements must be explicit and enforced.
Genomic testing must be covered as a benefit for
all qualifying patients, not available only to those
who can afford out-of-pocket expenditure.
Population-stratified outcome monitoring must be
built into every precision benefit implementation
as a standing operational requirement not a one-
time validation exercise. And when monitoring
reveals performance disparities, the governance
framework must have clear escalation pathways
that produce actual remediation on defined

timelines.™

Benefit
Measurement Design

Adverse Drug Adverse drug
Events reaction

hospitalization

rate
Treatment First-line therapy
Response response rate

Specialty Drug Non-responder
Value specialty drug
expenditure

Preventive Care High-risk  acute

event rate

Administrative Per-authorization

Efficiency processing cost

Health Equity Cross-
demographic

outcome parity

27-34% reduction

31-41%

improvement

38-52% reduction

23-29% reduction

30-45% reduction

subgroup disparity

Impact

Propensity-matched
longitudinal cohort

analysis

Claims-linked biomarker-

outcomes analysis

Biomarker-stratified

utilization analysis

Genomic  risk-stratified

intervention study

Process time-motion

cost analysis

Target: less than 5%  Population-stratified

outcome

dashboard

monitoring

Table 5. Precision Patient Benefit Management Value Measurement Framework.2,4,6,7,18

Future Directions

Three developments on the near-term horizon

warrant  serious  attention  from  benefit
administrators planning their precision medicine
integration roadmaps. Each represents a distinct
expansion of the precision benefit management

challenge and of the opportunity.

Cell and Gene Therapy Benefit

Management

Cell and gene therapies represent the most

technically ~ demanding  precision  benefit
management challenge arriving in the near term.
Per-patient costs ranging from $300,000 to over $3

million require benefit systems capable of genomic

© 2026 European Society of Medicine 12



eligibility determination, outcomes-based contract
administration, amortized payment structure
management across multi-year benefit periods,
and long-term clinical outcome monitoring that
extends well beyond the acute treatment

episode. ™

The question of genomic eligibility is both a clinical
and administrative challenge. A gene therapy
indicated for patients with a specific loss-of-
function variant requires benefit management
infrastructure  capable of confirming variant
pathogenicity through a validated laboratory result
not simply accepting a diagnosis code. Building
that confirmatory infrastructure before the therapy
pipeline matures further is, in my view, one of the
benefit
management organization can make right now.

highest-priority investments a

Digital Therapeutics and Adaptive

Coverage

Prescription digital therapeutics software-based
interventions with clinical evidence supporting
their use in specific patient populations present a
coverage design challenge that conventional
benefit management frameworks handle poorly.
The therapeutic mechanism of a digital therapeutic
is fundamentally different from a drug:
engagement intensity, feature utilization patterns,
and real-time behavioral data determine outcomes

in ways that static clinical criteria cannot capture.”

Artificial intelligence adaptive coverage systems
that adjust digital therapeutic authorization based

on real-time patient engagement data and
biomarker response indicators represent a
genuinely novel benefit design category. Several
early implementations are underway, and the
outcome data emerging from them will shape how
the industry approaches this coverage challenge

over the next few years.

Generative Artificial Intelligence for

Member Engagement

The most underappreciated gap in current
precision benefit implementations is member
communication. A patient who does not
understand why their coverage was personalized to
their genetic profile or who does not know that
genomic testing is a covered benefit that could
change their treatment options cannot be an active
participant in their own precision care pathway.
That communication gap limits program uptake
and, ultimately, limits the clinical value that
precision benefit design can deliver.s

Generative artificial intelligence systems capable
benefit
determinations in plain language addressing each

of  explaining  pharmacogenomic
member's specific situation, answering follow-up
questions in real time, and communicating
genomic risk information in ways calibrated to
health literacy and cultural context represent a
significant near-term opportunity. Early
implementations have linked these capabilities to
meaningful improvements in preventive care
utilization rates among members who previously

disengaged from benefit communications entirely.s

© 2026 European Society of Medicine 13



Benefit Management

Emerging Capability

Readiness

Horizon

Expected Impact

Application

Genomic Foundation Population-scale variant

Models benefit impact
modeling
Cell and Gene Genomic eligibility and

Therapy Platforms outcomes-based

contract management

Digital Twin Patient Individual treatment

Models response simulation for
prior authorization
Generative Al Personalized genomic

Member Engagement  benefit communication

2-3  years to
clinical

deployment

Early
commercialization

underway

3-5 years to broad
deployment

1-2  years to

Transformative
formulary
optimization
depth

Sustainable high-
cost therapy
benefit

management

Pre-authorization
outcome

prediction

2-3x

Quantum-Classical

Optimization

Ultra-large-scale benefit

design optimization

production improvement  in

readiness precision benefit
program
activation

Multi-variable
benefit

5-10 year horizon
design
capability
breakthrough

Table 6. Emerging Precision Patient Benefit Management Technologies: Applications, Readiness, and Expected

Impact.5,7,14

Conclusion
Twenty years in healthcare information technology
has given me a particular

Most

described as transformative turn out to be

perspective on

transformation  claims. technologies
incremental improvements to existing processes.
The integration of personalized medicine
principles specifically genomic intelligence and
pharmacogenomic decision support into benefit
management architecture is one of the rare cases
label

where the transformation is genuinely

warranted.

The core argument of this paper is straightforward:

benefit management systems that cannot
distinguish between a patient who will respond to
a therapy and one who will not are failing both
those patients and the payers who fund their care.

The tools now exist to make that distinction at

scale, in real time, within the clinical and

administrative workflows where coverage decisions
published
implementations that have deployed those tools is

are made. The evidence from
consistent and compelling: meaningful reductions
in adverse drug events, treatment failures, and
inappropriate high-cost therapy expenditure, with
return on investment timelines that make the

business case defensible.

What stands between current benefit management
practice and the precision-enabled alternative
described

technology gap it is an infrastructure gap, a

in this paper is not primarily a

governance gap, and in some cases an
organizational will gap. The health plans and
benefit administrators that close those gaps
data

foundations, developing the clinical stakeholder

systematically building the integration

© 2026 European Society of Medicine 14



trust required for sustained adoption, and
establishing the equity-centered governance
frameworks that prevent precision benefit tools
from amplifying existing disparities will be

positioned to deliver benefit systems that are

genuinely as individual as the patients they serve.
That is not an aspiration. It is an achievable near-
term operational reality for organizations prepared

to invest in it.

© 2026 European Society of Medicine 15
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