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Abstract: Drug distribution performed through hospital pharmacies facilitates public expenditure 

savings but incurs higher social costs for patients and caregivers. The widespread presence of com-

munity pharmacies could support patient access while also improving drug distribution. The im-

plementation of prescriptive data analyses as constrained optimization to achieve specific objec-

tives, could be also applied with good results in the healthcare context. Assuming the perspective 

of the Italian National Healthcare Service, the present study, built upon existing research in this 

field, proposes a decision support tool that is able to define which self-administered drugs for 

chronic diseases should be distributed by community pharmacies, answering to critical challenges 

in the case of future pandemics and healthcare emergencies, while also providing suggestions for 

the institutional decision-making process. Moreover, the tool aids in determining the optimal setup 

of the drug distribution network, comparing centralized (hospital pharmacies) and decentralized 

(community pharmacies) approaches, as well as their economic and social implications. 

Keywords: supply chain design; optimization; decision support systems; pharmaceutical  

distribution network; economic assessment 

 

1. Introduction 

Evidence from the literature evidence [1] shows that the pharmaceutical supply chain 

is composed of a set of different players: manufacturers, including pharmaceutical com-

panies, but also laboratories and co-manufacturers, wholesalers, distributors, brokers, 

customers, logistics providers, and regulatory agencies [2], with significant variations be-

tween countries, particularly in national regulatory frameworks. This supply chain is 

characterized by a high level of complexity due to the need for communication and coor-

dination between multiple parties, and the definition of the distribution models is also 

driven by contextual factors, such as product features (often subjected to a cold chain), 

service requirements, distribution channels, demand properties, and national or local leg-

islative restrictions. The definition of a proper pharmaceutical supply chain may be de-

veloped, guaranteeing a high level of service to patients, containing costs, and recognizing 

the drugs’ ethical value [3]. 

To ensure economic viability and accessibility, also considering the increase in the 

demand for drugs and healthcare services, healthcare systems must explore novel reme-

dies, developing more efficient and resilient supply chain models. For example, shifting 

the healthcare focal point from hospitals to primary care settings (such as community 
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hospitals or houses and/or homecare deliveries) is emerging as a potential solution to con-

trol expenses while upholding service excellence [4,5]. 

Assuming that the drug dispensation phase is perceived as very relevant for the citi-

zens/users and for society in general, considering both patients and their families/caregiv-

ers, two main distribution models and strategies were proposed and implemented by the 

Italian National Healthcare Service (NHS), as reported in Figure 1. One approach, charac-

terized by centralization and called “Direct Distribution” (DD), is related to distributing 

drugs directly through the hospital channel, leading to cost savings concerning treatment 

management, but often resulting in higher social expenses for both patients and caregiv-

ers. On the other hand, to guarantee a more capillary distribution of drugs and to enhance 

proximity to patients, there is another model in the Italian context, called “Distribution 

Through Community Pharmacies on Behalf of Hospitals” (DTP), whereby community 

pharmacies ensure the dispensation phase of the drugs.  

 

Figure 1. The two distribution models used by the Italian National Healthcare Service: Direct Dis-

tribution and Distribution Through Community Pharmacies on Behalf of Hospitals. 

When compared to other distribution networks, the COVID-19 pandemic revealed 

the limitations and weaknesses of the centralized distribution design, which placed hos-

pital pharmacists at the center of the distribution network. With direct access to hospital 

facilities, direct distribution increased the danger of infection and may have played a piv-

otal role in the COVID-19 pandemic’s spread. Even during the pandemic period, when 

many industrial settings saw significant disruptions in their supply chains, the patients’ 

rights and treatment continuity were guaranteed thanks to a robust National Healthcare 

Service capable of providing the necessary services and continuing the delivery of care 

services, representing a significant portion of Italy’s GDP. 

However, the pandemic shed light on critical issues in the distribution process and 

the increased risk of contagion in the event of excessive use of DD, especially for frail 

patients, in case of a new health emergency [6]. DD is the principal distribution network 

used in the healthcare field, and it is typically designed as a centralized model with hos-

pital pharmacies and specialists serving as the principal nodes. However, a decentralized 

distribution network would be stronger and more resilient if general practitioners, pri-

mary care providers, and community pharmacies would play an active role in the distri-

bution phase [7]. 

Moving on from these premises, drugs distribution issues are therefore becoming a 

relevant topic, not only for the healthcare system but also for the different actors actively 

involved in the pharmaceutical supply chain and the entire society, which is the sum of 

the families/caregivers and patients/healthcare system users. All the players aim to define 
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and structure a well-organized pharmaceutical supply chain, from an operational per-

spective, analyzing data about drug consumption and dispensation, but also assuming a 

more strategic approach, to assess economic and organizational issues, highlighting the 

advantages of the different distribution models and defining an efficient and resilient dis-

tribution network. 

Furthermore, considering the current social, epidemiological, demographic, and cul-

tural context characterized by an increased demand for healthcare services and delivery, 

all National Healthcare Services (NHSs) are inclined to act to ensure economic sustaina-

bility and affordability. In particular, chronic conditions, which represent the main cause 

of 70% of worldwide deaths, define the relevant consumption of services and resources in 

all healthcare systems, considering their long-lasting nature and the severe correlated 

healthcare consequences [8]. 

Focusing on these diseases, the main aim of this study is to investigate the different 

available distribution models and channels, analyzing which drugs among those cur-

rently dispensed by hospital facilities could be transferred to community pharmacies, also 

preventing distribution problems in future pandemic or healthcare emergency situations, 

adopting an optimization approach, and developing a web-based application able to sup-

port the decision-making process [9]. 

Based on the study’s objective, the following research questions were developed and 

explored. 

RQ1. Which self-administered drugs for chronic diseases among the ones currently dispensed with 

a centralized distribution approach could be instead dispensed by community pharmacies? 

RQ2. Which drug distribution model, centralized or decentralized, is more effective financially and 

socially? What impacts, including economic, organizational, and patient accessibility, can be ob-

served? 

The manuscript is organized as follows. First, the background of the study is pro-

vided, offering details on the important factors that must be evaluated to define an opti-

mal pharmaceutical distribution network and on prescriptive analytics in the healthcare 

distribution setting. Then, the proposed model and decision support system developed to 

answer the RQs are outlined. Next, results are presented and discussed. Finally, the con-

clusions are drawn. 

2. Background 

2.1. Relevant Factors for Pharmaceutical Distribution Network Design 

Considering the entire drug management process, the distribution phase appears to 

be the most relevant phase for users and society in general, involving both patients and 

their caregivers, and with considerable implications for healthcare system sustainability. 

For this reason, many studies were focused on the economic impact related to the alterna-

tive distribution models [10], in terms of direct costs and indirect costs, or on the implica-

tions of the distribution models for pharmaceutical consumption and expenditure [11]. 

The literature stressed the importance of improved service design [12], but focused, in the 

majority of cases, on the operational side, lacking evidence concerning performance anal-

ysis and management, customer orientation, and organizational factors [13]. The arrange-

ment of the pharmaceutical services influences the quality of care as perceived by patients 

and society: devising an effective method for dispensing drugs is not an easy task, encom-

passing more than just the basic product that is supplied. Thus, starting from these prem-

ises, healthcare administrators and logistics professionals need to allocate resources to en-

hance distribution quality and innovation, with a focus on incorporating the patient’s per-

spective [14]. 

From an organizational perspective, to develop a pharmaceutical distribution net-

work, it is necessary to understand the drugs’ volumes, the number of dispensing points 



Systems 2024, 12, 56 4 of 20 
 

 

and related geographical locations, the population basin that may be served, the availa-

bility and presence of qualified personnel, also some features of the drugs such as the 

expiration date, or particular storage characteristics [15]. 

Several variables, such as the length of the treatment, the innovativeness of the ther-

apy, the administration’s modalities, or the need for a target exam measuring a specific 

biomarker, could impact the delivery of specialized drugs and medications to the patients. 

Furthermore, the need to monitor the occurrence of adverse events, also with the support 

of highly specialized healthcare professionals, could influence treatment management, 

considering that, at the same time, some drugs could be administered at home, with only 

the support and monitoring of caregivers and families [16]. 

From the patients’ perspective, social costs, in terms of the lack of productivity and 

equity of access, may be evaluated, considering that adherence to the prescribed pharma-

ceutical strategy could be affected and influenced by the facility and efficiency of the dis-

tribution process, and therapeutic effectiveness should be supported by a structured and 

easy-to-manage distribution model while reducing any treatment changes [17]. Consider-

ing the caregivers’ point of view, a well-conceived and designed drug distribution net-

work could help reduce supply and delivery times, focusing the efforts on direct patient 

support, communication issues, and the overall management of the disease.  

2.2. Prescriptive Analytics in the Pharmaceutical Distribution Setting  

Prescriptive analytics is the process of using data and mathematical algorithms to 

determine the optimal course of action evaluating alternative decisions that involve goals 

and requirements characterized by complexity. Scenarios are modeled based on the eval-

uation of multiple parameters depending on the system being described and on the con-

text the system is a part of. A variety of computational methods and technologies can be 

exploited to address the objectives of prescriptive analytics supporting decision-making, 

such as machine learning/data mining, evolutionary computation, simulation, logic-based 

models, and optimization via mathematical programming or heuristics algorithms [18].  

In the logistics and supply chain environment, prescriptive analytics has been 

adopted to optimize facility locations, resource allocations, inventory levels, and route 

planning, enhancing operational efficiency and reducing costs [19]. Considering the case 

of the drug supply chain, distribution represents the final link that brings finished prod-

ucts to the final consumers, namely the patients. The distribution stage is usually per-

formed by hospital pharmacies or community pharmacies, or by temporary points of dis-

pensing, providing medicine and medical supplies (vaccines, drugs, and therapeutics) to 

patients. Prescriptive analytics has mostly considered facility location problems [20–26]. 

The involvement of community pharmacies in the drug distribution model is reported to 

support the increase in the population’s access to drugs, reduce costs, and provide fair 

access to patients. 

The work by Singh and colleagues [20] proposes a method for optimizing the location 

of dispensing points within a set of 1023 community pharmacies within the state of Texas 

to distribute antiviral drugs, maximizing the reach of the population and limiting access 

to hospitals. The considered geographic resolution is ZIP code areas and the access level 

is based on a willingness to travel function, determining the fractions of the target popu-

lation willing to travel at least a selected distance. Integer linear programming models are 

adopted to achieve the optimal solutions. This method is appropriate to the limited com-

plexity of the problem, considering a small set of drugs and overlooking several con-

straints, such as the number of available antiviral drug doses, the amounts to be shipped 

to each point of dispensing, and their capacities. 

The evidence proposed by Zhang, Dai, and Han [21] encompasses the problem of 

optimizing the commercial pharmacy distribution network, given fixed amounts of anti-

viral drugs, in Shanghai city. The optimization is a network-based model aimed at max-

imizing multiple objectives. In this case, access to clusters from 2036 commercial pharma-

cies in Shanghai is calculated according to a willingness-to-travel model that considers 
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both the distance between the pharmacy and citizens’ locations and the pharmacy’s rep-

utation. The optimization model is applied to a limited problem, i.e., a problem that con-

siders a restricted set of pharmacies from the clustering as points of dispensing and that 

overlooks the capacity of the pharmacies.  

Another manuscript by Risanger and colleagues [22] deals with selecting community 

pharmacies as points of dispensing COVID-19 tests to maximize the number of citizens 

who can travel to pharmacies. The developed mixed integer linear programming optimi-

zation model considers a willingness-to-travel function, based on an exponentially decay-

ing fraction of the population and distance. The problem considered by this study com-

prises sites at national and state levels in the US partitioned into ZIP code areas. On the 

other hand, the considered model does not encompass the capacity of each pharmacy, 

assuming that supply is sized to be proportional to demand by market forces, as it is chal-

lenging to manage matching dispensing capacity with demand. Optimal solutions are ob-

tained for reduced problem sets, considering different subsets of points of dispensing.  

The problem considered by Emu and co-authors [23] deals with the selection of opti-

mal vaccine distribution centers developing a constraint satisfaction programming model 

for a given geographical region considering priority groups. The objective function aims 

to maximize distribution for priority groups, e.g., the aged population, while minimizing 

the average travel distance to reach the point of dispensing. A clustering technique is 

adopted to assign each hospital to its closest vaccine point and then consider the travel 

distance, obtaining a set of optimally selected vaccine points of dispensing based on the 

distance. The model is applied to two experiments based on randomly generated data and 

real data obtained from the city of Chennai, India, dividing the area into 15 zones. The 

proposed algorithm provides an efficient solution to the problem, representing an alter-

native to optimization. 

Other recent works have focused attention on dynamic approaches. Liu and col-

leagues [25] address facility location and dynamic capacity planning with demand uncer-

tainty. A two-phase optimization framework is developed to locate facilities and adjust 

capacity during large-scale emergencies, first locating testing facilities and designing their 

capacities using a sample average approximation formulation, and as the second step, 

dynamically adjusting resources facing varying demand caused by pandemics. The goal 

of this work is to identify the optimal location and capacity strategies during the entire 

time horizon, i.e., considering uncertainty, to minimize the total operational cost. This 

problem concerns the testing facilities, i.e., it focuses on a unique item. The model is ap-

plied to the case of 333 geographical centers of towns across Beijing demonstrating its 

applicability. Similarly, He et al. [26] focus on testing sites, i.e., on a unique item to be 

distributed, to optimize the site deployment strategy considering the spatial–temporal 

distribution of the testing population and the time-varied availability of testing resources. 

The model is tested through a real-world case study in the Chenghua district of Chengdu, 

China, demonstrating that dynamic deployment contributes to cost reduction. 

Previous literature has tackled the issue of considering alternative points of dispens-

ing in the drug distribution network, mainly by optimizing methods in mathematical pro-

gramming, such as linear programming and its variances [24]. The objectives most often 

considered are the minimization of operational costs adopting an alternative point of dis-

pensing and the maximization of the reached population. As constraints, providing equi-

table and easy access to all patients, mainly modeled through limitations on distances 

representing patients’ willingness to travel, point of dispensing capacity, and budget, or 

the number of fully open facilities are considered. Moreover, depending on populations 

of different sizes and densities, a variety of solutions is needed.  

In tackling the issue of alternative points of dispensing in the drug distribution net-

work, previous literature has limited attention to either a unique drug or test, to a part of 

the population affected by a specific disease, or to a set of pharmacies/dispensation points, 

without having an extensive view of a comprehensive population, representative of the 

population and patients’ needs. Extending previous literature, this work proposes a 
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model that considers a wide set of drugs and all the available dispensation points and 

patients, while considering the capacity constraints on dispensation points and equitable 

access. 

3. Materials and Methods 

This study aims to respond to the RQs by developing a prescriptive analytics model 

that exploits the strengths of previous research, i.e., considering willingness to travel and 

equitable access, and overcomes its limitations, i.e., considering small sets of drugs, over-

looking capacity constraints, and considering clusters of pharmacies. The prescriptive 

model is hosted by a web application that could be accessed by decision-makers via a web 

interface. The present study proposes an application of the model to the case of the Local 

Health Protection Agency Insubria (below named ATS Insubria), an Italian local health 

authority, covering the areas of the Como and Varese municipalities, located in Northern 

Italy. 

3.1. Data Collection 

Through a data extraction algorithm, all drug therapies distributed in three years 

from 2018 to 2020, in the case of patients suffering from chronic pathologies, belonging to 

the ATS Insubria territory and who have had access to the distribution of drugs from hos-

pital pharmacies or community pharmacies, will be selected considering all the cases 

meeting the inclusion criteria specified below. For the purpose of this study, all patients 

with at least two months of prescriptions and drug dispensation through these two alter-

native distribution points will be enrolled, starting from all the prescriptions that occurred 

in the ATS Insubria territory during the reference time horizon, defined concerning the 

primary objective, which is based on an organizational and economic approach, and con-

sidering that the study has not been driven by therapeutic efficacy and the patients’ com-

pliance to the treatment. Patients requiring home treatment under a hospital specialist 

prescription are considered and, in the extraction, the data will refer to drugs prescribed 

to the patients only by a hospital specialist, considering drugs to be self-administered by 

the patients themselves or with the support of caregivers. These drugs could then be dis-

pensed in Direct Distribution (DD) or Distribution Through Community Pharmacies on 

Behalf of Hospitals (DTP), depending on the typology of the drugs, the pathology treated, 

and the patients’ characteristics. All these medications were registered and reported in an 

administrative flow, called “File F” (a specific Italian record infrastructure for the man-

agement and reporting of all drugs prescribed by hospital specialists, supplied by hospi-

tals or community pharmacies for outpatient or home use, to ensure continuity of care). 

The study protocol was verified and approved by the ATS Insubria and Carlo Catta-

neo—LIUC University Ethical Committees. This step ensured that the data handling and 

analysis methods met the highest standards of integrity, respecting the patients’ privacy 

and data processing principles. 

3.2. Quantitative Assessment: An Organizational and Economic Assessment 

Organizational assessment could provide valuable information to health local or re-

gional authorities looking to improve their performance and better respond to stakehold-

ers’ needs and requirements. From an economic perspective, the methodology employed 

in this research project pivoted on a robust quantitative assessment aimed at unraveling 

the economic costs occurring in the distribution of drugs through hospitals and commu-

nity pharmacies.  

Assuming the perspective of ATS Insubria, an economic evaluation was conducted 

to define the financial implications of drug distribution through different channels, ana-

lyzing the differential cost components, including acquisition, storage, and distribution of 

medications, in the two main distribution channels of reference, and assuming the differ-

ential costs among the two potential distribution channels. Considering the organizational 
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assessment, the cost per dispensation in hospitals (EUR /dispensation) was analyzed and 

defined, considering aspects such as the pharmacists’ or other professionals’ remunera-

tion tariffs per hour/minute.  

In addition, the research delved into the remuneration models for community phar-

macists, exploring economic sustainability and assessing whether the compensation struc-

tures aligned with the burdens covered by the community pharmacies, as also defined by 

the regional regulations to state the EUR /package (Lombardy Regional Agreement No. 

XI/796, 2018). 

3.3. The Prescriptive Model 

The model represents the problem of selecting the correct distribution channel 

through which the patients could obtain drugs, considering if each drug could be eligible 

for distribution in the community pharmacy and constraints on the distances and capaci-

ties. The formulated problem combines the facility location optimization model and the 

capacity allocation to consider: (i) the consequent increase in distribution costs, (ii) the 

need to provide equitable and easy access to all patients, (iii) the desired reduction of 

pressure on hospitals, and (iv) constraints on community pharmacy capacity. Table 1 re-

ports the notations of the model. 

Table 1. Parameters and variables notations used in the model. 

Parameters 

I Set of considered drugs 

K Set of considered groups of patients 

L Set of considered community pharmacies for DTP 

H Set of considered hospital pharmacies for DD 

Ci 
Extra cost for distributing the drug i ∈ I through the community phar-

macies, expressed in EUR /unit 

Assignikl 
Assignment of demand of drug i ∈ I expressed by the group of pa-

tients k ∈ K, to community pharmacy l ∈ L, Boolean 

Dik Demand for drug i ∈ I expressed by the group of patients k ∈ K, units 

DISTikl 
Possible link between the groups of patients k ∈ K and community 

pharmacy l ∈ L for drug i ∈ I, Boolean 

Mdist Maximum travel distance determined by the decision-maker 

MaxHospital 
Reduction of volumes distributed through the hospital pharmacies for 

DD, in units 

MaxPharmal Maximum capacity of community pharmacy l ∈ L, in units 

M Constant value 

Decision variables 

zi 

Binary variable indicating the exclusive distribution channel for drug i. 

If zi = 1, the drug is distributed through community pharmacies, if zi = 

0, the drug is distributed through hospital pharmacies. 

xikl 

Binary variable indicating the distribution of drug i by a group of pa-

tients k through community pharmacy l. xikl = 1 if the distribution is as-

signed to this channel; otherwise, xikl = 0 

yikl 

Binary variable indicating the distribution of drug i by a group of pa-

tients k through hospital pharmacy h. yikl = 1 if the distribution is as-

signed to this channel; otherwise, yikl = 0.  

Considering the model inputs, MaxHospital is the quantity measured in units that 

signifies the volume required to alleviate pressure on hospital distributions, as deter-

mined by the decision maker, i.e., the minimum volume that should be distributed 

through community pharmacies. While the model accounts for equitable access as the 



Systems 2024, 12, 56 8 of 20 
 

 

maximum travel distance determined by the decision maker (Mdist), using DISTikl the al-

location of distribution through pharmacy channel l ∈ L can only occur when the distance 

between the pharmacy l ∈ L and patient group k ∈ K is less than the established maximum 

distance. Therefore, DISTikl equals 1 if the distance between the pharmacy and the patient 

group is either smaller or equal to the distance specified by the decision-maker. The values 

of DISTikl are part of the model’s input and are computed using the haversine function. 

MaxPharmal is a measurement in units that signifies the highest volume that can be allo-

cated to each community pharmacy. The demand volumes, denoted as Dik, for each drug 

and geographical area, can span from 1 to N years, as determined by the input provided 

by the decision maker. According to Costantino [27], the typical horizon considered by 

strategic decisions in the context of the Italian drug supply chain spans from 1 to 3 years. 

Given these assumptions, the objective function and the model constraints are outlined in 

the following, obtaining an integer linear problem. 

min ∑ ∑ ∑ 𝑥𝑖𝑘𝑙 ∙ 𝐷𝑖𝑘 ∙  𝐶𝑖

𝑙𝑘𝑖

 (1) 

The objective function outlined in Equation (1) seeks to minimize the rise in costs 

associated with the distribution of drugs through pharmacies (xikl). This cost increase de-

pends on several factors, including whether a particular drug i is distributed by pharmacy 

l serving area k (xikl = 1), the demand volume within area k (Dik), and the specific cost in-

crease associated with drug i (Ci) for each unit distributed through this channel. The pri-

mary goal is to minimize costs while adhering to the following constraints: 

𝑥𝑖𝑘𝑙 ≤  𝑀 ∙ 𝑧𝑖                ∀ 𝑖, 𝑘, 𝑙 (2) 

𝑦𝑖𝑘ℎ ≤   𝑀 ∙ (1 − 𝑧𝑖)                ∀ 𝑖, 𝑘, ℎ (3) 

∑ 𝑥𝑖𝑘𝑙 

𝑙

+ ∑ 𝑦𝑖𝑘ℎ 

ℎ

= 1               ∀ 𝑖, 𝑘 (4) 

𝑥𝑖𝑘𝑙 ≤  𝐷𝐼𝑆𝑇𝑖𝑘𝑙                 ∀ 𝑖, 𝑘, 𝑙 (5) 

∑ ∑ 𝑥𝑖𝑘𝑙 ∙ 𝐷𝑖𝑘 

𝑘𝑖

≤  𝑀𝑎𝑥𝑃ℎ𝑎𝑟𝑚𝑎𝑙                 ∀ 𝑙 (6) 

∑ ∑ ∑ 𝑥𝑖𝑘𝑙 ∙ 𝐷𝑖𝑘 

𝑘𝑖𝑙

≥  𝑀𝑎𝑥𝐻𝑜𝑠𝑝𝑖𝑡𝑎𝑙  (7) 

𝑦𝑖𝑘ℎ , 𝑥𝑖𝑘𝑙 , 𝑧𝑖 = 0, 1                ∀ 𝑖, 𝑘, ℎ (8) 

The constraints in Equations (2) and (3) model the exclusivity of the distribution 

channel for each drug i. The variable zi assumes a value equal to 0 if the drug i ∈ I is sug-

gested to be distributed through hospital pharmacies (DD), while it assumes a value equal 

to 1 if the drug i ∈ I is suggested to be distributed through community pharmacies (DTP): 

 𝑧𝑖 = {
0 if i is distributed through hospitals pharmacies    
1 if i is distributed through commercial pharmacies

  

According to Equation (2), if, for a given drug i belonging to the set of drugs I, the 

variable zi is equal to 1, it indicates that the total demand for drug i from any patient group 

k in set K will be fulfilled exclusively through a community pharmacy l in set L. Conse-

quently, in this scenario, xikl will be set to 1, denoting this distribution channel. If zi is not 

equal to 1, then xikl will be set to 0, indicating that the distribution does not occur through 

community pharmacy l. Conversely, if for a given drug i in set I, the variable zi is equal to 
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0, it signifies that the entire demand for drug i from any patient group k in set K will not 

be fulfilled through a community pharmacy l in set L. In this case, xikl will be set to 0, 

indicating that the distribution through community pharmacy l does not take place for 

that drug. 

According to Equation (3), if for a specific drug i within set I, zi equals 0, then the 

entire demand for drug i from any patient group k in set K will be distributed through a 

hospital pharmacy h in set H. In this scenario, yikh will be set to 1, indicating that the distri-

bution is occurring through the hospital pharmacy. Conversely, if zi equals 1 for the drug 

i in set I, the demand for drug i from any patient group h in H will not be fulfilled through 

hospital pharmacy h, and yikh will be set to 0, signifying that there is no distribution 

through the hospital pharmacy for that drug. 

The constraint represented by Equation (4) ensures that each drug i for every patient 

group k is exclusively distributed through either a community pharmacy l in set L or a 

hospital pharmacy h in set H. This guarantees that the distribution of each drug to any 

patient group is uniquely assigned to only one type of pharmacy, thereby preventing any 

overlap in distribution channels. 

The constraints from Equation (5) through Equation (7) are designed to address var-

ious operational requirements, including the patient service level, the capacity of commu-

nity pharmacies, and the aim to reduce the strain on hospitals. Specifically, Equation (5) 

ensures that the distance from a community pharmacy (l in set L) as the dispensing point 

to the patient’s location (k in set K) does not surpass a maximum limit established by the 

decision-maker. This service level constraint is crucial for providing patients with equita-

ble and convenient access to medications. Furthermore, the model accounts for the dis-

pensing capacity of community pharmacies. As stipulated by Equation (6), the volume of 

drugs distributed at each dispensing point (l in set L) must not exceed a predetermined 

maximum threshold. Lastly, the requirement set forth by Equation (7) mandates that com-

munity pharmacies (L) distribute a specific volume of drugs, which is instrumental in 

achieving the targeted reduction in the workload of hospital pharmacies. 

3.4. Heuristic Algorithm 

The web server hosting the application, implemented using the base R package called 

Shiny, is the software layer responsible for receiving requests entered through the user 

interface (starting from the web client), appropriately managing them, and providing cor-

responding responses. To overcome potential issues deriving from the time needed to 

achieve the optimal solution of problems potentially constituted by a billion variables, in 

the study planning phases, a further algorithm, based on heuristic principles, was de-

signed and implemented to achieve a solution nearing the optimal within a feasible 

timeframe, in the event the web app’s response times are too long. This heuristic algorithm 

consists of the following steps (and the flowchart is depicted in Figure 2): 

(1) Prioritizing drugs in ascending order based on their cost (Ci) impact on the national 

healthcare system transitioning their distribution from hospitals (DD) to pharmacies 

(DTP). This ordering is critical as the heuristic algorithm evaluates drugs individu-

ally, making it prudent to begin with those having the least cost impact. Starting with 

higher-cost drugs risks saturating pharmacy capacities, thereby hindering efficient 

distribution in the Italian National Healthcare Service. 

(2) Setting up initial indices for various entities: drugs (i), groups of patients (k), and 

groups of pharmacies (l). 

(3) Determining whether there are more drugs to evaluate (i ≤ I). If no further drugs are 

left, the algorithm concludes. If there are additional drugs to be considered, it pro-

ceeds to step 2. 

(4) Verifying that the total demand for drug ‘i’ (∑ 𝑫𝒊𝒌𝒌 ) does not exceed the remaining 

access capacity of all pharmacies (∑ 𝑴𝒂𝒙𝑷𝒉𝒂𝒓𝒎𝒂𝒍𝒍 ), ensuring that drug ‘i ’ is eligible 

for DTP. If this condition is not met, the algorithm increases the drug index (i = i + 1), 
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resets the indices for a patient (k = 1) and pharmacy groups (l = 1), and reverts to step 

3. If the condition is fulfilled, then the remaining access capacity is updated 

(∑ 𝑴𝒂𝒙𝑷𝒉𝒂𝒓𝒎𝒂𝒍𝒍 =  ∑ 𝑴𝒂𝒙𝑷𝒉𝒂𝒓𝒎𝒂𝒍𝒍 − ∑ 𝑫𝒊𝒌𝒌 ) and the process progresses to step 

5. 

(5) Evaluating the presence of additional patient groups for drug ‘i’ (k ≤ K). If none re-

main, the algorithm increases the drug index (i = i + 1), resets the indices for a patient 

(k = 1) and pharmacy groups (l = 1), and revisits step 3. If more groups exist, it pro-

ceeds to step 6. 

(6) Organizing community pharmacies in ascending order of their distance from the con-

sidered patient group ‘k’. This prioritization aims to expedite the process. It allows 

for a cut-off when the distance to a pharmacy group ‘l’ exceeds the maximum ac-

ceptable distance for patient group ‘k’, eliminating the need to assess further phar-

macy groups. 

(7) Determining if more pharmacy groups need to be considered for patient group ‘k’ (l  

≤ L). If not, the algorithm increases the patient group index ‘k’ (k = k + 1), resets the 

pharmacy group index (l = 1), and returns to step 5. If additional groups are to be 

considered, it proceeds to the next step. 

(8) Verifying that the number of accesses from patient group ‘k ’ for drug ‘i’ (Dik) is within 

the remaining capacity of pharmacy group ‘l’ (MaxPharmal). If it exceeds, the phar-

macy group index (l) is incremented (l = l + 1) and the process loops back to step 7. If 

within capacity, the algorithm progresses to step 9. 

(9) Ensuring that the distance between patient group ‘k’ and pharmacy group ‘l’ does 

not surpass the maximum distance acceptable to the patient group. If it does, the 

algorithm increments the patient group index ‘k’ (k = k + 1), resets the pharmacy group 

index (l = 1), and reverts to step 3. If the distance is acceptable, the algorithm pro-

gresses to step 10. 

(10) The variable Assignikl is set = 1, to record that demand of drug i ∈ I expressed by the 

group of patients k ∈ K can be distributed through community pharmacy l ∈ L, and 

the algorithm progresses to step 11. 

(11) Determining if all demands of drug i ∈ I expressed by all patients have been consid-

ered. If not, the patient group index ‘k’ is increased (k = k + 1), the pharmacy group 

index (l) is reset (l = 1), and the process returns to step 5. If all demands of drug i ∈ I 

have been considered the algorithm progresses to step 12. 

(12) The decision variable xikl is set to Assignikl (indicating that pharmacy group ‘l’ will 

serve patient group ‘k’ for drug ‘i ’), the remaining capacity of pharmacy group ‘l’ is 

updated (MaxPharmal = MaxPharmal − Dik), the drug index ‘i ’ is increased (i = i + 1), 

the pharmacy group index (l) is reset (l = 1) and the process returns to step 3. 

Constraints (2)–(4) of the programming model, modeling the exclusivity of the dis-

tribution channel for each drug and ensuring that each drug is exclusively distributed 

through either a community pharmacy or a hospital pharmacy, are enforced in the algo-

rithm in several ways. First, the algorithm ensures that if the distribution is set through a 

community pharmacy all demand will be satisfied through this channel (Steps 4–11). Oth-

erwise, in case total drug demand exceeds the total pharmacy capacity (Step 4), or the 

maximum distance between patients and pharmacies is exceeded in at least one case (Step 

9), the distribution is not set through community pharmacies. Steps 10 and 11 ensure the 

exclusivity of the distribution channel. 



Systems 2024, 12, 56 11 of 20 
 

 

 

Figure 2. Flowchart of the heuristic algorithm applied to solve the problem. 

3.5. Scenario Definition 

To implement the proposed model, the actual drug distribution design, the relevant 

drugs currently distributed and already recorded in the administrative flows of ATS In-

subria for the three years observed for which data are available (in terms of volumes, 

drugs distributed, healthcare facilities involved, and economic value reached), represent 

the AS IS Scenario. Thus, the AS IS Scenario was defined considering the current choices 

of ATS Insubria in terms of drug dispensation channels between DD and DTP, with more 

restrictive decisions than what regulatory dictates could allow. The drugs currently reg-

istered in the typology of File F are called “Double Channel”, because this category of 

drugs could be distributed without distinction or restriction under DD or DTP, and for 

which also ATS Insubria’s regulations define the possibility to be managed and dispensed 

by community pharmacies, are allocated to the DTP channel. All the others were allocated 

to the DD channel. 
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Then, five potential TO BE Scenarios, to calibrate the optimization model, were de-

fined and validated involving a panel of eleven expert hospital pharmacists from different 

Italian Regions. To outline the TO BE Scenarios of interest for the proposed analyses, the 

necessity to assume a comprehensive perspective able to capture all the Italian Regions’ 

legislations and approaches to the drug dispensation models that are currently imple-

mented arises, considering that in real practice, among the twenty-one Italian Regions and 

Autonomous Provinces, economic aspects as well as the organizational models imple-

mented in hospital and community facilities could change, due to the differences existing 

in the territories, and related regulatory dictates. Therefore, the distribution of pharmacies 

and their purposes are often mismatched according to regional regulations and agree-

ments. 

In the following, the five TO BE Scenarios are described. For each scenario, alterna-

tive sets of drugs (I) considered by the prescriptive model are presented. 

i. The first TO BE Scenario is based on the current ATS Insubria regulations, potentially 

allocating only 13.6% of the drugs currently dispensed by hospital pharmacies to the 

DTP channel. 

ii. The second TO BE Scenario is based on the other Italian Regions’ regulations, assum-

ing that a drug could be dispensed within the DTP channel if 70% of the other Italian 

Regions’ regulations define that drug as suitable for DTP; thus, potentially allocating 

14.1% of the drugs currently dispensed by hospital pharmacies to the DTP channel. 

iii. The third TO BE Scenario is based on the other Italian Regions’ regulations, assuming 

that a drug could be dispensed within the DTP channel if half of the other Italian 

Regions’ regulations define that drug as suitable for the DTP; thus, potentially allo-

cating 16.6% of the drugs currently dispensed by hospital pharmacies to the DTP 

channel. 

iv. The fourth TO BE Scenario is based on the other Italian Regions’ regulations, assum-

ing that a drug could be allocated to the DTP channel if almost in one of the other 

Italian Regions that drug is currently dispensed by the community pharmacies; thus, 

potentially allocating 35.8% of the drugs currently dispensed by hospital pharmacies 

to the DTP channel. 

v. The fifth TO BE Scenario is based on the hypothesis that only the innovative drugs 

in the related budget remain within the Direct distribution channel, and all the other 

drugs could be dispensed in the DTP setting; thus, potentially allocating 68.5% of the 

drugs currently dispensed by hospital pharmacies to the DTP channel. 

Considering the 1660 different drugs dispensed and registered in File F, the following 

Table (Table 2) reports the percentage of drugs potentially distributed through the DTP 

channel, that were considered in the model. For each TO BE Scenario, within the set of 

drugs I, the prescriptive model will identify which drug i ∈ I will be dispensed through 

community pharmacies, considering the constraints on total demand, distances, and com-

munity pharmacies capacity. 

Table 2. Percentage of drugs potentially distributed through DTP, considering the AS IS and the 

five potential TO BE Scenarios. 

 
AS IS  

Scenario 

1st TO BE Sce-

nario 

2nd TO BE 

Scenario 

3rd TO BE Sce-

nario 

4th TO BE Sce-

nario 

5th TO BE 

Scenario 

Distribution Through 

Pharmacies on behalf of 

the hospital (DTP) 

13.6% 14.1% 14.4% 16.6% 35.8% 68.5% 
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4. Results 

As the number of decision variables in this model for the ATS Insubria context is in 

the range of billions, its optimal resolution was computationally impossible. Hence the 

heuristic algorithm developed was implemented to obtain a solution close to the optimum 

while adhering to the constraints of the original model in a reasonable amount of time. In 

the following, the results proposed by the model and the comparison with the current 

distribution network are presented. A total sample of 43,571 patients was identified 

through the data extraction algorithm and 1,066,930 records in the three-year time horizon 

of reference, retrieved from File F, were analyzed. In addition, the dataset of reference 

includes 1660 different drugs for File F. 

4.1. Quantitative Assessment: An Organisational and Economic Assessment 

From an economic and organizational standpoint, focusing on the dispensing phase 

of the medications’ management, and assuming that this could be considered as the dif-

ferential phase to evaluate the financial impact of the two alternative distribution chan-

nels, the following considerations were stated. For Direct Distribution, performed within 

the hospitals, it was necessary to evaluate the organizational costs linked to the presence 

of the pharmacist(s) and nurse to dispense the drugs to the patients. Assuming the Italian 

NHS perspective, the Table below shows the minutes dedicated by the different 

healthcare professionals for the dispensation phase (considering a range between the min-

imum and the maximum) and the cost per minute for each professional role. As reported 

in Table 3, for each medication dispensation within the hospital setting, a hospital phar-

macist, or alternatively a nurse, must be present. In addition, another hospital pharmacist 

could play an information support role. Each medication dispensation within the hospital 

pharmacy was economically evaluated on average as equal to 14.62 EUR /dispensation, 

considering that the dispensing phase in hospital pharmacies involves nurses only in 30% 

of cases. 

Table 3. Economic evaluation of a single medication’s dispensation within the hospital pharmacy. 

 Minutes (min)  Minutes (max) EUR /minute 
Total Costs EUR 

(min) 

Total Costs EUR 

(max) 

Hospital pharmacist 15 20 0.57 8.55 11.40 

Nurse (if the hospital pharma-

cist is not present) 
5 10 0.29 1.45 2.90 

Hospital pharmacist (in addi-

tion to informative support) 
15 20 0.57 8.55 11.40 

    12.41 16.83 

     14.62 

4.2. Scenarios Modeling and Results 

Table 4 reports the main results of the study considering 60 km as the maximum 

distance between the patients’ locations and considered points of dispensing. The results 

are organized focusing on aspects such as the number of drugs dispensed within the Di-

rect Distribution channel, the number of hospital dispensations, the number of visits by 

the patients (grouping drug dispensations for the same patient and date), the number of 

hospitals in which the hospital pharmacy is involved in drug distribution, the average 

distance traveled by the patients to retrieve their drugs (expressed in kilometers) and the 

economic evaluation (considering the pharmaceutical expenditure and the organizational 

costs related to the EUR /dispensation for the hospital pharmacies or the EUR /package as 

the reimbursement for the community pharmacies). In addition, the number of accesses 

to the community pharmacies is included in the analysis. 
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Table 4. Results for the three years, comparing the AS IS Scenario with the five potential TO BE 

Scenarios. 

2018 
AS IS  

Scenario 

1st TO BE Sce-

nario 

2nd TO BE 

Scenario 

3rd TO BE 

Scenario 

4th TO BE 

Scenario 

5th TO BE 

Scenario 

Number of Drugs Dis-

pensed in Hospitals 
999 998 936 923 762 468 

Number of Hospital  

Dispensations  
175,000 174,978 172,383 171,204 158,976 145,280 

Total Hospital Patient  

Accesses 
140,442 140,431 138,882 138,337 129,998 118,468 

Patients Accessing Hos-

pitals for  

Drug Collection 

23,115 23,114 22,599 22,516 20,882 19,488 

Hospitals involved in the 

distribution 
123 123 120 120 117 108 

Average distance (km) 59 59 59 58 58 57 

Total Cost (EUR) 680,668,005 680,668,014 680,683,330 680,685,706 680,990,725 681,509,016  

Differential Cost with 

the AS IS Scenario (EUR) 
n.a. +9 +15,325 +17,701 +322,720 +841,011 

Total community Phar-

macies Accesses 
5,849,639 5,849,650 5,852,029 5,853,149 5,862,614 5,876,093 

2019 
AS IS  

Scenario 

1st TO BE Sce-

nario 

2nd TO BE 

Scenario 

3rd TO BE 

Scenario 

4th TO BE 

Scenario 

5th TO BE 

Scenario 

Number of Drugs Dis-

pensed in Hospitals 
1032 1032 961 947 791 493 

Number of Hospital  

Dispensations  
217,192 217,192 214,873 213,538 198,880 173,055 

Total Hospital Patient  

Accesses 
176,696 176,696 175,367 174,734 164,490 143,762 

Patients Accessing Hos-

pitals for  

Drug Collection 

24,873 24,873 24,364 24,282 22,123 20,259 

Hospitals involved in the 

distribution 
118 118 116 116 110 107 

Average distance (km) 19 19 19 19 18 17 

Total Cost (EUR) 584,660,654 584,660,654  584,676,532  584,678,270  585,123,396  585,437,467 

Differential Cost with 

the AS IS Scenario (EUR) 
n.a. +0 +15,878 +17,616 +462,742  +776,813  

Total community phar-

macies accesses 
5,700,946 5,700,946 5,703,106 5,704,311 5,715,831 5,739,982 

2020 
AS IS  

Scenario 

1st TO BE Sce-

nario 

2nd TO BE 

Scenario 

3rd TO BE 

Scenario 

4th TO BE 

Scenario 

5th TO BE 

Scenario 

Number of Drugs Dis-

pensed in Hospitals 
1033 1033 954 935 774 469 

Number of Hospital  

Dispensations  
243,804 243,804 241,858 238,330 219,536 189,254 

Total Hospital Patient  

Accesses 
214,687 214,687 213,520 210,892 198,852 172,735 

Patients Accessing Hos-

pitals for  
24,542 24,542 24,102 23,699 21,024 18,196 
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Drug Collection 

Hospitals involved in the 

distribution 
115 115 112 112 98 94 

Average distance (km) 14 14 14 14 12 11 

Total Cost (EUR) 517,420,478  517,420,478  517,426,229  517,430,845  518,159,986  519,165,979  

Differential Cost with 

the AS IS Scenario (EUR) 
n.a. +0 +5751 +10,367 +739,508 +1,745,501  

Total community phar-

macies accesses 
5,250,580 5,250,580 5,252,381 5,255,668 5,269,011 5,297,354 

Table 5 highlights a synthesis of the achieved results among all the potential TO BE 

Scenarios, i.e., considering different sets of drugs to be dispensed within the DTP channel, 

in comparison with the AS IS considering the reduction in terms of hospital accesses and 

distance traveled by the patients to reach the point of drugs’ dispensation but also the 

increase in the managerial and operational costs, considering the healthcare service per-

spective. 

Table 5. Synthesis of the results considering the three years, comparing the AS IS Scenario with the 

five potential TO BE Scenarios and evaluating the reduction in terms of hospital accesses and trav-

elled distance and the increase in costs (considering that “-" represents no variation in the observed 

variables). 

  
1st TO BE Sce-

nario 

2nd TO BE 

Scenario 

3rd TO BE 

Scenario 

4th TO BE 

Scenario 

5th TO BE 

Scenario 

2018 

Reduction of total hospitals 

access 
−0.01% −1.11% −1.50% −7.44% −15.65% 

Reduction in travelled dis-

tance 
- - −1.69% −1.69% −3.39% 

Cost increase - - - +0.05% +0.12% 

2019  

Reduction of total hospitals 

access 
- −0.75% −1.11% −6.91% −18.64% 

Reduction in travelled dis-

tance 
- - - −5.26% −10.53% 

Cost increase - - - +0.08% +0.13% 

2020 

Reduction of total hospitals 

access 
- −0.54% −1.77% −7.38% −19.54% 

Reduction in travelled dis-

tance 
- - - −14.29% −21.43% 

Cost increase - - - +0.14% +0.34% 

Focusing on the possibility of defining a decentralized drug distribution network, the 

results highlight the reduction in hospital accesses as the consequence of the increase in 

the number of drug dispensations through the community pharmacy channel. This reduc-

tion could represent a considerable phenomenon in all the years, but reaching the maxi-

mum decrease rate in 2020 (−19.54%), also as a consequence of the pandemic period in 

which a low hospital access rate was registered, considering hospitals as a potential place 

of the spread of the virus, particularly for chronic and frail patients, as well as a reduction 

in the ability to attract new patients’ diagnoses for fear in contracting COVID in hospitals. 

Considering the average distance traveled by patients to retrieve their drugs within the 

pharmaceutical network, the fifth TO BE Scenario, i.e., the one based on the hypothesis 

that all the drugs except the innovative ones could be dispensed in the DTP setting, re-

sulted as the most effective in reducing pressure on hospitals, with a significant decrease 
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in 2019 (−10.53%) and 2020 (−21.43%). The cost increase connected to this scenario is mar-

ginal compared to the reduction in hospital accesses and traveled distances. 

Figure 3 depicts the groups of patients (orange dots) served by hospital pharmacies 

(black dots) in the AS IS Scenario  and, in the 5th TO BE Scenario in 2020. The size and 

color of each orange dot represents the number of hospital dispensations for the group of 

patients. In the TO BE Scenario the size of orange dots is slightly reduced compared to the 

AS IS case. In the areas that are far from hospitals, e.g., in the south-east area, the dots 

representing the groups of patients are reduced. 

 

Figure 3. The maps representing the hospitals (black dots) dispensations to the groups of patients 

(orange dots) in the AS IS Scenario, and the 5th TO BE Scenario. 

5. Discussion 

5.1. Answering RQ1: Which Self-Administered Drugs for Chronic Diseases among the Ones 

Currently Dispensed with a Centralized Distribution Approach Could Be Instead Dispensed by 

Community Pharmacies? 

The proposed prescriptive analytics model provides support to decision-makers in 

the selection of drugs to be distributed by community pharmacies. As reported by previ-

ous literature [24], the linear programming model is the prescriptive method adopted to 

provide a solution to this RQ and developed to consider the peculiarities of the present 

problem, such as the exclusive channel of distribution. According to previous evidence 

from the literature [23], an algorithm is used to solve the model. Moreover, on the one 

hand, the model comprises the need to reduce access to hospitals and limit the distance 

traveled by patients and caregivers, ensuring their satisfaction, using constraints. On the 

other hand, the selection of the drugs to be distributed by community pharmacies is based 

on cost minimization, to consider the economic sustainability of this selection. 

Hence, the model, starting from the defined scenarios, provides a number of drugs 

that can be distributed by community pharmacies, reducing the access to hospitals and 

ensuring respect for the patients’ willingness to travel, while providing the minimum cost 

increase for the NHS. Among the potential TO BE Scenarios, a maximum reduction in the 

drugs distributed by the hospital pharmacies is computed (−53.15%, −52.23%, and 

−54.60%, respectively, for 2018, 2019, and 2020), considering the 5th TO BE Scenario. 

5.2. Answering RQ2: Which Drug Distribution Model, Centralized or Decentralized, Is More 

Effective Financially and Socially? What Impacts, including Economic, Organizational, and 

Patient Accessibility, Can Be Observed? 

The evaluation of how the changes in the distribution channel could influence the 

number of hospital accesses and impact social aspects could be answered also highlight-

ing the financial and economic perspective. 
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The modeling and analyses of the Scenarios, over these three years, showed a poten-

tial shift from hospital-based drug dispensation towards a more community pharmacy-

centric approach as the optimal strategy, considering the decrease in the total access 

within the hospital setting and the increase in community pharmacy visits by the patients. 

This choice could be influenced by several parameters that the prescriptive model consid-

ers as inputs: the extra cost for distributing the drug i ∈ I through the community phar-

macies (Ci), demand for drug i ∈ I expressed by the group of patients k ∈ K, and the max-

imum capacity of each community pharmacy l ∈ L (MaxPharmal). The analysis highlights 

the delicate balance between the projected operational efficiencies and patient conven-

ience and accessibility, even if evaluated indirectly. The predicted gradual increases in 

costs, despite the projected reductions in dispensations and facilities, emphasize the com-

plexities of the distribution process, considering the trade-off between the necessity to 

support organizational efforts within the hospital setting and to guarantee the economic 

sustainability of the activities performed by the community pharmacists. In the consid-

ered case, the slight increase in costs that characterizes the TO BE Scenarios, compared to 

a more significant reduction in hospital accesses, causes the DTP distribution to be attrac-

tive. In fact, in the considered case, the cost of managing distribution through hospital 

pharmacies almost balances the cost of distributing through community pharmacies. In 

contexts characterized by a similar balance, it would be convenient to switch the distribu-

tion to community pharmacies. 

Furthermore, geographical distribution could play a significant role in the decision. 

As the distance between patients and hospitals increases, the convenience of distributing 

drugs through community pharmacies increases from the social sustainability point of 

view. The results concerning the average distance that patients should travel to be able to 

retrieve their medications demonstrate that a shift from the hospital to the territorial set-

ting as a distribution channel could contribute to redesigning travel more efficiently, also 

having a significant impact on social and environmental issues, reducing productivity 

losses as well as CO2 emissions. 

All the underlined advantages should be tested directly with the developed web-

based application, which considers the parameters, and their variability as widgets sup-

porting the uncertainty analyses. A sensitivity analysis was conducted, and the variability 

never exceeded 5%, demonstrating the robustness of the proposed Scenarios and the op-

timization model. 

The choice to adopt community pharmacy distribution is also influenced by the max-

imum capacity of each community pharmacy. The proposed manuscript considers a small 

percentage of the actual number of dispensations, considering an increase in volume that 

would be sustainable for the community pharmacies with their current resources. On the 

other hand, as reported in Italian Ministerial Decree number 77, which sought to re-or-

ganize the healthcare services at the territorial level, community pharmacies are given a 

pivotal role, allowing these facilities to provide more services to citizens. Hence, the com-

munity pharmacies’ potential capacity would probably increase, providing extra-capacity 

for increasing the number of distributed drugs, and increasing their catchment area and 

the served population basin. 

Furthermore, the benefits of the decentralized distribution model are in line with Ital-

ian Ministerial Decree number 77, focused on the re-organization of healthcare services 

between the hospital and territorial settings, demonstrating the innovativeness of this 

study. Considering the previous literature, these findings are in line with the ones in Singh 

[20], reporting that community pharmacies are essential to provide equitable access to 

drug dispensation, and Whang [21], demonstrating that territorial pharmacies could help 

achieve equitable access by measuring accesses considering different levels of social un-

balance and spatial influence, but also those in Risanger and colleagues [22], concluding 

that pharmacy-based testing provides good coverage and reasonable travel distances for 

large portions of population. Moreover, this work enlarges the results from the previous 

literature quantifying the investment costs needed to achieve such an objective. 
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Considering the impact of the COVID-19 pandemic on the drug distribution network 

and strategies, the results show that in 2020, as a consequence of a partial change in the 

distribution channels, a reduction in average times and kilometers is demonstrated, but 

the configuration, despite being better than in previous years, is not the optimal one. Fo-

cusing on chronic diseases, despite the presence of the COVID-19 pandemic or in other 

future health emergencies, patients must be treated and able to withdraw their drugs, and 

a tool such as the one developed in this study could support a proactive and community-

centered model of care, starting from drug distribution processes [28]. 

6. Conclusions 

This work is grounded on the need to ensure the economic viability and accessibility 

of drugs and the increase in the demand for medications and healthcare services. Among 

the novel remedies that NHSs must explore, prescriptive analytics is reported to provide 

support in decisions encompassing the selection of medical product dispensing points. 

The developed prescriptive analytics tool offers the potential to enhance the perfor-

mance of drug distribution, both assuming the regional/national healthcare system’s per-

spective and from the standpoint of patients or users, also facilitating the decision-making 

process. Redesigning the medication distribution network to take advantage of the wide-

spread presence of community pharmacies, as opposed to the Direct Distribution sup-

ported by hospital channels, increases the likelihood that patients, their caregivers, and 

family members can visit a pharmacy. This approach not only addresses social distancing 

concerns in cases of healthcare emergencies, but also aligns with environmental sustaina-

bility goals by avoiding the need for high-risk individuals to use public transport or other 

services. Considering the whole pharmaceutical supply chain, placing larger orders, and 

coordinating meticulously with drug manufacturers could lead to punctual deliveries, 

thereby minimizing waiting lists, controlling costs, and maintaining the system’s resilience. 

The final goal of the study is related to both practical and theoretical contributions. 

In practical terms, the results and the defined tool could support to healthcare organiza-

tions and policymakers in developing more resilient medication supply chains and distri-

bution networks, also with an active role played by local healthcare facilities. Considering 

the fields of optimization and healthcare analytics, from a theoretical perspective, the study 

could open avenues for future research applicable to a wide range of healthcare challenges. 

This study is also threatened by limitations. First, the considered case is unique and 

limited to a geographic area of approximately 1895.8 sq.km., involving about 1.5 million 

citizens. Replicating the study by considering other cases could provide additional in-

sights. Other limitations are related to the developed model. An important limitation is 

related to the sizing of community pharmacies, considering their capacity in terms of the 

number of patient visits per day, a dimension not taken into consideration in the simula-

tion phase of the study in the absence of the relevant information. This aspect could gen-

erate problems of waiting and queues in community pharmacies, but certainly not of eq-

uity and accessibility, considering that all the TO BE Scenarios allow for the improvement 

of the existing drug distribution network. Another limitation is the use of an algorithm to 

solve the developed model, needed to deal with the number of variables constituting the 

problem in a reasonable amount of time. This means that the obtained solutions might not 

be the optimal ones. On the other hand, the adoption of the algorithm enables quick reso-

lution and is accessible to all decision-makers. 

Furthermore, this study opens possible avenues for future research, considering that 

the defined model should also be applied to other diseases or clinical conditions, such as 

acute conditions and vaccines. The model should be also used to process data from other 

geographical contexts, beyond the boundaries of ATS Insubria in the Lombardy Region, 

as in the present study. Instead, to optimize delivery processes, depending on the deci-

sion-makers’ willingness and need, data from both other local contexts or considering a 

broader level, from a regional or national setting, should be implemented within the tool 

using the same scenarios of optimization. 
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In addition, other pivotal future research could be developed to directly evaluate the 

impact of an optimized drug distribution network on patient accessibility, defining social 

costs, whereas the present study only considered this aspect using an indirect approach, 

by reducing the total travel time and distance, not quantifying the related costs sustained 

by the families. 
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