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Abstract

In this work, the potential emergence of developing a DT for simulating and optimizing PBM workflows is analyzed within
healthcare ecosystem. The DT conceptual architecture simulates the end-to-end functioning of PBM (eg, formulary
management, claim adjudication, prior authorization, rebate processing and member services) digitally. Employing a 12-
month operational PBM data generated simulation model, the performance of workflow was assessed from five various
perspectives, including processing time, cost effectiveness, error rate, compliance rate and patient satisfaction. Experiment
results show that we manage to reduce the claim processing time by 31.4%, decrease the admin operation costs by 24.7%
and lower manual intervention errors by 42.1% through DT-based workflow optimization. Time to prior authorization
approval was 36.9% faster and time for formulary updates was 28.6% shorter for members thanks to real-time data exchange
and predictive analysis. System compliance accuracy also increased from 89.2 to 97.8%, thereby serving regulatory
requirement and audit preparation. Response time to patients served increased by more than one third (33.5 per cent), with
demonstrable impact on care availability and satisfaction. The results show that Digital Twin-based simulation offers
scalable, data-driven decision support for PBMs, to proactively optimize workflow, mitigate risk and provide operational
transparency. This study defines the DT technology as an innovative enabler for efficient, fault-tolerant and patient centered
PBM operations in contemporary healthcare systems.

Keywords: Digital Twin Technology, Pharmacy Benefit Management, Healthcare Workflow Optimization, Claims Processing
Simulation, Healthcare Digital Transformation.

1. Introduction

The explosive digitalization of healthcare infrastructures has heightened demand for smart data-driven solutions that can
optimize operational processes, compliance management and patient care. Pharmacy Benefit Management (PBM) is one of
the most important, but challenging aspects of health care management and plays a central role in managing prescription
drug benefits, drug costs and providing access to vital treatments for patients. PBM processes consist of several,
interconnected procedures from formulary design to claims adjudication and prior authorization; rebate administration;
member services—each characterized by high volumes of transactions under significant regulatory scrutiny [1]. However, in
many PBM organizations, there remain inefficiencies due to siloed data systems, manual intervention and lack of predictive
functionality [2].With the ongoing migration to value-based care, PBM automation and optimization have become both a
tactical requirement and strategic goal for health systems. Ineffective PBM practices may affect delayed drug access, physician
administrative burden, higher payer costs and reduced patient satisfaction [3]. Conventional process optimization methods,
including rulebased automation, and after-the-fact analytics commonly do not have the capacity to dynamically simulate or
forecast system performance or how operational changes would affect inter-related workflows [4]. This technological gap
has further emphasized the importance of advanced simulation and decision-aiding methods integrating real-time
capabilities challenged to be resilient to the continuous evolution of healthcare scenarios.Digital Twin (DT) technology is the
catalyst thatis radically changing our approach to modeling, monitoring and optimizing complex systems by offering a virtual
copy of physical or operational processes. DT, originally developed in manufacturing and industrial engineering, has more
recently been increasing in popularity for healthcare applications such as hospital operations, medical device surveillance,
and patient-specific care modeling [5]. A digital twin is the seamless blending of continuous real-world data and simulation
models, allowing for predictive analysis, scenario testing and proactive decision making. When used in PBM systems, DT has
the potential to model end-to-end processes, recognize operational choke points and predict the impact of policy or process
change prior to real-world implementation [6].Digital Twin in PBM processes is relevant, because of the high level frequency
of transaction coverages, regulatory rigidity on decision making process in drug adjudication. PBMs are required to meet
dynamic health care legislations, price transparency mandates as well as audit practices and at the same time control costs
and maintain service qu ality [7]. Compliance-driven optimization - digital twins can help optimize workflows driven by
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compliance requirements, such as continually monitoring workflow performance, detecting anomalies and better tracking
down claims and authorization process. In addition, DT-powered predictive analytics can improve demand sensing, lower
the percentage of manual errors and support coordination among payers, pharmacies and healthcare professionals.While
interest in Digital Twin applications for healthcare setting has grown, little research has been done regarding its use in
workflow optimization for Pharmacy Benefit Management. Current research has mainly been visioning within clinical care
pathways, supply chain logistics and hospital resource management with a research gap in employing DT-driven simulation
for administrative and financial healthcare processes [8]. Closing such a gap is crucial to build digital transformation
strategies, which carry on beyond clinical settings towards the broader healthcare value chain.This gap will be filled by the
proposal of a Digital Twin-based framework for simulating and enhancing PBM workflows in the healthcare domain. The
objectives of the study are to model core PBM processes, assess workflow efficiency under alternative operating conditions,
and measure gains in productivity, accuracy, and customer responsiveness. Utilizing real-time data integration and
simulation-based intelligence, the proposed methodology aims to support PBMs in moving from reactive process management
towards proactive and intelligence-driven operation. Both theoretical knowledge and practical applications will benefit from
the findings of this research with implications for how Digital Twin technology can be used to improve transparency,
resilience, and patient-centric performance in today’s PBM systems.
2. Literature Review
Healthcare digital transformation has really driven the use of smart technologies to ensure we are using technology as
efficiently as possible in operations and administration. Previous researches stressed the necessity of infusing advanced data
analytics and automation in healthcare management systems to solve inefficiency, increased operational cost, and regulatory
complexity. Simulation-based approach in optimizing workflow the application of simulation to optimize workflow has been
provento enhance system transparency and decision support, especially in high volume transactional systems like healthcare
claims, benefits and administration. However, conventional simulation models have been known to work in isolation not
synchronizing with real-time data, implicating inefficiency of the system particularly in dynamic healthcare environments
[9]-Recent studies have emphasized the increasing relevance of Digital Twin technology as a model-based procedure to
describe complex systems, which is based on the continuous exchange of data among physical and virtual entities. Digital
twins have also been broadly used in industrial fields for predictive maintenance, performance optimization and risk control.
Ways forward New applications in healthcare, for which increasing examples of use are known, include hospital capacity
planning or monitoring of medical devices and patient flow. These papers showcase digital twins as enabling real-time
decision-making and scenario based analysis, with a focus on clinical use cases or infrastructure but its application is
primarily restricted to that domain [10].A number of studies have been conducted to investigate the potential application of
data driven simulation and predictive modelling in pharmacy operations - specifically pharmaceutical supply chains, stock
control management and drug dispensing operation. Simulation models have been useful to pinpoint blockages, reduce
dispensing time and enhance coordination of distributors with both pharmacies. However, there is relatively little focus on
the administrative pharmacy systems including Pharmacy Benefit Management workflows which require complex
interactions among various stakeholders namely payers, providers, pharmacies and regulatory agencies [11] .Studies of PBM
systems have generally concentrated on cost containment mechanisms, formulary optimization and pricing transparency.
Efficiency issues in the adjudication of claims, prior authorization, and rebates are widely featured in the literature as primary
drivers of administrative cost and patient delays to therapy. Although automated and rule-based systems have been
suggested to enhance PBM efficiency, they tend to be inadaptable e methods that overlook system-wide interaction across the
PBM workflow [12].The incorporation of artificial intelligence (AI) and machine learning (ML) to assist with administrative
responsibilities in the healthcare system has demonstrated prospects for improving fraud detection, compliance monitoring
and demand forecasting. Population-level models of predictive analytics have been utilized to detect anomalous claims
patterns as well as enhance accuracy of PA determination. Nevertheless, the majority of Al-based solutions work with
historical data and do not offer an ongoing feedback loop between actual operations in real-time and predictive simulations,
thus restraining them from supporting proactive workflow optimization [13].Digital Twin-based simulation frameworks
have been proposed to address these challenges, as it allows the system to be under continuous monitoring while a scenario
is being simulated in real time. The application of digital twins to healthcare logistics and hospital operations shows that they
can help reduce process variability, increase resource productivity, and foster systems resilience. Such results indicate that
DT models are a useful expansion to administrative health care systems (such PBM processes) and their feedback conditions,
where the real-time visibility and predictive control are vital [14].Regulatory compliance and auditability persist as a
significant challenge to PBM operations with the evolving healthcare policies and escalating requests for pricing
transparency. “The literature also suggests that compliance-based process improvement needs monitoring facilities for trace
workflow decisions and find deviations, in real time. Compliance approaches based on simulation have been proven effective
to decrease the audit risk, but it is limited by the static nature that cannot scale for complex PBM systems [15].The lack of
interoperability and fragmentation of data have also been identified as major hurdles to effectively managing PBM workflows.
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Research has highlighted that PBM systems are commonly based on dissimilar data sources such as pharmacy system, payer
databases and provider platforms, hence making exchange of the data slow and requiring manual input. In order to address
these challenges, digital platforms for real-time integration and system-level simulation are considered as the de facto tools
[16].Recent developments in cloud-based architectures for healthcare and micro-services have enabled the delivery of scale-
out simulation and analytics platforms. Studies have shown that cloud-based digital twins can enable high-throughput
transactional processing and real-time analytics, while maintaining data security and adherence to privacy policies. These
architectures are of particular interest for PBM systems, processing millions of claims on a daily basis and requiring the
flexibility offered by elastic computing resources [17].However, literature shows a research gap about using the technology
of Digital Twin to simulate end-end PBM workflow and optimize it. Most studies that exist are centered on isolated elements
or neighbouring healthcare fields, and very little empirical evidence is between them whether the DT-based PBM
optimization framework is effective [18].In addition, most of the existing works do not perform any quantitative analysis on
enhanced workflow efficiency after incorporating Digital Twin into healthcare management. Empirical studies are needed to
quantify performance, such as processing-time, error rate, compliance accuracy and service responsiveness in PBM systems
[19].To bridge these gaps, recent conceptual works propose coupling of digital twin models with predictive analytics and real-
time data streams for support in proactive, scalable and patient-centric operations. Yet, existing practical implementation and
validation with respect to PBM-specific cases are underdeveloped in this area [20], which consequently calls for new research
in this field.

3. METHODOLOGY

In this article, we take a multi-faceted simulation approach on how Digital Twin can be applied for optimization of the
Pharmacy Benefit Management process. Through a combination of real-world operational data and advanced modeling
methodologies, the study designs a virtual end-to-end counterpart [65] to PMB processes. The approach includes gathering
data from operational systems, building a Digital Twin framework, creating workflow simulation models, and performing a
structured analysis of performance enhancements along multiple axes. The research approach is quantitative experimental,
providing a control framework for analyzing workflow efficiency, cost saving, error reduction and service quality
improvement achieved through DT-based optimization. This section describes the systematic process applied both to design,
develop and validate the proposed DT framework from a system architectural point of view as well as from fundamental
methodological stages throughout the research.

3.1 Architecture of the Proposed System

The hypothesized architecture of Digital Twin-based PBM workflow optimization is developed into a multi-layer structure
including data input, real-time mirror and sync, simulation model and decision support. This architecture consists of five
elementary layers, which cooperate to provide the capability for holistic workflow monitoring and predictive analysis along
with optimization recommendations. The complete architectural design of the proposed Digital Twin system is shown in
Figure 1 which depicts a hierarchical architecture composed of layers and its interconnections. The Physical Layer is where
real PBM business logic resides such as claims systems, formulary databases, prior authorization platforms, rebate
management applications and member service portals. This layer produces transactional data, operations logs and
performance metrics which are used as input into the digital twin system.
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Architecture of the Proposed Digital Twin System for PBEM
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Figure 1: Architecture of the Proposed Digital Twin System for PBM Workflow Optimization

3.1.1 Physical PBM Operations Layer

Real PBM functions and transactions take place at the bottom of the architecture, which is known as operational
infrastructure. This layer comprises six core components running together to perform the total range of pharmacy
benefit administration. Prescription claims entry, adjudication logic and payment processing are processed by a
claims processing system connected in real-time to pharmacy networks. The formulary system contains extensive drug
lists, tier designations, coverage criteria and preferred alternatives that drive benefit decisions. The platform’s prior
authorization solution oversees approval processes for specialty medications and step therapy as well as clinical
justification reviews. The rebate management system manages contracts with pharmaceutical manufacturers, and
captures rebate accruals and payment reconciliations.

3.1.2 Data Integration Layer

The Data Integration Layer connects physical PBM systems to the digital twin platform using standard interfaces and
data pipelines. This layer performs Extract-Transform-Load (ETL) to integrate, clean and harmonize operational data
acquired from disparate collection points. Data streams are ingested in real-time using message queuing protocols
and batch data is fetched using scheduled extraction routines. The integration layer provides data consistency,
supports schema mapping, and manages temporal alignment of physical processes with their digital counterparts.
Quality data validation is also built into this layer to detect and correct differences before advancing it to upper
architectural levels.

3.1.3 Digital Twin Core Layer

The Digital Twin Core Layer is the central processing unit, which holds synchronised virtual models of PBM processes
at any time. This layer mediates discrete-event-simulation models of claims processing, prior authorization,
formulary updates, rebate calculations and member service interactions. State synchronization processes indefinitely
modify digital twin models based on new operational data to maintain a virtual representation that replicates the true
state of the system. The core layer retains historical state trajectories, which allows for retroactive analysis and
pattern discovery across workflow execution histories. The claims processing model represents the entire
adjudication cycle from claim submission to payment, and applies business rules relating to benefit check, formulary
check, pricing calculation and rejection management.

3.1.4 Analytics and Optimization Layer

The Analytics and Optimization Layer uses computational intelligence methods to analyze digital twin models for
performance assessment and identification of improvement solutions. This layer includes predictive analytics models
for predicting workflow bottlenecks, delays in the processing and manipulation of resources. Anomaly detection and
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proactive intervention recommendations are provided based on machine learning models trained over historic
performance data. Optimization algorithms compare against alternative workflow configurations with what-if
scenarios simulations, measuring the prospective effects of process changes prior to real implementation. This layer
produces performance fittings, trend graphics, optimization suggestions so that we could make decisions based on
data. The predictive analytics module is using time series forecasting techniques to predict spikes in claims volume,
patterns of prior authorization requests and the impact of formulary changes.

3.1.5 Application Interface Layer

The User Experience Layer offers Ul components that are used by the stakeholders to work with the digital twin
system. This layer contains visualization dashboards for real-time observation, configuration interfaces for the
adjustment of controllable simulation parameters and reporting modules for performance evaluation. Admin GUIs
enable industrial policy management and rule-based configuration for compliance, along with system-assisted
maintenance operations. The visualization dashboard is capable of showing animated graphs and charts, heatmaps, as
well as process flow animations to visualize the real-time PBM operations, historical history trends and simulation
results.

3.2 Methodological Framework Adopted for the Study

The research method is based on a systematic five-phase process, to facilitate the rigorous development, validation
and evaluation of a Digital Twin framework for PBM workflow improvement. The overall methodological framework,
with its stages and screening activities as well as feedback cycles that allow iterative optimisation is presented in
Figure 2. Every stage in this progression is based on each previous stage’s output, which forms a neatly integrated flow
chart from collection to final performance assessment. Validation checkpoints, quality assurance protocols and
iterative mechanisms of feedback embedded in the framework increase rigor and validity of study findings.

Methodological Framework for Digital Twin implementation

Deta C and po

33 wharh
Sapes atinnal e

v

Digital Twin Model Developmant

Koy Poctormance indicators

s NG o SR e YN o T i i |

Figure 2: Methodological Framework for Digital Twin Implementation and Evaluation

3.2.1 Phase 1: Data Collection and Preparation

The first stage aims at with as much data operational data that reflect well PBM workflow features and patterns of
performance. Twelve months of consecutive real time PBM operations were included in data collection to account for
seasonal effects, volume changes and changing policy trends. The data set includes transactional record of claims
processing, prior authorization request (PAR) submission, formulary update and rebate transactions as well as
member service touch points. Each T are records consist of temporal characteristics, processing states, resource
assignment and decision outcome and performance. The data preparation stage involves cleaning by removing
duplicate instances, fixing format discrepancies and handling missing values using either imputation or exclusion
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method. The MES data collecting process can be modeled mathematically in order to guarantee complete coverage of
operational spaces. Let D be the entire dataset obtained in time T (it can be written as Equation 1):

D ={C,P,F,R,M}

where C isa claims processing transactions, P includes prior authorization records, F contains formulary management
data, R refers to the rebate processing transactions and M covers member service interactions. The twelve months
collection period is covered by time records for each component dataset.

Voice It is the voice by action of the transformation function to purify data consistently. The normalized data set D'
can be expressed in equation (2) as:

D' = ¢(D) = {¢.(C), ¥p(P), ¥y (F), ¥, (R), ¥, (M)} 2

where Y represents the comprehensive transformation function that applies domain-specific cleansing, normalization,
and feature extraction procedures Y_c, Y_p, W_f, Y_r, Y_m to their respective data components, producing quality-
assured datasets suitable for simulation model development.

3.2.2 Phase 2: Digital Twin Model Development

The second process is simulating model of relevant core components in the digital twin design and development stage.
The work flows in PBM systems are modeled as sequences of state transitions due to transaction arrivals, processing
completions and decision events using discrete event simulation technique. The workflow components are
implemented as portfolio of queues, servers and decision nodes that emulate operational procedures, resource
limitations and routing directives. The processing model for the claims-processing module is formulated, where the
submission validation, benefit verification and pricing calculation and adjudication finalization are represented as
sequential stages with probability-based duration distributions extracted from implementation.

The PBM workflow in DES model can be mathematically described as a state-based system. Denote the state of the
system at time t by S(t), it evolves with event occurrence. The state transition dynamics can be written in Equation
(3) as:

S(t+ At) = S(t) +T'(F, S(t), 0) @)
where E represents the set of events occurring during the interval [t, t+At], I' denotes the state transition function that
determines how events modify system state based on current conditions S(t) and model parameters 8, and At
represents the time increment between successive state evaluations. This formulation captures how the digital twin
continuously updates its representation based on operational events.
The workflow processing time for each transaction type can be modeled using probability distributions fitted to
empirical data. The processing duration T_i for transaction type i can be characterized in Equation (4) as:

T,; ~ fi (/Liﬁ (le) (4)
where f_i represents the probability distribution function (such as lognormal, gamma, or Weibull) with mean p_i and
variance 6_i? parameters estimated from historical transaction completion times. This stochastic modeling approach
enables the digital twin to generate realistic variability in simulated workflow execution times.
3.2.3 Phase 3: Simulation Implementation and Validation
The third stage performs reference simulation scenarios and checks the fidelity of the model with the historical
operational data. The Implementation phase involves setting up the simulation, initializing of system states, and
performing simulation runs mirroring the characteristics of the twelve-month observation period. We run multiple
replications to accommodate stochastic variability and compute confidence intervals around the performance
estimates. Validation routines contrast simulated performance measures with empirical benchmarks along a
spectrum of dimensions such as number of transactions, processing times, resource utilization levels and error rates.
3.2.4 Phase 4: Optimization and Scenario Analysis
The fourth stage utilizes the verified digital twin to analyse optimization possibilities, and assess alternative workflow
arrangements. By simulating ‘what-if’ scenarios, modelers can adjust operating criteria such as processing capacity,
level of automation, human resources allocations, business rules or service policies and evaluate the impact on
performance. Predictive analytics engine Predictive algorithms that use historical patterns to anticipate future
operational patterns like growth in volume, seasonality fluctuation and impact of a policy change. Optimization
algorithms traverse the configuration space systematically to find workflow designs optimizing multiple attributes
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including, but not limited to minimizing turnaround time, costs, error rates and non-compliance rates as well as
maximizing customer satisfaction.
The optimisation function could be expressed as a multi-criterion function that digital twin would compute. Denote
the configuration parameter vector specifying design choices by X. The optimization problem can be formulated as
Equation (5).

[£1(X), £2(X), £5(X), fu(X), £:(X)]"

subject to X € ()

min F(X)

(5)
where f;(X) represents processing time, f,(X) denotes operational cost, f3(X) indicates error rate, f4(X) measures
compliance deviation, f5(X) reflects patient satisfaction metrics, and Q defines the feasible configuration space
constrained by resource availability, regulatory requirements, and operational capabilities. This multi-objective
formulation enables systematic exploration of workflow configurations that balance competing performance criteria.
3.2.5 Phase 5: Performance Evaluation and Analysis
This step serves as profound evaluation of the gains derived from DT-assisted workflow optimization. Performance
assessment compares base operational statistics to the results produced with optimized parameters discovered
through digital twin analysis. Performance indicators are evaluated in terms of 5 criteria: reduction of processing time
determines the acceleration of workflow, improvement of cost efficiency measures savings in operational expense,
minimization of error rates assesses overall quality enhancement, improvement relative to compliance adherence is
based on regulatory impact, and increase in patient satisfaction captures gains via service quality.
4. RESULTS AND DISCUSSION
This section then provides comprehensive experimental results for Digital Twin of PBM workflow optimization. The
results are presented in a way to show the performance gains along several operating dimensions, and followed by an
interpretation. The assessment used one year of operational data to compare the baseline PBM system against the
optimized DT-enabled configuration across 5-key performance indicators: time-and-motion efficiency, cost-efficiency,
error rate, compliance accuracy and patient satisfaction. Statistical significance and reliability of the observed
improvements were validated.
4.1 Quantitative Performance Metrics
The results on all the performance metrics were substantially better after we applied our Digital Twin framework,
highlighting the success of simulation-guided workflow optimization. Table 1 Quantitative comparison of baseline
operations and DT-optimized system performance: The % reductions in operational inefficiencies & latencies are
given. The largest reduction was the number of manual intervention errors, which fell by 42.1%, a sign that advanced
decision support and predictive analytics driven digital twin features sharply reduced human error in workflow
execution. The average processing time for claims was reduced by 31.4%, which means pushing medications to
patients quicker, and less of a burden on the pharmacies staff having to work through administrative backlogs. Time
to prior authorization approval was lowered by 36.9%, a major paint point in specialty medication access with
significant impact on patient care outcomes.

Table 1: Comparative Performance Analysis of Baseline vs. DT-Optimized PBM System

Performance Metric Baseline DT-Optimized Absolute Percentage
Performance Performance Improvement Improvement
Claim Processing Time 4.8 3.3 1.5 hours 31.4% !
(hours)
Administrative $8.50 $6.40 $2.10 24.7% 1
Operational Costs ($ per
claim)
Manual Intervention 14.2 8.2 6.0 errors 42.1% 1
Errors (per 1000 claims)
Prior Authorization 3.8 2.4 1.4 days 36.9% |
Approval Latency (days)
Formulary Update Cycle 28.0 20.0 8.0 hours 28.6% |
Time (hours)
Patient Service Response 12.8 8.5 4.3 minutes 33.5% 1
Time (minutes)
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Administrative operational costs per claim declined by 24.7%, showing that the digital twin optimization increased
not only the speed of operations but also the resource-based efficiency and less rework due to correction of errors.
Updates for formulary status had been reduced by 28.6% using real-time synchronization, resulting in ability to make
coverage decisions based on the latest available medications and treatment plans. Average patient service response
time dropped 33.5%, from 12.8 minutes to 8.5 minutes, proving that workflow optimization gains are more than just
server-side wins: they can also make a real difference in how members experience the site as well. Together, those
advances suggest that the DT framework tackles several operational challenges at once rather than just trying to
optimize one aspect of a process.The performance improvement can be attributed to a number of technological
advances supported by the DT architecture. The real-time state synchronization from the shop floor to virtual models
enabled early identification of bottlenecks, and resource constraints that led to taking preemptive actions before
delays affected subsequent processes. Machine learning algorithms recognized patterns in the prior authorization
orders, and in cases of routine (frequent) requests automatically issued approval while routing a small fraction of
complex ones to experienced review staff - reducing overall turnaround times without sacrificing clinical judgment.
Machine learning assisted anomaly detection was implemented to alert for abnormal claims patterns, such as those
that led in the past to manual interventions (e.g. prior approval), providing proactive data quality checks with
significant reduction of error rates.

4.2 Compliance Accuracy and Regulatory Adherence

System compliance precision is an essential performance aspect for the PBM tasks because of strict regulatory and
audit mandates. Table 2 lists detailed compliance measures before and after DT, with improvements witnessed in
several regulatory areas. The general compliance rates have increased by 8.6% points from 89.2% to 97.8%, a
significant reduction in risk in terms of potential regulatory breaches and audit referrals. This enhanced process
reflects the increased traceability of workflow decisions, automatic validation of regulatory rules and continuous
monitoring facilitated by the digital twin system.

Table 2: Compliance Accuracy and Service Quality Metrics

Compliance Baseline DT-Optimized Improvement Statistical Impact
Domain Accuracy Accuracy (%) (Percentage Significance Assessment
(%) Points)
Pricing 87.5 96.2 +8.7 p<0.001 Reduced audit
Transparency findings
Compliance
Prior Authorization 88.9 98.5 +9.6 p <0.001 Enhanced
Documentation regulatory
adherence
Formulary Update 90.1 97.4 +7.3 p <0.001 Improved provider
Notification communication
Claim Adjudication 91.5 98.9 +7.4 p <0.001 Reduced appeals
Accuracy and rework
Rebate Calculation 86.8 95.7 +8.9 p <0.001 Financial accuracy
Accuracy improvement
Member 89.7 98.1 +8.4 p <0.001 Enhanced member
Communication satisfaction
Timeliness
Overall 89.2 97.8 +8.6 p<0.001 Significant risk
Compliance reduction
Accuracy

The largest increase in compliance was in the area of preauthorization documentation at 9.6 percentage points,
targeting a common problem where partial or delayed documentation had often been the source of problems with
regulatory compliance. The digital twin automatic documentation generation and validation of the clinical,
justifications and approval criteria decision reasons to ensure the. Compliance with pricing transparency increased
by 8.7 percentage points, due to better accuracy in cost sharing calculations and member benefit explanations that are
now more closely scrutinized under new health care regulations. All reported gains were statistically significant at p
<0.001, which means that performance improvements are not due to random fluctuation but rather reflect consistent
and real improvement.The operational impact of complying is more than simply adhering to the rules. Higher
compliance rates mean fewer and less serious audit findings, which may require costly corrective action plans and
even lead to fines. Enhanced documentation completeness drives better results in retrospective Utilization Reviews
and lessens conflicts with providers and members. The reputational value attached to exhibiting strong record of
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compliance performance likewise enables positive relationships with regulators as well as net position in the
marketplace when bidding for employer group contracts. An increased rebate calculation accuracy rate of 86.8% to
95.7% assures correct reconciliation of pharmaceutical manufacturer agreements, reducing revenue drain and
contractual conflicts.
4.3 Workflow Efficiency Analysis Through Digital Twin Simulation
The Digital Twin model facilitated a detailed examination of PBM workflow efficiency by representing the full range
of operationally constraints and pin-pointing individual bottle-necks that hindered system throughput. Transaction
Processing Volume Capacity Analysis The comparison between the Baseline System capacity and DT-optimized
configuration is depicted in Figure 3, which shows the analysis for various stages of workflows. Analysis shows that
claim validation was the single biggest bottleneck in the baseline system, with an input capacity of just 850
transactions per hour causing a restriction in overall system throughput even when downstream processes have spare
capacity.

Transaction Processing Volume Analysis Across PBM Workflow Stages
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Figure 3: Comparison of transaction processing capacity across five major workflow stages, showing bottleneck
identification and capacity improvements achieved through DT optimization

4.4 Cost-Benefit Analysis and Return on Investment

A detailed cost-benefit analysis is illustrated in Figure 4 by comparing the costs and benefits of implementation during
a twelve-month observation period after DT application. The analysis includes hardcost savings from efficiency gains
- and additional cross-industry benefits in the form of mistakes reduced and compliance improved along with costs
of implementation such as system development, data integration, staff training. The cumulative net benefit curve
indicates that the break-even point was achieved in month seven and generated positive returns at an increasing pace
as optimization progressed.
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Cost-Benefit Analysis and ROl Trajectory Over 12-Month Period
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Figure 4: Monthly cost-benefit analysis showing implementation costs, operational savings, and cumulative net
benefit over the twelve-month evaluation period

4.5 Predictive Analytics Performance and Accuracy

The Digital Twin framework was enhanced by incorporating predictive analytics models to predict demand patterns
in workflow processing, probability of a processing bottleneck and instances which may need manual intervention.
The prediction accuracy of these models for various operations is shown in Figure 5 where model predictions are
checked against observed actual results during the evaluation period. The predictive claim volume model improved
the accuracy to 94.2% predicting daily transaction volumes within +10%, which allowed for staffing adjustments
ahead of time in order to reduce excess resource utilization expenses.
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Figure 5: Prediction accuracy assessment across multiple analytics models including claim volume forecasting, error
probability prediction, prior authorization complexity classification, and compliance risk scoring.
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5. CONCLUSION
This study effectively proved Digital Twin technology could disrupt Pharmacy Benefit Management work-flow in
contemporary healthcare setting. The proposed DT framework demonstrated significant performance enhancements
over all evaluated aspects, with 31.4% reduction in claim processing time, 42.1% decrease in manual intervention
errors and 36.9% reduction in prior authorization latency. System compliance accuracy increased to 97.8% from
89.2%, significantly decreasing the risk of non-compliance while increasing the operational transparency and audit
preparedness. The expense to benefit ratio produced a positive ROI of 185% within 1 year since break-even point was
reached at the seventh month of project.The results show that simulation driven by the Digital Twin is a scalable data-
based decision support to allow proactive workflow optimization rather than reactive problem solving. The
combination of predictive analytics and dynamic modeling of the operational system in real time provided early
awareness of bottlenecks and resource limitations before service delivery was affected. The studies validate that DT
meets core operational difficulties of complex health administrative system, resulting in assured gain without
achieving trade-offs between competing performance criteria.Challenges for future research include expanding the DT
framework to account for patient outcome data and provide holistic value-based care optimization, standardizing
interoperability requirements for cross-organizational digital twin integration, and studying the longer-term
sustainability of performance improvements as operational patterns change. This research forms a basis for more
widespread use of Digital Twin technology in healthcare administration area.
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