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Abstract: Background: In county-level and rural regions of China, access to opioid analgesics for palliative care is 

constrained by centralized dispensing, fragmented drug distribution systems and limited patient mobility. Although county-

level medical consortia have strengthened healthcare integration, an evidence-informed framework for the decentralized 

yet regulated distribution of controlled medicines remains insufficiently developed. Objectives: This study aimed to 

develop and evaluate, through simulation-based policy modeling, a County–Town–Village (CTV) three-level drug 

distribution framework for opioid analgesics within county-level medical consortia using Zhejiang Province as a 

conceptual case study. Methods: A simulation-based comparative policy analysis was performed using structured 

simulated data representing 12 modeled county-level medical consortia (six intervention and six comparison counties) 

over a simulated 12-month period. Simulation inputs were generated from plausible county-level healthcare characteristics, 

opioid prescribing patterns, travel distances and pharmaceutical governance indicators. Difference-in-differences (DiD) 

analysis was applied to compare projected outcomes between simulated scenarios, including medication access time, travel 

distance, continuity of opioid use, documentation completeness, adverse drug event reporting and diversion-risk indicators. 

Results: The modeled intervention projected shorter medication access time (DiD = −3.0 days; p < 0.001), reduced travel 

distance (DiD = −24.9 km/month; p < 0.001), improved continuity of opioid use (70.8% to 84.9%; DiD = +12.7 percentage 

points; p < 0.001) and greater documentation completeness (61.3% to 88.9%; p < 0.001). Simulated adverse drug event 

reporting increased (5.9 to 8.4 per 100 patient-months; p = 0.012), whereas diversion-risk indicators remained unchanged 

(1.8% vs. 1.9%; p = 0.74). Conclusion: This simulation-based policy evaluation suggests that the proposed three-level 

distribution framework may improve access, continuity and pharmaceutical governance of opioid analgesics while 

maintaining regulatory oversight under modeled conditions. Because these findings are simulation-derived rather than 

empirically observed, prospective real-world implementation studies are required before policy adoption. 
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INTRODUCTION 

 

Medicines are fundamental to effective healthcare systems 

and their availability, safety and continuity of supply 

directly influence clinical outcomes and patient well-being 

(Ahmed and Tamim, 2025; Al-Worafi, 2023). Among 

essential medicines, opioid analgesics are indispensable for 

the management of moderate-to-severe pain in patients 

receiving palliative care, particularly those with advanced 

cancer and end-stage chronic diseases (Pei et al., 2026; 

Sanjuda et al., 2022). 

 

However, because opioid analgesics are controlled 

medicines, their procurement, storage, prescribing, 

dispensing and monitoring are subject to stringent 

regulatory requirements intended to ensure both patient 

access and prevention of misuse or diversion (Hemmeda et 

al., 2023; Jackson et al., 2022). Balancing these two 

objectives remains a major challenge for healthcare 

systems, particularly in county-level and rural regions of 

China, where pharmaceutical resources and healthcare 

infrastructure are often unevenly distributed (Shakya and 

Ruseski, 2023; Sun, 2022). 

 

In several county-level health systems, opioid analgesics 

are still mostly supplied through county hospitals, ranging 

from large concentrated facilities (Fan et al., 2026). While 

this model improves regulatory oversight, it can diminish 

access when timely treatment for patients needing chronic 

opioid therapy is required, with multiple trips to county 

hospitals increasing financial and physical stressors whilst 

contributing to a breaking of continuity (Pham et al., 2024; 

Shannon et al., 2026). As a result, it has become a key goal 

of continued health system reform to balance improving 

access to opioid analgesics with the desire for improved 

pharmaceutical governance. 
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For instance, China has established county-level medical 

consortia to enhance the coordination between county 

hospitals and township health centers as well as village 

clinics (An et al., 2025). Studies to date have largely 

explored referral pathways, integration and delivery of 

services within consortia (Gao et al., 2022). However, 

notably less attention has been paid to organizational 

strategies for pharmaceutical supply chain/distribution 

specifically for the types of controlled medicines which 

drive both positive and negative changes in utilization 

patterns that measure accessibility alongside traceability, 

regulatory compliance and diversion prevention (Oyri and 

Wiig, 2022; Natali et al., 2023; Yang and Mishra, 2025). 

 

Importantly, tiered CTV healthcare structures have 

previously been described within China's healthcare 

system (Dong et al., 1999). However, existing models 

primarily address healthcare organization or 

pharmaceutical distribution in general rather than 

providing a structured pharmaceutical governance 

framework specifically designed for regulated opioid 

analgesic distribution within county-level medical 

consortia. Moreover, previous reports have not 

systematically evaluated how coordinated pharmaceutical 

governance, township-level dispensing, village-level 

follow-up and regulated home delivery could function 

together within an integrated distribution pathway for 

palliative care. This represents the principal knowledge gap 

addressed by the present study. 

 

Previous research primarily described pharmaceutical 

distribution within rural healthcare systems, the present 

study develops and evaluates a simulation-based 

pharmaceutical governance framework integrating 

regulated opioid dispensing, township-level distribution, 

regulated home delivery, electronic traceability and 

coordinated village-level follow-up within county-level 

medical consortia (Dong et al., 1999). 

 

Rather than proposing an entirely new healthcare structure, 

this study develops a conceptual pharmaceutical 

governance framework that integrates existing CTV 

healthcare infrastructure with standardized pharmaceutical 

management, closed-loop traceability, regulated home 

delivery and coordinated follow-up for opioid analgesics. 

Because real-world implementation data are currently 

unavailable, the proposed framework was evaluated using 

simulation-based policy modeling to examine its potential 

operational performance under plausible county-level 

healthcare conditions. Such simulation approaches provide 

an opportunity to explore the feasibility and potential 

impact of alternative healthcare policies before large-scale 

implementation while identifying important operational 

considerations for future empirical evaluation (Kim, 2024). 

 

Zhejiang Province was selected as a representative policy 

context because of its substantial rural population, ongoing 

development of county-level medical consortia and 

persistent differences in pharmaceutical service capacity 

between county hospitals and primary healthcare 

institutions (Gao et al., 2022; Zhu et al., 2025). The 

province therefore serves as a conceptual case study for 

evaluating how the proposed pharmaceutical distribution 

framework might operate under realistic county-level 

conditions rather than representing a completed real-world 

implementation. 

 

Simulation-based policy modeling has emerged as a 

particularly attractive framework for evaluating complex 

healthcare system interventions when the feasibility, 

resource intensity, or regulatory requirements of 

prospective implementation render it impractical (Cha et 

al., 2025). Simulation combines data from published 

literature with realistic operational assumptions to explore 

the potential impacts of alternative healthcare policies 

(when and how they might be implemented), facilitating 

population-level policy comparisons before widespread 

implementation. These methodologies act as 

complementary sources of initial evidence for future 

prospective studies and facilitate decision-making in 

developing evidence-based health-care plans (Demir et al., 

2024). 

 

The present study differs from previous investigations by 

focusing on pharmaceutical governance rather than 

healthcare organization alone. Instead of introducing a new 

CTV healthcare structure, it develops and evaluates a 

coordinated governance framework that integrates opioid 

dispensing, pharmaceutical traceability, inventory 

management, regulated home delivery and 

multidisciplinary follow-up within the existing county-

level medical consortium system (Feng et al., 2024). To the 

best of current knowledge, few previous studies have 

systematically assessed this integrated pharmaceutical 

governance strategy for controlled medicines using a 

simulation-based policy-modeling approach (Sokolovska 

and Klepikova, 2024; Ward et al., 2024). 

 

Accordingly, the objective of this simulation-based policy-

modeling study was to develop and evaluate a CTV three-

level pharmaceutical distribution framework for opioid 

analgesics within county-level medical consortia. 

Specifically, the study simulated coordinated 

pharmaceutical governance, township-level dispensing, 

village-level follow-up and regulated home delivery to 

estimate their potential effects on medication accessibility, 

treatment continuity, pharmaceutical governance and drug 

safety indicators. The findings are intended to provide 

preliminary policy evidence and generate hypotheses for 

future prospective implementation studies rather than to 

demonstrate real-world effectiveness. 
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MATERIALS AND METHODS 

 

Study design 

This study employed a simulation-based comparative 

policy-modeling design to develop and evaluate a 

conceptual CTV three-level pharmaceutical distribution 

framework for opioid analgesics within county-level 

medical consortia. The study was designed to assess the 

operational feasibility and projected policy impact of the 

proposed distribution framework under realistic county-

level healthcare conditions before potential real-world 

implementation. 

 

Unlike an empirical clinical or quasi-experimental study, 

no patients, healthcare professionals, healthcare 

institutions, or operational datasets were involved. Instead, 

structured simulated datasets were generated using 

predefined healthcare system assumptions derived from 

published literature, national pharmaceutical regulations 

and commonly reported operational characteristics of 

county-level healthcare services in China. 

 

Two policy scenarios were constructed for comparison. 

The intervention scenario represented implementation of 

the proposed CTV pharmaceutical distribution framework, 

whereas the comparison scenario represented the 

conventional county hospital-based opioid dispensing 

model currently used in many county-level healthcare 

systems. Both scenarios were evaluated over an equivalent 

simulated 12-month observation period. 

 

Projected policy outcomes were evaluated using a DiD 

analytical framework to estimate the relative effect of the 

proposed pharmaceutical governance model while 

accounting for baseline differences and temporal variation 

between simulated scenarios. The objective of the analysis 

was to compare projected system performance rather than 

estimate actual clinical effectiveness. 

 

Study setting 

Zhejiang Province, China, was selected as the conceptual 

policy context because of its predominantly rural 

population, heterogeneous geographical characteristics and 

continuing implementation of county-level medical 

consortia. These characteristics provide a representative 

environment for evaluating pharmaceutical distribution 

challenges commonly encountered in county-level 

healthcare systems, including limited healthcare 

accessibility, long travel distances and differences in 

pharmaceutical service capacity between county hospitals 

and primary healthcare institutions (Gao et al., 2022; Zhu 

et al., 2025). 

 

The province served exclusively as a conceptual policy 

case study for simulation purposes. No healthcare 

organizations, healthcare professionals, pharmacies, or 

patients from Zhejiang Province participated in this 

research and no real-world operational or clinical data were 

collected. 

 

Within the conceptual framework, each modeled county-

level medical consortium consisted of one county hospital, 

several township health centers and affiliated village 

clinics, reflecting the organizational structure widely 

adopted within China's healthcare system. Under the 

conventional policy scenario, opioid analgesics were 

dispensed exclusively through county hospitals. Under the 

proposed policy scenario, qualified township health centers 

were additionally authorized to dispense opioid analgesics 

under centralized county-level pharmaceutical governance, 

while village clinics provided structured medication 

follow-up and patient support. 

 

Conceptual framework of the CTV pharmaceutical 

governance model 

- Conceptual CTV distribution framework: The proposed 

CTV pharmaceutical distribution framework was 

developed as a conceptual pharmaceutical governance 

model intended to improve accessibility to opioid 

analgesics while maintaining regulatory compliance for 

controlled medicines. Rather than introducing a new 

healthcare organizational structure, the framework 

integrates the existing ctv healthcare network with 

standardized pharmaceutical governance procedures, 

closed-loop medication traceability, regulated home 

delivery and coordinated multidisciplinary follow-up. 

 

- County-level pharmaceutical governance: County 

hospitals served as the central pharmaceutical governance 

units responsible for procurement planning, inventory 

management, formulary control, prescribing authorization, 

pharmaceutical auditing, professional training and stock 

reconciliation. The county hospital pharmacy maintained 

reserve inventories of opioid analgesics and supervised 

medication allocation to qualified township health centers 

according to standardized operating procedures. Routine 

inventory reconciliation and dispensing audits were 

incorporated to strengthen accountability and compliance 

with controlled-drug regulations (Smith, 2024). 

 

- Township-level dispensing and clinical monitoring: 

Qualified township health centers were modeled as 

secondary dispensing units after meeting predefined 

pharmaceutical governance requirements, including 

licensed pharmacy personnel, secure storage facilities, 

standardized electronic dispensing documentation and 

routine pharmaceutical supervision. Township pharmacists 

were responsible for prescription verification, dosage 

confirmation, medication dispensing, patient counseling 

and coordination of regulated home delivery. Township 
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physicians conducted scheduled pain assessments, 

monitored treatment response, evaluated adverse drug 

reactions and adjusted opioid therapy during outpatient 

visits or telemedicine consultations. 

 

Village-level medication follow-up: Village clinics did not 

provide opioid analgesics. On the contrary, they were 

actually community drug dispensing support hubs that 

monitored medication compliance, assessed storage 

conditions, recognized early warning signs of negative 

effects or inappropriate use of opioids and strengthened 

patient education and follow-up with township health 

centers. This method reinforced continuity of 

pharmaceutical care while not increasing prescribing or 

dispensing authority. 

 

Regulated home delivery procedures: Within the 

simulated intervention scenario, regulated home delivery 

was available only for eligible palliative care patients 

meeting predefined criteria, including limited mobility, 

stable opioid dosage requirements, confirmed caregiver 

support and physician authorization for home-based 

medication management. 

 

The conceptual delivery pathway incorporated tamper-

evident packaging, serialized medication identifiers, dual 

verification before dispatch by pharmacy personnel, secure 

transportation procedures, patient or caregiver identity 

verification at delivery and mandatory electronic 

documentation of receipt. Each delivery event was linked 

electronically to prescribing, dispensing, transportation 

and follow-up records to maintain complete medication 

traceability throughout the pharmaceutical supply chain. 

Home delivery remained under the supervision of county-

level pharmaceutical governance and was intended to 

improve medication accessibility while preserving 

regulatory oversight of controlled medicines (Fig. 1). 

 

Simulation model development 

A conceptual simulation model was developed to evaluate 

the projected operational performance of the proposed 

CTV pharmaceutical distribution framework under 

realistic county-level healthcare conditions. The model 

represented the complete pharmaceutical pathway for 

opioid analgesics, including prescribing, procurement, 

inventory allocation, dispensing, regulated home delivery, 

medication follow-up, adverse event monitoring and 

pharmaceutical governance. Using a systems-based policy-

modeling approach, healthcare processes were represented 

as sequential operational events occurring within county 

hospitals, township health centers and village clinics. Each 

simulated county-level medical consortium operated 

independently while following identical pharmaceutical 

governance standards and regulatory procedures. 

 

Two policy scenarios were modeled. The intervention 

scenario incorporated decentralized opioid dispensing 

through qualified township health centers together with 

regulated home delivery and village-level follow-up, 

whereas the comparison scenario represented the 

conventional county hospital-centered dispensing model 

without decentralized pharmaceutical services. Both 

scenarios were simulated over identical observation 

periods to permit direct comparison of projected policy 

outcomes. The model assumed compliance with China's 

existing regulatory framework for controlled medicines, 

with standardized pharmaceutical governance procedures 

applied consistently across the intervention scenario. No 

changes were made to opioid prescribing indications, 

prescribing authority, or national regulations; only the 

organization of pharmaceutical distribution and medication 

management differed between policy scenarios (Cha et al., 

2025). 

 

Data sources and simulation strategy 

Patient-level clinical data or other operational records were 

not used. Instead, simulated datasets of structured data 

were generated to capture realistic county-level healthcare 

settings based on published evidence, national 

pharmaceutical dispensing policies, registry reports of 

healthcare utilization at the county level and expert-

informed operational assumptions about innately available 

common functional pathways. Not meant to reproduce any 

real clinical results, the simulation was conducted 

exclusively to examine whether the proposed 

pharmaceutical distribution framework was at all viable 

and what may be expected. Estimates of the volume were 

incorporated into the simulation model of palliative care 

patients, the frequency and interval at which opioids are 

prescribed and filled, demand for medications in the 

community, distance to travel for adherence (if any), 

compliance with appropriate clinical documentation 

practices, adverse drug event reporting rates and other 

diversion-risk indicators. 

 

The simulated observation period covered 12 months, 

comprising a six-month baseline period representing the 

conventional county hospital-based distribution model and 

a six-month post-policy period representing 

implementation of the proposed CTV pharmaceutical 

distribution framework. Identical baseline conditions were 

applied to the intervention and comparison scenarios to 

ensure comparability before policy implementation. 

Simulation outputs were evaluated at the patient-month 

level to assess medication access, treatment continuity, 

pharmaceutical governance and medication safety 

throughout the observation period (Noto et al., 2025). 
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Fig. 1: The conceptual architecture of the CTV pharmaceutical distribution framework under county-level medical 

consortia. It summarizes the contributions of county hospitals, township health centers and village clinics to 

pharmaceutical governance, including opioid dispensing, inventory management, regulated home delivery from hospital- 

or clinic-based pharmacies, patient follow-up on tapering schedules and medication traceability. This figure represents a 

simulation model and not an actual implemented/implied system.  
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Simulation assumptions 
The use of predefined assumptions consistent with 

published policy-modeling recommendations in 

developing the simulation model increased transparency 

and reproducibility. The model assumed no changes to the 

organizational structure of each county-level medical 

consortium; stability in the number of patients who would 

benefit from opioid analgesics; and that treatment patterns 

conformed to nationally approved clinical guidelines 

regardless of policy scenario. The regulatory framework 

qualified township health centers for controlled medicines; 

village clinics prescribed and dispensed medications but 

did not prescribe and dispense opioids, support or follow 

up on people's opioid use; and regulated home delivery was 

established only for eligible patients with a physician for 

regulatory approval, stable therapy, reduced mobility and 

caregiver support. 

 

The study also assumed that there would be no 

interruptions to electronic pharmaceutical information 

systems, implementation of standardized pharmaceutical 

governance training for healthcare staff and no major shifts 

in policy that could affect opioid regulations throughout the 

simulation. Non-routine operating conditions such as 

exceptional events (including medication shortages, 

natural disasters and transportation disruptions) were 

excluded from the analysis. Such conservative assumptions 

provided for a standardized comparison of policy 

scenarios, while reducing systematic external 

confounding; thereafter, they were tested through 

sensitivity analyses to evaluate the strength of resulting 

projections (Crosland et al., 2024). 

 

Study population 
Because this investigation was a simulation-based policy-

modeling study, no actual patients were recruited. Instead, 

a modeled population was constructed to represent adult 

patients who would typically receive palliative care and 

require opioid analgesics for the management of moderate-

to-severe pain within county-level medical consortia. The 

simulated population reflected commonly reported 

demographic and clinical characteristics of patients with 

advanced cancer or end-stage chronic diseases requiring 

long-term opioid therapy. 
 

Simulated inclusion criteria comprised adult patients (≥18 

years) with a clinical indication for opioid analgesic 

treatment for palliative care, enrollment within a modeled 

county-level medical consortium and eligibility for 

continued opioid therapy according to national clinical 

practice guidelines. Patients receiving short-term 

postoperative opioid therapy, those without palliative care 

indications and individuals requiring opioid treatment for 

acute non-palliative conditions were excluded from the 

simulated population. 

 

Patient characteristics remained comparable between the 

intervention and comparison scenarios during the baseline 

simulation period to ensure that projected differences 

reflected changes in pharmaceutical distribution rather than 

differences in population composition. 

 

Outcome measures 
Outcome measures were selected to evaluate three 

principal domains of pharmaceutical service performance: 

medication accessibility, treatment continuity and 

pharmaceutical governance. Outcome definitions were 

standardized before simulation to ensure consistent 

evaluation across both policy scenarios. Primary outcomes 

included medication access time (days), defined as the 

projected interval between prescription authorization and 

receipt of opioid analgesics; patient travel distance 

(km/month), representing the cumulative monthly travel 

required to obtain medication; and continuity of opioid 

therapy (%), calculated as the projected proportion of 

treatment days covered by dispensed medication using 

medication possession principles. 

 

Secondary outcomes assessed pharmaceutical governance 

and medication safety, including documentation 

completeness (%), adverse drug event reporting rate (per 

100 patient-months) and diversion-risk indicators (%), 

defined as the proportion of medication episodes triggering 

predefined governance alerts such as early refill requests, 

documentation discrepancies, interrupted medication 

traceability, or inconsistencies identified during follow-up. 

Outcome definitions were identical across both simulated 

policy scenarios to permit unbiased comparison of 

projected intervention effects. 

 

Statistical analysis 
Simulated baseline characteristics and estimated outcome 

measures were summarized using descriptive statistics. 

Continuous variables were summarized as means ± 

standard deviations (SD) for characteristics that appeared 

normally distributed or medians with interquartile ranges 

(IQR) if not normally distributed. Categorical data were 

expressed as frequency and percentage. All statistical 

analyses were performed using Stata Statistical Software, 

version 18 (StataCorp LLC, College Station, TX, USA). 

 

The primary analytical approach was DiD regression, 

which estimated the projected policy effect of the CTV 

pharmaceutical distribution framework by comparing 

changes in outcome measures between the intervention and 

comparison scenarios before and after simulated 

implementation. The DiD estimator was calculated as the 

difference between temporal changes observed in the 

intervention scenario and those observed in the comparison 

scenario. 

 

Model assumptions included comparable baseline trends 

between simulated scenarios, consistent observation 
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periods and stable healthcare system characteristics other 

than the pharmaceutical distribution framework being 

evaluated. Because simulation inputs were generated using 

identical baseline conditions, these assumptions were 

considered satisfied within the policy-modeling 

environment. 

 

Projected effect estimates were reported together with 95% 

confidence intervals (95% CI) and corresponding p-values. 

A two-sided p-value < 0.05 was considered statistically 

significant. All statistical analyses were performed using 

Stata Statistical Software, Release 18 (StataCorp LLC, 

College Station, TX, USA). Panel-data analytical 

procedures appropriate for repeated observations generated 

from simulated healthcare system scenarios were applied. 

 

Sensitivity analysis 
To evaluate the robustness of projected findings, 

deterministic sensitivity analyses were conducted by 

systematically varying key simulation parameters within 

clinically plausible ranges derived from published 

literature and healthcare policy reports. Parameters 

examined included palliative care patient volume (±20%), 

medication demand (±15%), travel distance (±20%), 

documentation compliance (±15%), adverse drug event 

reporting (±20%) and diversion-risk indicators (±15%). 

Additional scenario analyses evaluated the influence of 

reduced township pharmacy capacity, delayed medication 

transportation, incomplete electronic documentation and 

lower patient eligibility for regulated home delivery. For 

each alternative scenario, primary outcome measures were 

recalculated while maintaining identical analytical 

procedures. 

 

The purpose of these analyses was not to estimate 

statistical uncertainty associated with empirical 

observations but to determine whether the projected 

benefits of the proposed pharmaceutical distribution 

framework remained consistent under varying operational 

assumptions. Stable results across alternative simulation 

scenarios were interpreted as supporting the robustness of 

the policy model (Ali et al., 2025). 

  

Ethical and regulatory considerations 

This study used exclusively simulation-generated datasets 

and publicly available information, without involving 

human participants, patient records, identifiable personal 

data, clinical interventions, or actual pharmaceutical 

distribution. Therefore, ethical approval and an associated 

approval number were considered not applicable, subject 

to institutional and journal requirements.  

 

The simulation assumed uninterrupted pharmaceutical 

information systems, standardized staff training, and stable 

opioid regulations. Medication shortages, natural disasters, 

and transportation disruptions were excluded to ensure 

consistent scenario comparisons. The robustness of the 

projected outcomes was assessed through sensitivity 

analyses. 

 

Before simulated implementation of the proposed policy 

model, baseline demographics and clinical characteristics 

were purposefully generated to ensure comparability 

between the intervention and comparison scenarios. The 

patient population was modeled with a mean age of 66.8 

years and about three-quarters of patients were assumed to 

have advanced malignant disease requiring chronic opioid 

analgesic therapy. As shown in table 1, no between-group 

differences were statistically significant in terms of age, 

sex distribution, disease category, baseline opioid dose 

(OME), or baseline pain severity (p > 0.05), thus 

confirming adequate balance after randomization before 

the initiation of DiD analyses. 

 

Figure 2 illustrates the conceptual closed-loop 

pharmaceutical governance framework incorporated into 

the simulation model, demonstrating the coordinated 

responsibilities of county hospitals, township health 

centers and village clinics for prescription governance, 

centralized procurement, medication dispensing, regulated 

home delivery, follow-up monitoring and pharmaceutical 

traceability. 

 

Effects on medication accessibility 

- Time to medication access: Before simulated 

implementation of the proposed pharmaceutical 

distribution framework, the median time from physician 

prescription to receipt of opioid analgesics was comparable 

between the intervention and comparison scenarios (4.8 vs. 

4.6 days; p = 0.42). Following simulated implementation, 

the projected median access time in the intervention 

scenario decreased substantially to 1.6 days, whereas only 

minimal change was observed in the comparison scenario 

(4.4 days). 

 

DiD analysis estimated a projected reduction of 3.0 days in 

medication access time (DiD = −3.0 days; 95% CI: −3.6 to 

−2.4; p < 0.001), indicating that decentralization of opioid 

dispensing through qualified township health centers, 

together with regulated home delivery, was associated with 

a marked improvement in the timeliness of medication 

access under the simulated policy model (Table 2). 

 

Figure 3 presents the projected DiD trends in median 

medication access time before and after simulated 

implementation of the proposed CTV pharmaceutical 

distribution framework. 
 

- Patient travel distance: The simulation projected a 

substantial reduction in patient travel burden following 

implementation of the proposed pharmaceutical 

distribution framework.  
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Mean monthly travel distance required to obtain opioid 

analgesics decreased from 38.2 km during the baseline 

period to 12.4 km after simulated implementation in the 

intervention scenario. By comparison, only a marginal 

reduction was observed in the conventional distribution 

scenario (36.9 km to 35.8 km). 

 

The estimated DiD effect corresponded to a projected 

reduction of 24.9 km per patient-month (95% CI: −28.7 to 

−21.1; p < 0.001), reflecting the combined contribution of 

township-level dispensing services and regulated home 

delivery incorporated within the conceptual 

pharmaceutical governance model. Figure 4 illustrates the 

projected changes in patient travel distance associated with 

the simulated implementation of the three-level 

pharmaceutical distribution framework. 
 

- Continuity of opioid analgesic therapy: The simulation 

projected a substantial improvement in the continuity of 

opioid analgesic therapy following implementation of the 

proposed CTV pharmaceutical distribution framework. In 

the intervention scenario, the proportion of days covered 

by dispensed opioid medication increased from 70.8% 

during the baseline period to 84.9% following simulated 

implementation. In contrast, the comparison scenario 

demonstrated only a modest improvement from 71.2% to 

72.6% over the corresponding observation period (Table 

2). 

Table 1: Baseline characteristics of the simulated palliative care population in the intervention and comparison policy 

scenarios. 
 

Characteristic Intervention scenario Comparison scenario p-value 

Simulated patient-months (baseline period) 720 720 — 

Mean age (years) 66.9 ± 9.8 66.6 ± 10.1 0.72 

Male (%) 54.1 53.6 0.81 

Advanced malignant disease (%) 74.3 73.8 0.84 

End-stage non-malignant disease (%) 25.7 26.2 0.84 

Baseline opioid dose (OME, mg/day) 62.4 ± 21.6 61.9 ± 22.3 0.68 

Moderate-to-severe pain (%) 78.6 79.1 0.77 

Note: Values are derived from the simulated baseline dataset generated for policy evaluation. Continuous variables are 

presented as mean ± SD. OME = oral morphine equivalents. Baseline characteristics were intentionally balanced to satisfy 

the assumptions of the DiD analytical framework. 
 

 
 

Fig. 2: Conceptual closed-loop pharmaceutical governance framework incorporated into the simulation model. The 

figure illustrates the coordinated responsibilities of county hospitals, township health centers and village clinics for 

centralized procurement, prescription governance, opioid dispensing, regulated home delivery, follow-up monitoring, 

electronic traceability and inventory reconciliation within the proposed CTV pharmaceutical distribution framework. 
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DiD analysis estimated a projected improvement of 12.7 

percentage points in treatment continuity (95% CI: 8.9–

16.5; p < 0.001), suggesting that decentralized medication 

dispensing, regulated home delivery and coordinated 

village-level follow-up collectively reduced interruptions 

in opioid therapy within the simulated policy environment. 

 

Figure 5 illustrates the projected trends in continuity of 

opioid analgesic therapy before and after simulated 

implementation of the proposed pharmaceutical 

distribution framework, demonstrating a substantially 

greater improvement in the intervention scenario than in 

the conventional county hospital-based distribution model. 

 

Pharmaceutical governance and medication safety 

The proposed pharmaceutical governance framework was 

projected to substantially improve documentation quality 

and medication management across the simulated county-

level medical consortia. Documentation completeness 

throughout the closed-loop pharmaceutical management 

process increased from 61.3% during the baseline period to 

88.9% following simulated implementation in the 

intervention scenario, whereas only minimal improvement 

was observed in the comparison scenario. DiD analysis 

indicated that the proposed governance framework 

substantially enhanced the completeness of prescribing, 

dispensing, delivery and follow-up documentation (Table 

3). Similarly, projected inventory reconciliation accuracy 

improved to 98.0% under the intervention scenario 

compared with 93.4% in the conventional distribution 

scenario (p = 0.004), reflecting strengthened 

pharmaceutical governance through centralized inventory 

management, standardized documentation procedures and 

continuous electronic traceability. 

 

  

 
 

Fig. 3: Projected DiD trends in median medication access time before and after simulated implementation of the proposed 

CTV pharmaceutical distribution framework. 
 

Table 2: Projected effects of the proposed CTV pharmaceutical distribution framework on medication accessibility and 

continuity of opioid therapy. 
 

Outcome Policy scenario Baseline Post-

implementation 

DiD estimate  

(95% CI) 

p-value 

Time to medication access 

(days, median) 

Intervention 4.8 1.6 −3.0 (−3.6, −2.4) <0.001 

Comparison 4.6 4.4 — — 

Travel distance (km per patient-

month) 

Intervention 38.2 12.4 −24.9 (−28.7, −21.1) <0.001 

Comparison 36.9 35.8 — — 

Continuity of opioid therapy 

(%) 

Intervention 70.8 84.9 +12.7 (8.9, 16.5) <0.001 

Comparison 71.2 72.6 — — 

Note: Estimates represent projected policy effects generated by the simulation model. CI are two-sided at the 95% level. 

Statistical significance was defined as p < 0.05. 

 



Simulation-based development and policy evaluation of a county–town–village three-level drug distribution system within county-level  

Pak. J. Pharm. Sci., Vol.----, No.0, ---------- 20----, pp.000-00 10 

The projected rate of documented adverse drug events 

increased from 5.9 to 8.4 reports per 100 patient-months 

following simulated implementation (p = 0.012). This 

increase was interpreted as improved pharmacovigilance 

resulting from enhanced medication monitoring, 

standardized documentation and coordinated follow-up 

conducted by township health centers and village clinics 

rather than an increase in the true incidence of adverse drug 

reactions. 

 

Importantly, expansion of medication accessibility did not 

increase projected diversion risk.  

 
 

Fig. 4: Projected changes in mean monthly patient travel distance associated with simulated implementation of the 

proposed CTV pharmaceutical distribution framework. 

 

 
 

Fig. 5: Projected continuity of opioid analgesic therapy before and after simulated implementation of the proposed CTV 

pharmaceutical distribution framework in the intervention and comparison policy scenarios. 
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Diversion-risk indicators remained comparable between 

the intervention and comparison scenarios (1.8% vs. 1.9%; 

p = 0.74), suggesting that improved access to opioid 

analgesics could be achieved without compromising 

medication security when supported by standardized 

pharmaceutical governance, electronic traceability and 

routine auditing procedures. 
 

Collectively, the simulation findings indicate that 

implementation of the proposed CTV pharmaceutical 

distribution framework has the potential to improve 

multiple dimensions of opioid medication management. In 

addition to enhancing medication accessibility and 

treatment continuity, the model projected improvements in 

pharmaceutical governance, documentation quality, 

inventory control and pharmacovigilance without 

increasing indicators of medication diversion. These 

findings support the feasibility of the proposed governance 

framework as a policy model for future prospective 

evaluation in county-level healthcare systems. 
 

Projected operational performance of the CTV 

pharmaceutical distribution framework 
The simulation projected a high level of operational 

feasibility for implementation of the proposed CTV 

pharmaceutical distribution framework within county-

level medical consortia. Under the simulated intervention 

scenario, approximately 83.3% of modeled township 

health centers satisfied the predefined requirements for 

authorization to dispense opioid analgesics, including 

secure medication storage, standardized dispensing 

procedures, trained pharmacy personnel and electronic 

documentation capabilities. 

The simulation further projected that 92.0% of pharmacy 

personnel would successfully complete standardized 

pharmaceutical governance training before 

implementation of decentralized dispensing services. 

Compliance with identity verification procedures during 

regulated home delivery remained consistently high, with 

full verification projected for 99.1% of medication 

deliveries. The median projected delivery lead time from 

prescription approval to patient receipt was 18.2 hours, 

reflecting the operational efficiency of the proposed 

coordinated distribution model. 

 

Inventory reconciliation also demonstrated excellent 

projected performance, with 98.5% of monthly 

reconciliation procedures completed according to 

predefined pharmaceutical governance standards. 

Collectively, these findings suggest that the proposed 

governance framework could be implemented with a high 

degree of operational consistency while maintaining 

regulatory oversight of controlled medicines (Table 4). 

 

Sensitivity analysis results 
Deterministic sensitivity analyses were performed to 

evaluate the robustness of the projected policy effects 

under alternative operational assumptions. Simulation 

parameters, including patient volume (±20%), medication 

demand (±15%), travel distance (±20%), documentation 

compliance (±15%) and adverse drug event reporting rates 

(±20%), were systematically varied while maintaining the 

same analytical framework. 

 

Table 3: Projected pharmaceutical governance and medication safety outcomes following simulated implementation of 

the CTV pharmaceutical distribution framework. 
 

Indicator Intervention 

scenario 

Comparison 

scenario 

p-value 

Documentation completeness (%) 88.9 65.0 <0.001 

Inventory reconciliation accuracy (%) 98.0 93.4 0.004 

Documented adverse drug event reports (per 100 patient-months) 8.4 6.3 0.012 

Diversion-risk indicators (%) 1.8 1.9 0.74 

Note: Values represent projected simulation outcomes following implementation of the proposed pharmaceutical 

distribution framework. Higher adverse drug event reporting reflects improved detection and monitoring rather than 

increased medication-related harm, while diversion-risk indicators represent predefined governance alerts rather than 

confirmed diversion events. 
 

Table 4: Comparison of projected operational performance indicators between the intervention and comparison scenarios. 
 

Indicator Intervention Comparison 

Township health centers meeting dispensing authorization criteria (%) 83.3 N/A 

Pharmacy personnel completing standardized certification (%) 92.0 N/A 

Median delivery lead time (hours) 18.2 N/A 

Deliveries with complete identity verification (%) 99.1 N/A 

Monthly inventory reconciliation completed on schedule (%) 98.5 93.4 

Note: Values represent projected operational performance generated by the simulation model. In the comparison scenario, 

decentralized township dispensing and regulated home delivery were not implemented; therefore, some indicators are not 

applicable (N/A). 
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Across all evaluated scenarios, the proposed CTV 

pharmaceutical distribution framework consistently 

demonstrated shorter projected medication access times, 

reduced patient travel distance, improved continuity of 

opioid therapy and higher documentation completeness 

compared with the conventional county hospital-based 

distribution model. Although the magnitude of the 

projected effects varied slightly across simulation 

scenarios, the direction and statistical significance of the 

principal findings remained unchanged. 

 

Additional scenario analyses incorporating reduced 

township dispensing capacity, delayed medication 

transportation and lower eligibility for regulated home 

delivery similarly demonstrated stable performance of the 

proposed pharmaceutical governance framework. These 

findings indicate that the projected benefits of the 

intervention were robust across a range of clinically and 

operationally plausible assumptions, supporting the 

internal consistency of the simulation model. 

 

DISCUSSION 

 

This simulation-based policy-modeling study evaluated the 

potential operational performance of a proposed CTV 

pharmaceutical distribution framework for opioid 

analgesics within county-level medical consortia, using 

Zhejiang Province as a conceptual policy context (Bowra 

et al., 2024). Unlike previous studies that primarily 

describe existing pharmaceutical distribution practices or 

evaluate isolated interventions, the present work developed 

and assessed a comprehensive pharmaceutical governance 

framework integrating centralized county-level oversight, 

township-level dispensing, regulated home delivery and 

village-level follow-up within a closed-loop medication 

management system. The simulation findings suggest that 

such an integrated governance model has the potential to 

improve medication accessibility, strengthen 

pharmaceutical governance and enhance continuity of 

opioid therapy while maintaining appropriate regulatory 

control over controlled medicines (Alford et al., 2025). 

 

One of the principal projected benefits of the proposed 

framework was improved medication accessibility. The 

simulation estimated that decentralizing opioid dispensing 

to qualified township health centers, together with 

regulated home delivery for eligible patients, could reduce 

median medication access time by approximately three 

days while substantially decreasing patient travel distance. 

Although these findings are based on simulated policy 

scenarios, they are consistent with previous studies 

showing that decentralized pharmaceutical services and 

community-based medication delivery can reduce 

geographical barriers to healthcare, particularly in rural 

populations with limited mobility (Clark et al., 2023; 

Lizano-Diez et al., 2022). For patients receiving palliative 

care, reducing travel burden may facilitate more timely 

access to opioid analgesics and improve healthcare 

delivery efficiency. 

 

Another major result of the current study is the expected 

enhancement in opioid analgesic therapy continuity. To 

achieve effective symptom control in palliative care 

settings, patients must have continuous access to 

prescribed opioid medication; interruptions of treatment 

may result in breakthrough pain, unnecessary emergency 

healthcare utilization and deterioration in quality of life 

(Prajapati et al., 2025). Model-directed changes through 

the simulation included increased access, coordinated 

medication dispensing and regulation of home delivery 

with follow-up at the village level, rather than 

modifications to prescribing practice, thereby contributing 

to improved treatment continuity. This finding suggests 

that enhancing organizational capacity of pharmaceutical 

services could improve continuity of care without needing 

to change clinical treatment guidelines or prescribing 

authority. 

 

An important contribution of this study is its emphasis on 

pharmaceutical governance rather than pharmaceutical 

distribution alone. The proposed framework extends 

beyond redistribution of dispensing responsibilities by 

integrating centralized procurement, inventory 

management, prescription governance, standardized 

documentation, electronic traceability and 

multidisciplinary monitoring into a unified governance 

structure. 

 

The projected improvements in documentation 

completeness and inventory reconciliation suggest that 

decentralizing dispensing services does not necessarily 

weaken regulatory oversight when supported by 

standardized governance procedures and continuous 

electronic monitoring. These findings are consistent with 

contemporary pharmaceutical policy literature indicating 

that medication safety depends more on governance 

quality, documentation standards and traceability 

mechanisms than on the physical location where medicines 

are dispensed (Di Gaudio et al., 2024; Van Ornum and 

Wilson, 2025). 

 

The simulation also projected better pharmacovigilance 

because no evidence of an increased risk of diversion was 

identified. The greater number of recorded adverse drug 

events noted in the intervention scenario is largely likely a 

reflection of better detection and reporting due to 

coordinated monitoring at the township level with follow-

up done at the village level rather than representing an 

actual increase in medication-related harm incidence. That 

interpretation is supported by the stable diversion-risk 

proxies found across both policy scenarios. Taken together, 

these data suggest that pharmaceutical governance 

enhancements may improve access to medications, 

documentation quality and safety surveillance without 



Hongwu Wang et al. 

Pak. J. Pharm. Sci., Vol.----, No.0, ---------- 20----, pp.000-00 13 

sacrificing regulatory control over opioid analgesics. These 

observations reflect international guidance for balanced 

policies to open up legal access to controlled medicines 

while strengthening monitoring and accountability systems 

(Coste et al., 2023). 
 

From a health policy perspective, the proposed 

pharmaceutical governance framework provides a 

conceptual approach to strengthening medication 

management within county-level medical consortia. Rather 

than introducing a new healthcare organizational structure, 

it builds on the existing CTV healthcare network by 

defining standardized governance responsibilities at each 

administrative level (Abadie et al., 2025). 
 

Under the framework, county hospitals serve as centralized 

pharmaceutical governance units responsible for 

procurement, inventory control, prescribing oversight and 

auditing; township health centers provide regulated 

dispensing and clinical monitoring; and village clinics 

deliver structured follow-up, adherence support, patient 

education and early identification of medication-related 

concerns. This coordinated approach aligns with broader 

healthcare system goals of strengthening primary 

healthcare, improving equitable access to essential 

medicines and enhancing continuity of pharmaceutical care 

within integrated service networks (Kok et al., 2025). 

From a healthcare governance perspective, the proposed 

pharmaceutical governance framework provides a 

conceptual approach to strengthening medication 

management within county-level medical consortia. Rather 

than introducing a new healthcare organizational structure, 

it builds on the existing CTV healthcare network by 

establishing standardized governance responsibilities at 

each administrative level (Balikubiri et al., 2025). 
 

Within this framework, county hospitals serve as 

centralized pharmaceutical governance units responsible 

for procurement, inventory control, prescribing oversight 

and auditing; township health centers provide regulated 

dispensing and clinical monitoring; and village clinics 

support structured follow-up, medication adherence, 

patient education and early identification of medication-

related concerns (Kok et al., 2025). This coordinated 

model aligns with broader healthcare objectives of 

strengthening primary healthcare, improving equitable 

access to essential medicines and enhancing continuity of 

pharmaceutical care across integrated service networks 

(Ali Thorakkattil et al., 2024). 

 

At the health system level,, the proposed pharmaceutical 

governance framework provides a conceptual approach to 

strengthening medication management within county-level 

medical consortia. Rather than introducing a new 

healthcare organizational structure, it builds on the existing 

CTV healthcare network by defining standardized 

governance responsibilities at each administrative level 

(Shen et al., 2024). 

Under this framework, county hospitals serve as 

centralized pharmaceutical governance units responsible 

for procurement, inventory control, prescribing oversight 

and auditing; township health centers provide regulated 

dispensing and clinical monitoring; and village clinics 

deliver structured follow-up, adherence support, patient 

education and early identification of medication-related 

concerns (Balikubiri et al., 2025). Together, these 

coordinated roles support broader healthcare objectives of 

strengthening primary healthcare, improving equitable 

access to essential medicines and enhancing continuity of 

pharmaceutical care across integrated service networks 

(Osyntseva, 2025). 

 

The conceptual framework assessed within this research 

might also hold wider implications beyond the case of 

Zhejiang Province. While the governance principles 

underlying the proposed model—which include 

centralized oversight, decentralized medication access, 

closed-loop traceability, multidisciplinary coordination 

and standardized documentation—may be transferable to 

any region with a wish to advance access to essential 

controlled medicines, healthcare systems differ greatly in 

their regulatory requirements for drug imports and 

distribution, workforce capacity (understanding of task-

delegation models), digital infrastructure and 

pharmaceutical legislation. However, successful 

implementation in a variety of health care settings may rely 

on integration with local regulatory environments and 

availability of resources and infrastructure provided at a 

national level (Conduah et al., 2025; Belrhiti et al., 2024). 

 

Study limitations 
In interpreting the findings of this study, several limitations 

need to be taken into account. The study was designed as a 

simulation-based policy-modeling rather than an empirical 

implementation investigation. Thus, all reported outcomes 

are hypothetical impacts produced by preset operational 

assumptions and should not be considered direct measures 

of clinical efficacy or real health systems performance 

(Levin et al., 2025). While the simulation modeled 

complex healthcare processes that were based on peer-

reviewed literature, FDA regulations from published 

reports and unique county-level healthcare factors, real-

world implementation may be affected by additional 

organization-specific regulatory requirements as well as an 

economic climate or culture that impact full adoption and 

clinical delivery but were not explicitly represented in the 

model (Garber and Okhrin, 2026). 

 

Second, the current simulation further assumed that all 

modeled county- level medical consortia implement 

uniform governance procedures for their pharmaceutical 

choices. The workforce capacity, pharmacy infrastructure, 

digital information systems, regulatory compliance and 

institutional resources may result in heterogeneity of 

implementation fidelity, which can then have downstream 
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effects on operational performance within the context of 

routine healthcare practice. Thus, future studies should 

assess the proposed framework in various healthcare 

environments to validate its flexibility and generalizability 

(Glasgow et al., 2024). 

 

Third, the simulation focused on health system 

performance and pharmaceutical governance rather than 

patient outcomes. Although the anticipated benefits of 

improved medication accessibility and treatment 

continuity may contribute to better palliative care, patient-

reported pain control, quality of life, caregiver burden, 

medication adherence, healthcare utilization, and 

economic outcomes were not directly assessed in this 

study. But these clinically relevant endpoints should be 

included in future prospective implementation studies (Lee 

et al., 2025). Finally, the conceptual framework was 

evaluated using Zhejiang Province as a representative 

policy context because of its county-level healthcare 

structure and rural service characteristics. Although the 

governance principles proposed in this study may be 

applicable to other healthcare systems, successful 

implementation elsewhere would require adaptation to 

local legislation governing controlled medicines, 

healthcare financing mechanisms, workforce availability, 

pharmaceutical infrastructure and digital health 

capabilities. Consequently, external validity should be 

established through prospective multicenter 

implementation studies before broader policy adoption is 

considered (Wojcik et al., 2025). 

 

Despite these limitations, the present study provides a 

structured proof of concept demonstrating how simulation-

based policy modeling can be used to evaluate innovative 

pharmaceutical governance strategies before large-scale 

implementation. By identifying potential operational 

benefits, governance challenges and implementation 

requirements in a simulated environment, the framework 

offers a practical foundation for future empirical research 

and evidence-informed pharmaceutical policy 

development. 
 

CONCLUSION 
 

This simulation-based policy-modeling study developed 

and evaluated a conceptual CTV pharmaceutical 

distribution framework designed to improve access to 

opioid analgesics for palliative care within county-level 

medical consortia. The simulation projected that 

integrating centralized pharmaceutical governance with 

decentralized township-level dispensing, regulated home 

delivery and structured village-level follow-up may 

improve medication accessibility, reduce patient travel 

burden, enhance continuity of opioid therapy, strengthen 

pharmaceutical governance and support medication safety 

while maintaining regulatory oversight of controlled 

medicines. 

Rather than proposing a new healthcare organizational 

structure, the study demonstrates the potential value of 

strengthening pharmaceutical governance within the 

existing CTV healthcare network through standardized 

operational procedures, electronic traceability, 

multidisciplinary coordination and closed-loop medication 

management. These governance principles may provide a 

useful conceptual framework for future pharmaceutical 

policy development in rural and resource-constrained 

healthcare systems seeking to improve equitable access to 

essential controlled medicines. 

 

Since the results are based on modeled policy scenarios, 

they can be interpreted as forecasts and should not be 

considered proof of real-world impact. Future prospective 

implementation studies conducted within real-world 

healthcare organizational structures with multidisciplinary 

involvement of frontline providers and patients are 

necessary to test the hypothesized operational, clinical, 

economic, legislative and regulatory impact of the 

proposed framework. Implementation feasibility, cost-

effectiveness, patient-reported outcomes and long-term 

sustainability across diverse health care settings should be 

assessed before widespread implementation.  
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