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Design of a CPFR, location, inventory and routing approach fo diabetes and high blood pressure medicine supply network

Abstract

Objective: Designing a CPFR (collaborative
planning forecasting and replenishment)
model for the delivery of diabetes and arterial
hypertension medicines from a health
insurance company (EPS) to a healthcare
provider (IPS) and comparing the performance
of this collaborative chain to that of the
traditional one through their corresponding
supply chain costs. Methodology: A series of
collaboration agreements involved in joint
planning were established according to the
designed CPFR model. This allowed (i)
raising the levels of interaction between the
health insurance company, the healthcare
provider, the supplying pharmaceutical
laboratories, and the patients; (ii) determining
demand forecasts; (iii) locating distribution
centers; and (iv) defining medicine
distribution  strategies oriented to the
minimization of costs along the chain.
Subsequently, the main differences between
the current operation and CPFR models at the
level of structure and decisions were
characterized and then evaluated in terms of
supply chain costs. Results: The significant
impact of the proposed model is demonstrated.
The total monthly cost of operating the chain
is reduced by 11.2 % on average. Within the
proposed innovation, an outstanding place is
held by the savings reached in the purchase
and distribution of medicines from the
laboratory to the distribution centers, and by
the customer satisfaction differences, which
increased 15.3% on average during the
studied six-month period.

Keywords: CPFR, medicines, optimization
supply chain.

planning

Resumen

Objetivo: disefiar un modelo CPFR (planeacion,
pronostico y reabastecimiento colaborativo) para
el suministro de medicamentos utilizados para el
tratamiento de la diabetes y la hipertensién
arterial entre una Entidad Promotora de Salud
(EPS) y una Institucion Prestadora de Salud
(IPS), comparando el desempefio de esta cadena
de colaboracion propuesta, con la cadena
tradicional a través de sus costos de cadena de
suministro correspondientes. Metodologia: Se
estableci6 una serie de acuerdos de colaboracion
relacionados con la planificacion conjunta, de
acuerdo con el modelo CPFR disefiado. Esto
permitio (i) elevar los niveles de interaccion
entre la empresa promotora de salud, la
institucion prestadora de salud, los laboratorios
farmacéuticos proveedores y los pacientes; (ii)
determinar los prondsticos de demanda; (iii)
ubicar centros de distribucion; y (iv) definir
estrategias de distribucion de medicamentos
orientadas a la minimizacion de costos a lo largo
de la cadena. Posteriormente, las principales
diferencias entre la operacion actual y los
modelos de CPFR a nivel de estructura y
decisiones, se caracterizaron y se evaluaron en
términos de costos de la cadena de suministro.
Resultados: se demuestra el impacto
significativo del modelo propuesto. El costo
mensual total de operar la cadena se reduce en un
11.2% en promedio. Dentro de la innovacion
propuesta, se destaca los ahorros alcanzados en
la compra y distribucion de medicamentos del
laboratorio hacia los centros de distribucion,
ademas de las diferencias entre la satisfaccion
del cliente, la cual aument6 15.3 % en promedio
durante el periodo estudiado de seis meses.

Palabras clave: CPFR, medicamentos,
optimizacion, cadena de abastecimiento.
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Introduction

At the global level, the most common causes of death are ischemic heart disease followed by
cerebrovascular disease [1]. Colombia, where these issues are prevalent in the population
above 60 years old [2], is not an exception [3], [4]. Diabetes and arterial hypertension are
chronic diseases requiring treatments through medicines that have to be provided throughout
the life of the patient. Therefore, the accessibility of medicines is relevant to the prevention
and treatment of these diseases, whose indirect costs to the national health system were about
13.2 billion COP in 2015 [5].

Among the challenges that companies must face in order to be competitive, globalization,
increased costs, uncertainty in demand, and improvement in the delivery of products and
services have received considerable attention [6]. One of the means to face these challenges
is the development of collaborative planning models, which are intended to coordinate
decisions and solve supply chain inconveniences regarding inventories, resupplies, product
placement, and order delivery, as shown in [7].

This paper focuses on the definition of a collaborative approach to a network for the
distribution of diabetes and arterial hypertension medicines from a health insurance company
to a healthcare provider. Therefore, certain agreements were explored between the two
entities, with the purpose of enhancing the medicine distribution process by means of joint
decision planning. For this purpose, and focusing on hypertensive and diabetic patients over
60 years of age, a CPFR model was adapted to the current distribution network and included
in the collaboration agreements, together with a series of amendments: The evaluation of the
convenience of allocating new facilities, the estimation of the medicine amounts to be
delivered, and the definition of their distribution routes.

Collaborative Planning Models

There are different types of collaborative planning models. In the first place, as affirmed by
Calderdn and Lario [8], the Supply Chain Operations Reference (SCOR) model associates
different elements such as business processes, metrics, good practices, and technology within
a unified structure intended to improve the management of the supply chain towards the
fulfillment of goals and expectations. In the second place, the Supply Chain Planning (SCP)
matrix aims to group all the tasks involved in collaborative planning under two different
concepts, namely planning horizon and supply chain processes, in order to provide an
adequate management, as shown in [9]. In the third place, the Collaborative Planning
Forecasting and Replenishment (CPFR) model, which originated from the cooperative
planning relation established between Wal-Mart and Warner-Lambert in 1995 [10], allows
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all participants of the supply chain to improve their interactions by sharing information and
integrating the management of the planning process [11], all based on the individual data of
each participating organization.

As shown in [12], different studies have stated that the CPFR model enhances the
performance of the supply chain. An important example is provided by decision-making
improvements resulting from the use of information technologies aimed at inter-
organizational activities [13], [14], a strategy that also reduces the “whip effect” in the chain
[15]. Another benefit comes from an increase in forecast accuracy, which reduces the size of
inventories and increases their availability, thus leading to a better utilization of company
assets and, hence, decreased system costs [16]. This model has been implemented in different
business sectors such as foods [17], retail [18], pharmaceutics and agriculture [19], and
transportation and logistics [20], among others.

According to [19], the hospital supplies industry is very likely to benefit from the CPFR
model, which has been shown to help buyers and sellers of agricultural products minimize
waste and reduce costs and risks. Hence, the model is likely applicable to pharmaceutical
products since they are similar to agricultural ones with regards to their perishability.

CPFR in the Health Sector

Lin and Ho [21] applied a hierarchical process analysis to determine the pros and cons found
in the implementation of CPFR models between suppliers and hospitals in Taiwan. They
concluded that the main concern of the hospitals when it came to sharing their information
in order to reduce costs was the lack of privacy. This implementation has been observed to
depend on the varying medicine purchase practices of the hospitals. Panahirfar et al. [22]
have established that most CPFR research corresponds to case studies, the differential
characteristics of which are likely to bias the responses to the application of the model.

In view of the urgent need to generate shared value in the process of medicine dispensation
to patients, this paper studies the case of the medicine distribution service for elderly people
suffering arterial hypertension and diabetes in the city of Bogota (Colombia), framed in the
operation of the national health system. Since the economic impact of this implementation
has raised important concerns, it is necessary to provide a general description of this
particular domain.
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Dispensation of Medicines in Colombia

Generally speaking, the dispensation of medicines generates the greatest dissatisfaction
among Colombian users [23]. The corresponding legal regulation [24] establishes that
pending medication must be delivered to the patient’s home no later than 48 hours after
request. However, non-compliance of this requirement by pharmacies reaches 4.6 % [23].
Furthermore, when the ordered medications are not part of the basic health benefits plan,
29 % of the patients receive their orders more than 20 days after their formulation [25]. This
situation is likely to have catastrophic effects on patients suffering chronic diseases such as
diabetes or hypertension, due to the implications of medical treatment discontinuity.

For the development of this research, a Colombian health insurance company belonging to
the contributory section of the Social Security System was taken as reference. These
organizations, which are locally known as Empresas Promotoras de Salud (EPS), are
responsible for administering and ensuring the provision of health care services to their
affiliated patients.

Within the analysis of the activities involved in the medicine dispensation process, such as
demand planning and product distribution, it became clear that the EPS does not have enough
information to carry out an adequate planning of the demand. According to the analysis
presented by Ruiz [26] in 2014, this results from the lack of detailed information about both
the medicines that are being ordered by the doctors and the number of users that are attending
consultation and receiving medication. This situation not only determines low medicine
dispensation service levels, but also certain loss of competitive advantage resulting from not
being able to plan the demand or strategically articulate the information with the other actors
of the system. In addition, a series of audits carried out by the EPS on the medicine
dispensaries in 2017 revealed considerable failures in home deliveries and inadequate
demand planning.

At the national level, chronic diseases account for most of the Colombian morbidity and
mortality profile, as is also the case in the EPS studied in this research. Chronic diseases are,
indeed, the fundamental precursors of other types of pathologies that affect vital organs [27].
Among chronic diseases, diabetes and arterial hypertension [5] stand out as precursors of
ischemia and cerebrovascular diseases, which are the main causes of mortality among men
and women over 60 years old [3], [4].

In addition, this population is under a mobility problem, not only due to their physical

disabilities, but also for social reasons [28], [29]. Thus, it appears necessary to have an
opportune pharmaceutical service that generates shared value for the members of the supply
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chain and helps the health system maintain these pathologies under control, thus avoiding
high costs due to the lack of management and prevention of health risks.

Comparing CPFR to Other Models

There have been several comparisons between CPFR and other models [22]. In simulating
the contrast between CPFR, VMI (Vendor Management Inventory), and the traditional
model, Sari [30] found a better CPFR performance under market conditions of highly
uncertain demand and long replenishment times. In comparing VMI and CPFR at different
levels of correlation between the processes of demand, Aviv [31] found key differences in
terms of production environments and the performance of the internal service.

These comparisons have also addressed the use of technologies and their effect on CPFR. In
simulating the application of the RFID (Radio Frequency Identification) technology to VMI,
CPFR, and the traditional SCM model, Sari [30] found better performance indicators in
highly collaborative environments such as CPFR.

In turn, Ryu [32] has compared CPFR to consignment, VMI-i, and VMI-ii through their
impacts on simulated supply chain performance. CPFR registered the best results when
analyzing the entire chain, but only with regards to the purchaser. The overall results indicate
that CPFR overcame only the traditional model, but not VMI-i, VMI-ii, or consignment.

Yuan, Shen, and Ashayeri [33] applied simulation techniques to compare CPFR, VMI, and
JMI (Jointly Managed Inventory) in terms of their capability to manage the demand gap
between high-tech industries. This allowed finding that CPFR performs similarly to JMI and
better than others.

Although the aforementioned studies compared CPFR to other planning systems, the leading
research question of this work compares CPFR to the current operation of a healthcare supply
chain, from the perspective of decision making.

Decision Making Models for CPFR

In the process of implementing a collaborative model, facility location and product
distribution constitute important planning decisions that have been addressed in the literature.

The facility location problem can be of two types, namely continuous (planar) or discrete
[34]. Planar location applies to the lack of potential options to locate one or more facilities.
Thus, the main decision has to do with defining the geographic coordinates for a single new
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facility, taking into account different objective functions such as the minimization of the
weighed total distance or of the maximum distance, among others. Planar location is usually
carried out through the median, gravity center, and Weiszfeld methods [35]. On the other
hand, from the discrete point of view, a location is selected from a predefined set of
alternatives (nodes). Discrete location is frequently carried out through heuristics such as ant
colony, taboo search, and genetic algorithms [36].

Regarding product distribution, one of the most relevant and explored problems is the
Vehicle Routing Problem (VRP), which seeks to define the routes of a vehicle fleet to meet
the requirements of a set of customers. This problem is usually solved through both exact
and heuristic methods [37]. Another important decision related to product distribution is the
definition of the amounts to be sent to the different agents (suppliers, distribution centers,
customers, etc.) of a supply network. This last problem is mainly linked to inventory lot
sizing, which is typically addressed by models and methods for single or multiple products
and echelons. Bushuev et al. [38] have made an interesting review of the state of the art in
this regard, detailing the most common solution approaches for inventory lot sizing problems.

It is important to outline that the location, inventory, and routing problems can be addressed
either sequentially or simultaneously. Typical combinatorial optimization problems that
combine the mentioned logistics decisions (location, inventory, and routing) are the
Inventory Routing Problem (IRP), the Location Routing problem (LRP), and the Location
Inventory problem (LIP). After conducting surveys related to the IRP, LRP, and LIP, Roldéan,
Basagoiti, and Coelho [39], and Farahani et al. [40] report that they are often solved through
exact models and heuristic and metaheuristic methods.

An additional input for making these decisions are demand forecast models. The most
representative forecast quantitative models are moving average, weighted moving average,
the Box-Jenkins/ARIMA method, and simple, double, and triple exponential smoothing, all
of which are used according to the historical behavior of the demand [35].

In sum, the considerations made above raise two questions that are addressed in this paper:

How to design a supply chain of diabetes and arterial hypertension medicine based on CPFR,
location, inventory, and routing approach? And how does this CPFR model compare to the
operation of the current supply chain?

For this purpose, a CPFR model was designed for the supply chain in question, linking an
EPS to a healthcare provider (known in the Colombian Social Security System as IPS-
Institucion Prestadora de Servicios). On these grounds, the comparison between the CPFR
approach and the current operation was carried out using optimization models.
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Metodologia

Under the current operation, the EPS has contracted an IPS to make and execute all the
logistics decisions relevant to the supply network. The proposed CPFR model, which
modifies the current supply chain to minimize its operational costs, indeed requires the
participation of the EPS in the decision-making process.

Current Supply Chain Model

Currently, the IPS has a single distribution center (DC) to store the medicines that are
supplied by the laboratories. Thereafter, the medicines are distributed from the DC to a set
of pharmacies of the IPS, each of which delivers them as required by a corresponding patient
cluster, which is defined as a UPZs. Figure 1 depicts the current supply chain model.

Figure 1. Current supply chain

P1 P2 P3 Pn
Laboratory 1 Laboratory 2 Laboratory 3 Laboratory n

[ [ I ]

| |

- [
] ] [z ]
[revers]

Pharmacy Pharmacy Pharmacy Pharmacy
1 2 4 5
Patient Patient Patient Patient Patient Patient Patient Patient
1 n 1 n 1 n 1 n

Source: Own source.

It is important to highlight that in the current decision-making process there is no formal
approach to medicine demand estimation and inventory and routing decisions.

CPFR Model Design Methodology

The CPFR model design is based on a methodology by the Voluntary Interindustry
Commerce Standards [41], with the participation of a logistics operator (actually an IPS) and
the EPS that is responsible for administering and ensuring the provision of health services to
a population group in the city of Bogota. In this particular case, the EPS wanted to evaluate
the potential impact of assuming the responsibility of storing and distributing medicines to
patients. Therefore, facility location and routing decisions were added to the standard CPFR
methodology.
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The mentioned CPFR model design methodology comprises four stages: Planning
agreements, selection of medicines and demand planning, location of facilities, and medicine
distribution through the supply network. The following tasks were executed in agreement
with this methodology:

Agreements: The roles, rules, and responsibilities of both parties were established through
collaboration agreements. This was done by applying weighted questionnaires to each of the
participants in the modelling process. Key Performance Indicators (KPIs) were also defined
in order to assess collaboration management, which was done through semi-structured
interviews applied to the EPS and the IPS. Thus, a joint business plan was set by means of a
SWOT (Strengths, Weaknesses, Opportunities, and Threats) matrix, which allowed defining
the terms of participation and collaboration of each company in the CPFR model.

Selection of Medicines: Once the agreements had been established, the CPFR design took
on the definition of the medicines whose dispensation would be jointly planned. For this
purpose, a series of selection criteria (e.g., purchase and sales prices and product
presentations) were applied to the clinical practice guidelines reported in the literature, the
list of major medicine producers referred by these guidelines, and their costs within the
supply chain. This allowed finally obtaining the list of medicines to be dispensed, which, in
turn, facilitated subsequent comparisons.

Demand forecast: Subsequently, the demand forecast was carried out through the analysis
of two data sources: (i) the 2016-2018 user database of the EPS with their general statistical
data, and (ii) the accumulated cohort of hypertensive and diabetic patients. These data
resulted in a consolidated list of users to be served within the proposed model. According to
the behavior of the demand and the negative trend of the patient population of the EPS,
demand forecasts were calculated using simple linear regression and the Holt method (also
known as double exponential smoothing) for a six-month period [42], [43]. Taking into
account the error assessment measurements, the most accurate method was established to
estimate the behavior of the population and the monthly potential demand for each medicine
per user.

Location of facilities: One of the main components of the collaboration agreements was to
enhance the distribution process in the medicine supply network. Therefore, in the context of
joint decision planning between the IPS and the EPS, the decision was made to evaluate the
impact of establishing three new intermediate network Distribution Centers operated by the
EPS (EPS DCs) for the current interaction with the IPS pharmacies. These three new DCs
are intended to store the medicines sent by the IPS DC and distribute them to the patients.
The goal is to enhance the supply chain in order to guarantee the availability of the medicines
to the patients at the lowest cost. For this purpose, the number of EPS DCs was first optimized
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(i.e., balanced with the number of patients) through a factor rating matrix that facilitated the
clustering of the patients around them. On these grounds, each of the three new DCs was
finally located using the median method [35] and assuming rectilinear distances to separate
the facilities. This method allows obtaining optimal geographical coordinates for each one of
them, thus minimizing the distribution costs both from the IPS DC and to the potential patient
clusters.

Medicines distribution cost minimization: The last step established in the CPFR-model-
design collaboration agreements consisted in: (i) estimating the selected medicine amounts
to be sent from the supplying laboratories to the IPS DC and from there to the three new EPS
DCs; and (ii) defining the distribution routes from these new DCs to their corresponding
patient clusters, as they had been assigned according to the identified costs.

For this purpose, the 3-level mathematical model proposed by Hamidi, Farahmand, and
Sajjadi [44], which includes multiple products and origin nodes (i.e., warehouses or zero-
level satellites) [45], was adapted according to the features of the problem at hand. The
application of this model to the present problem is illustrated in Figure 2, wherein Pi are first-
order nodes (i.e., laboratories); DC1 is the IPS DC; RDi are the new intermediate distribution
centers (EPS DCs); and Ci, the patients. The proposed mathematical model is detailed below:

Sets:
L: Set of laboratories
CD: Set of IPS distribution centers
RD: Set of EPS distribution centers
PR: Set of medicines types
G,: Set of patients assigned to EPS distribution center r

T,.: Maximum number of nodes that can be visited to serve patients assigned to EPS
distribution center r

Parameters:

TC: Travelling cost per km

SCm: Cost per km of direct shipment of one unit of medicine m

prod;,: Cost of purchasing one unit of medicine m in laboratory i
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TD1,:

TD2.,:

TDT,i,j .
DE,

Variables:

Ull,C,m:

U2 rm:

Xrijt:

planning

Traveling distance between laboratory | and IPS distribution center ¢

Traveling distance between IPS distribution center i and EPS distribution center
j

Travelling distance between points i and j assigned to EPS distribution center r

Number of medicine units of type m required by EPS distribution center r

Number of medicine units of type m shipped from laboratory | to the IPS
distribution center c

Number of medicine units of type m shipped from the IPS distribution center ¢
to the EPS distribution center r

1 if point i precedes point j and j is visited in the order t among the nodes that
belong to the route of the distribution center r; 0 otherwise

Formulation of the model:

Z= Min ZmEPR ZlEL ZCECD SCmTD]-l,cUll,c,m + (1)
ZlEL ZmEPR ZCECD prOdi,mU1l,c,m +
ZmePR ZCECD ZrERD SCmTDZC,r Uzc,r,m +
Yirerp Ltet, icGy, 2jeG, TC TDry i Xy i

Subject to:
Z Z Xrije=1 Vr € RD,Vi € G, (2)
te[0,T;] i€G,
Z Xrijt = Z Xrjit+1, Vvr € RD,Vj € G,,Vt € [0,T,] (3)
i€G, i€G,
Yte[oT] 2je6nj>1Xr0jt = 1, Vr € RD (4)
Z Ulyem — Z U2ecrm=0, vyce CD,vm € PR ®)
leL T€ERD
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z Uerp = Db, Vr € RD,Vvm € PR (6)
ceCcD
X0, €{0,1} Vr €RD,Vi€ G,V j€G,,Vt€[0,T,] (7)
Ulpj 20, Vp € P,Vi € CD,Vj € PR (8)
U2y, 20, Vi € CD,Vr € RD,j € PR €)

This model aims to minimize the total distribution costs of the supply network (1).
Constraints (2) ensure that patients are visited only once and in a specific order for each
distribution route of each EPS distribution center. Constraints (3) imply that every point that
is entered into by a vehicle should be left by the same vehicle. Constraints (4) force the
connection between visited patients and their corresponding EPS distribution center.
Constraints (5) and (6) relate the medicine amounts shipped from the laboratories and IPS
DCs in order to satisfy the aggregated demand of the EPS DCs. Constraint sets (7) define the
routing decision variables as binary. Finally, constraints (8) and (9), states that the related
decision variables should be no negative.

As it can be seen, the proposed model only considers routing decisions from each EPS DC
to its assigned cluster of patients. In the other levels, direct distribution is assumed between
the laboratories and the IPS DC, and between the latter and each of the three EPS DCs. It is
important to notice that this model considers as inputs: (i) the estimation of the medicine
required by each EPS distribution center; (ii) the distribution costs, (iii) the distances between
laboratories and the IPS DC; (iv) the distances between the IPS DC and the three new EPS
DCs; and (v) a distance matrix related to the interaction between each EPS DC an its assigned
cluster of patients (UPZs). It is important to notice that capacity constraints were not taken
into account since, given the features of the products, it can be assumed that a vehicle is
capable of visiting all the patient clusters assigned to each EPS distribution center in a single
trip.
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Figure 2. CPFR supply chain model

P1 P2 P3 Pn _
Laboratory 1 Laboratory 2 Laboratory 3 Laboratory n
,'.
RD1 RD2
EPSDC 1 EPSDC 2
Patient | Patient | | Patient | Patient
1 F 1 n 1 b |
Patient | | Patient. Patient | | Patient.
1 3l n

Source: Own source.

The current optimization model is characterized by shared decision making between the EPS
and the IPS. It is important to highlight that it was applied after defining the location of the
three new intermediate distribution centers (EPS DCs or RDs). The clusters of patients
(UPZs) served by each RD were predefined according to the concentration of demand in
three areas of the city (south, southwest, and north).

Current and Proposed Supply Chain Decision Processes

The decision-making processes of the current supply chain and the proposed supply chain
are shown in tables 1 and 2. These tables synthesize each decision process and its required
inputs and outputs. It is important to outline that for comparison purposes, the forecasts
obtained by means of the proposed CPFR were considered as an input for evaluating the
impact of the current and the proposed supply chain models.
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Table 1. Decision process in the current supply chain

Decision Description Input Process Output
Estimation of the .
1. Medicine number of patients Population trend of the Demand forecast calculation Medicine demand forecast

users forecast

who will be
receiving medicines

EPS 2016/1-2018/5

(Holth’s method)

from June to November,
2018

Demand forecast from
June to November, 2018

Calculation of the percentage
of patients suffering diabetes
and hypertension

Definition of the type of

Demand forecast

by

2. Medicine Medicine  demand Diabetes and hypertension therapy required by the medicine type from June to
demand estimation cohorts patients according to clinical November, 2018 (table 4:
forecast practice guidelines Contrast between observed
- and predicted demand
Medical analysis of the Forecast calculation by P )
e . medicine type.
Eggsgts pharmacological Number of patients* Dose
required according to guide
Demand  forecast by . .
O Assignation of requests to
3. Delivery of medicine type from June - .
medicinesy Deciding the (0  November, ~ 2018 :2?;?;?nesolicaccogrl1?g trtlg Medicine delivery from the
from the medicine amounts (table 4: Contrast between average cgst irﬁurre d )liy the laboratory to the DC
Ilgbsoratoryto ;C:::gr(sj?:;tothe Dt((D) g:;?;xg()j and predicted |pq by medicine was reported
DC demand forecast* Delivery cost calculation =

Level 1 (figure

Average cost of each

(Transport average cost +

Decision cost

2) medicine across medicine cost)* Demand for
laboratories each medicine
Demand  forecast by

medicine type from June
to November, 2018 (table

Estimation of the demand of
each pharmacy by medicine

Consolidated list of
medicines to be sent to each

4:  Contrast  between t pharmacy with their
4. Delivery Decidi h observed and predicted ype associated cost
from IPSDC eclaing the demand)
to pharmacies medicine amounts : :
Level 2 (figure to be S(_ent to the . _ (Unltsfc Sell price) + monthly .
2) pharmacies Medicines sell price operational costs of the Decision cost
pharmacies
Relations among patients
served by each pharmacy,
by medicine type
Consolidated  list  of . .
medicines to be sent to Identification of the demand of qug?gilrﬁgtfg be selrlitto eag;
5. Delivery of each pharmacy with their each UPZ UPZ
medicines associated cost
from the Deciding the

pharmacies to
the patients
Level 3 (figure
2)

medicine delivery
route

UPZ georeferentiation and
estimation of the distance
to current pharmacies

Patient location  clustering
around UPZs and pharmacies

Proportion of patients
assigned to the closest
uUrPZ

Route calculation by the
closest neighbor methodology

Decision cost

* Due to information restrictions, no individual laboratory data are available. Instead, the only available data correspond to request from the IPS

to the laboratories.

** The table can be read horizontally to understand the incoming information, processing, and outcome for each decision. Yet, the table can also

be read vertically, in order to observe the sequence of steps involved in each element of the decision model.
Source: Own source.
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Table 2. Decision process in the CPFR supply chain

planning

Decision Description Input Process Output
Estimation of the Table 3. Comparison of forecast
1. Medicine number of patients Population trend of the models.

users forecast

who  will be
receiving medicines

EPS 2016/1-2018/5

Demand forecast calculation (Holt’s
method)

Table 4. Contrast between
observed and predicted demand

Demand forecast from
June to November, 2018

Calculation of the percentage of
patients  suffering diabetes and
hypertension

Definition of the type of therapy

2. Medicine Medicine demand ien??ngO\f/Z:sEaeit 20f1rgm required by the patients according to Table 5. Forecasted Medicine
demand estimation ' clinical practice guidelines demand from June to November,
forecast - — 2018
Medical analysis of the tFyoprzcast calculation by Medicine
patients” pharmacological Number of patients*Dose required
needs : -
according to guide
Preselection of laboratories according
to:
Demand forecast from 1.Purchase and sell price analysis
3. Delivery of June to November, 2018 2. Market positioning
medicines Decidin the 3. Presentations offered by the
from ling laboratory Consolidated list of medicines to
medicine amounts - - -
laboratory to to the sent to the The mathematical model determines be sent from the laboratories to
IPSDC the amounts to be requested from each the DC of the IPS

IPSDC

Level 1 (figure Cost of  medicines laboratory depending on the logistic
2) purchased from  each _cost of the entire chain
laboratory Calculation of delivery cost =
(Transport cost + Medicine cost) *
Medicine demand
Deciding the Demand  forecast hy

4. Delivery
from the IPS
DC to the EPS
DC

Level 2 (figure
2)

medicine amounts
to be sent from the
IPS DC to the EPS

Medicine type from June
to November, 2018

Medicine demand assessment by UPZ

Relation among
patients assigned to
the same EPS DC
by pharmaceutical

Sell price of medicines

Demand estimation across Medicine
types and EPS DCs

Patient location clustering
around UPZs

Distance-based calculation of

delivery costs

Proportion of patients at

Calculation of operative costs

(operational cost of EPS DC and

Estimation of medicines to be
sent to each DC of the EPS, with
their associated cost

Table 8. rectilinear (Manhattan)
distances between UPZs and the
new intermediate DCs

product type each UPZ medicines sell price)
. . The matematical model decides the
Geographical coordinates dici b f h
of EPS DC medicine amounts to be sent from the
IPS DC to each EPS DC
Identification ~ of  the Calculation of associated routing bConsoIldated r:'St O.f med'?'r?eﬁ t'o
demand of each UPZ costs e ser_1t to each patient, with their
5. Delivery of associated cost
medicines - Estimation of the
from EP DCs Definition of medicines to be sent to

to the patients
Level 3 (figure
2)

Medicine delivery
route

each DC of the EPS, with
their associated cost

UPZ georeferentiation and
estimation of the distance
to each DC to the EPS

Design of delivery routes from each
DC to its UPZs, according to
mathematical model

Medicine delivery route

Final cost of the model

* Due to information restrictions, no individual laboratory data are available. Instead, the only available data correspond to request from the IPS to

the laboratories.

** The table can be read horizontally to understand the incoming information, processing, and outcome for each decision. Yet, the table can also be

read vertically, in order to observe the sequence of steps involved in each element of the decision model.
Source: Own source.
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Resulis

Current and CPFR Supply Chain Models

The methodology outlined above allowed for the definition of the desired CPFR model and
the comparison of its decision model to that of the current operation. The results of the
decisions required in tables 1 and 2 are detailed below.

Inputs of the Optimization Models

The comparison of the models was carried out by optimizing the inputs of their corresponding
supply chains at each decision level, as shown below:

Demand Forecast

Users
Based on the historical demand data of the previous 29 months, Figure 3 shows a negative
trend. Hence, the Holt-Winters and linear regression models were used to forecast the

demand.

Figure 3. Medicine demand historical record

Source: Own source.
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Since the Holt method exhibited better results regarding three out of four performance
measures, it was selected to forecast the demand (table 3).

Table 3. Comparison of the forecast models

Holt's error summarized data Linear regression’s error summarized data
ME 2.75 ME 8.78E-13
MAD 98.88 MAD 195.92
MSE 25,228.06 MSE 55,104.17
MAPE 0.475 % MAPE 0.971 %

ME: Mean Error; MAD: Mean Absolute Deviation; MSE: Mean Standard Error; MAPE: Mean Absolute Percentage Error.
ME: Mean Error; MAD: Mean Absolute Deviation; MSE: Mean Standard Error; MAPE: Mean Absolute
Percentage Error.

Source: Own source.

Later on, and in order to validate the accuracy of the selected model for a longer planning
horizon, the medicine demand was estimated over a six-month period. The resulting
information was compared to the actual data of the EPS as adjusted according to statistical
estimates of the modelled population. This contrast indicated a total average error of 2.09 %,
which represents a good performance since it stands below the 10 % recommended threshold
[46] (table 4).

Table 4. Contrast hetween observed and predicted demand

Forecast validation data

Month Observed data Predicted data  Error
June 17,307.77 17,339.15 0.18 %
July 17,028.24 17,142.96 0.67 %
August 17,011.78 16,946.76 0.38 %
September 16,609.7 16,750.57 0.84 %
October 16,262.87 16,554.38 1.76 %
November 14,939.04 16,358.18 8.68 %

Average error 2.09 %

Source: Own source.

In turn, figure 4 illustrates the behavior of the error in the two studied models.
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Figure 4. Error forecast

—g—Hok —ao—LinReE

Source: Own source.

Medicine Demand Forecast

Another necessary input to predict the demand has to do with the medicines that the users
require according to their pathologies. For this purpose, the literature on the most cost-
effective medicines for the treatment of diabetes and arterial hypertension was reviewed.
Then, data of the cohort of patients served by May of 2018 were taken as a reference to decide
on the patients’ prescription. Glycosylated hemoglobin values were used to select the
medicines and type of therapy for the treatment of diabetes, namely monotherapy (single
medicine prescription) or combined therapy (prescription of several medicines). Blood
pressure values were used to assign the treatment of arterial hypertension, and a combination
of both variables was used to define the treatment of arterial hypertension + diabetes. It is
important to bear in mind that, at the time of diagnosing diabetes, monotherapy is assigned
as initial treatment with the use of metformin. In case the treatment does not show positive
results for a period of 4-6 months, it is necessary to change the treatment to combined therapy,
including metformin and insulin, with a 3-6-month follow-up. Table 5 presents the resulting
forecast for each medicine.
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Table 5. Forecasted medicine demand from June to November 2018 (Summarized data)

Estimated number of users

;%?gg}fl Medicine

June July August September  October November

ENALAPRIL 20 mg 549259  5430.48 5368.36 5306.25  5244.14  5182.03

Monotherapy ~ HIDROCLOROTIAZIDA 25 MG 3609.23  3568.42 3527.60 3486.79 344597  3405.16
LOSARTAN 50MG 3639.94  3598.77 3557.61 3516.45 347529  3434.13

Combined HIDROCLOROTIAZIDA 25 MG 231.77 229.15 226.53 223.90 221.28 218.66
therapy LOSARTAN 50 mg 231.77 229.15 226.53 223.90 221.28 218.66
Monotherapy ~ METFORMINA X 850 MG 19.81 19.59 19.36 19.14 18.91 18.69
Combined METFORMINA X 850 MG 261.48 258.52 255.57 252.61 249.65 246.70
therapy LANTUS 100 IU/ML 621.02 613.99 606.97 599.95 592.93 585.90
LOSARTAN 50MG 33.68 33.29 3291 32.53 32.15 31.77

METFORMINA X 850 MG 67.35 66.59 65.83 65.07 64.30 63.54

LANTUS 100 IU/ML 169.37 167.45 165.54 163.62 161.71 159.79

ENALAPRIL 20 mg 1.49 1.47 1.45 1.44 1.42 1.40

METFORMINA X 850 MG 1.98 1.96 1.94 1.91 1.89 1.87

tcrfe’r‘;g;‘ed ENALAPRIL 20 mg 42342 41863 413.84 409.06 40427  399.48
METFORMINA X 850 MG 564.56 558.18 551.79 545.41 539.02 532.64

LANTUS 100 IU/ML 1335.14  1320.04 1304.94 1289.84 127475  1259.65
HIDROCLOROTIAZIDA 25 MG 337.75 333.93 330.11 326.29 322.47 318.65

METFORMINA X 850 MG 675.49 667.85 660.22 652.58 644.94 637.30

LANTUS 100 IU/ML 1584.73  1566.81 1548.89 1530.97  1513.05  1495.13

Locating the Intermediate DCs (RDs)

Source: Own source.

The estimation of the number of new EPS DCs (RDi) was based on the balance between two
criteria, namely number of users and number of medicine units assigned to each of them.
According to the information provided by the IPS, the concentration of the demand can be
carried out in three areas of the city (south, southwest, and north). Thus, and taking the
primary healthcare centers of the IPS currently serving the population as their primary
clustering nodes, table 6 shows the relation between IPS primary healthcare centers,
population, and proposed DCs for the data of a single month. Table 7 shows the relation
between IPS primary healthcare centers, medicine demand, and proposed DCs for the same

period.
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Table 6. Relation hetween geographic location and population assigned to first level medical centers of

the IPS
South group Southwest group North group
IPS Users  Percentage IPS Users Percentage IPS Users Percentage
20 de Julio 881 7% Bosa 1103 9% Santa Marfa del Lago 789 6 %
Primera de Mayo 1350 11% Primera de Mayo Il 334 3% CAFI 106 2138 18 %
Venecia 919 8% Corvesalud 1699  14% | Juan N. Corpas 1185  10%
Kennedy
Angeles 130 1% CAFI Kennedy 579 5%
. Corvesalud
0, 0,
Teusaquillo 510 4% Fontibon 436 4%
Total 3790 31.44% Total 4151  34.44% Total 4112 3412%

Source: Own source.

Table 7. Relation between geographic location of the first level medical centers of the IPS and monthly
medicines demand

South group Southwest group North group
Medicine Medicine Medicine
IPS . Percentage IPS i Percentage IPS . Percentage
20deJulio 13685 7% Bosa 1786 9y, | anmaMaria g5 6%
del Lago
P”I\r;l‘g;f)de 2180 11% P&”;;galcl’e 606,50 3% CAFI 106 3272 17%
. Corvesalud Juan N.
0, 0, 0,
Venecia 1489 8 % Kennedy 3047,5 16 % Corpas 1780.5 9%
B CAFI
0, 0,
Angeles 213 1% Kennedy 943,5 5%
Teusaquillo 8605 4% Corvesalud 749 4%
Fontib6n
Total 3882 31.36 % Total 7132,5 36.60 % Total 6245 32.04 %

Source: Own source.

Subsequently, the location of the new intermediate EPS DCs was defined by means of the
median method [35]. The assignation of a specific population fraction to each intermediate
DC was based on the demographic data of the Zone Planning Units (Unidades de Planeacion
Zonal-UPZ) of Bogota. Thus, the main neighborhoods of each unit were assigned a number
of patients proportional to the population weight of each UPZ within the total population of
the city. Table 8 shows the matrices of the rectilinear (Manhattan) distances between the
UPZs and the proposed DCs.
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Table 8. Rectilinear (Manhattan) distances between UPZs and the new intermediate DCs

Doce de

North DC Octubre El Refugio El Rincon Garcés Navas Los Cedros
North DC 7.11 11.3 13.2 12.2 13.2
Doce de Octubre 7.11 8.38 6.76 7.11 6.27
El Refugio 11.3 8.38 7.06 3.95 11.3
El Rincén 13.2 6.76 7.06 3.06 5.23
Garcés Navas 12.2 7.11 3.95 3.06 7.78
Los Cedros 13.2 6.27 11.3 5.23 7.78
South DC Diana Turbay  Gran Yomasa La Gloria La Sabana Restrepo
South DC 7.89 12.3 7.9 0.87 3.44
Diana Turbay 7.89 4.55 1.53 6.97 4.56
Gran Yomasa 12.3 4.55 4.68 115 9.12
La Gloria 7.9 1.53 4.68 6.93 4.89
La Sabana 0.87 6.97 115 6.93 2.63
Restrepo 3.44 4.56 9.12 4.89 2.63
Southwest DC ~ Bosa Central Patio Bonito Ugéézwq%d Venecia Inci?sr;?ial

Southwest DC 11 8.7 9.8 6.15 1.66
Bosa Central 11 4 3.22 5.74 9.31
Patio Bonito 8.7 4 5.92 5.82 7.47
g‘féomo Bl 9.8 3.22 5.92 381 8.12
Venecia 6.15 5.74 5.82 3.81 4.37
Zona Industrial 1.66 9.31 7.47 8.12 4.37

Source: Own source.

Comparison between Models

The aforementioned inputs allowed developing the CPFR and current operation models.
Subsequently, and having as objective function the total supply chain cost minimization,
Hamidi’s optimization model (wherein DC location was relaxed), allowed establishing: (i)
which laboratories dispense the medicines, (ii) which medicines they provide, and (iii) their
medicine dispensation routes to the users. Tables 9 and 10 show the cost comparison between
the two studied models across their operational levels for September and November of 2018.
This comparison considers the distribution of five products, for which the current supply
network is composed by seven laboratories, one IPS DC, five pharmacies, and 15 patients
(figure 2). In turn, the proposed network replaces the existing pharmacies with a system of
medicine distribution to patients from three new intermediate distribution centers (EPS DCs)
(figure 1).
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Total Cost Comparison

Table 9 shows the projected results for September and November of 2018 after modifying
the current operation model according to the CPFR approach, which certainly lowers the
costs.

Table 9. Cost comparison between CPFR and the current operation model

CPFR MODEL COSTS* CURRENT OPERATIONAL MODEL COSTS**
September November September November
$321.651.362,75 $314.525.273,60 $361.926.262,56 $354.689.912,79
SAVINGS
September November
$40.274.899,81 $40.164.912,19

* Includes the cost of new intermediate DCs.
** Includes the current pharmacy operation costs.
Source: Own source.

Partial Cost Comparison

Table 10 shows the cost comparison disaggregated for each level, considering the decision-
making process of the current operation and the proposed CPFR approach described in Table
1. Table 11 shows that CPFR decisions and organizational strategies bring about significant
cost reductions, despite the costs of adding three DCs. These reductions arise from the CPFR
agreements between links and from the methods employed to locate the intermediate DCs
and generate the medicine distribution routes.

Table 10. Cost comparison across levels of the current operation and the proposed CPFR approach

September November
CPFR Current operation CPFR Current operation
Level 1 $134,854,111.30 $166,111,643.68 $131,722,184.84 $162,339,845.90
Level 2 $153,947,520.66 $161,062,676.56 $150,597,215.17 $157,598,124.58
Level 3 $32,849,730.78 $34,751,942.31 $32,205,873.59 $34,751,942.31
Total $321,651,362.75 $361,926,262.56 $314,525,273.60 $354,689,912.79

Source: Own source.

INGENIERIA Y UNIVERSIDAD: ENGINEERING FOR DEVELOPMENT | COLOMBIA | V. 25| 2021 | ISSN: 0123-2126 /2011-2769 (Online) | Pdg. 22



Design of a CPFR, location, inventory and routing approach to diabetes and high blood pressure medicine supply network
planning

Table 11. Cost reduction percentages across levels of the current operation and the proposed CPFR
approach

Cost reduction percentage

September November
Level 1 -18.82 % -18.86 %
Level 2 -4.42 % -4.44 %
Level 3 -5.47 % -7.33%
Total -11.13 % -11.32 %

Source: Own source.

Service Level Comparison

In the current operation, the satisfaction of the customer is a function of the immediate
delivery of the medicines to the patients, whose number can be observed to decrease during
the studied period. By comparing these results to those of the CPFR model, which aims to
cover the entire population, its impact on customer satisfaction can be easily observed.

Table 12. Service level comparison

July-August, 2018  September-October, 2018 November-December, 2018

Current satisfaction
(%)

CPFR satisfaction (%) 100 % 100 % 100 %

Source: Own source.

98 % 88 % 68 %

Discussion and Conclusions

The results of this work highlight the relevance of the CPFR model here developed to plan
the medicine supply to the users of the Colombian health system. The model guarantees
timely delivery to the patients through methods aimed at optimizing logistics costs.

The historical records of timely delivery of medicines to patients during the second semester
of 2018 show percentages of 98 %, 88 %, and 68 %, corresponding to three sequential two-
month periods. These variations are partly related to the difficulties implied in estimating
demand behavior. Contrarily, a 100 % satisfaction could have been guaranteed without
resorting to any safety stock if delivery had been planned on the basis of the CPFR medicine
demand forecast. It is important to clarify that these forecasts were slightly above the real
demand by 0.15 %, 1.38 % and 9.5 % for each two-month period, respectively.

INGENIERIA Y UNIVERSIDAD: ENGINEERING FOR DEVELOPMENT | COLOMBIA | V. 25| 2021 | ISSN: 0123-2126 /2011-2769 (Online) | Pdg. 23



Design of a CPFR, location, inventory and routing approach to diabetes and high blood pressure medicine supply network
planning

On the other hand, by comparing the logistics costs of the current operation to those of the
proposed model, it becomes clear that the latter would allow monthly average savings of
around COP $40,000,000. These savings are distributed among the three levels of the supply
chain, which, in ascending order, could be sparing their corresponding expenses by 77 %,
18 %, and 5 % of said amount. The main reduction, which occurs at the first level (19 % with
respect to the current operation), is partly due to the CPFR agreements and their consequent
reduction of the prices at which the IPS purchases the medicines from the laboratories.
Likewise, the relocation of the IPS’s DC reduces the costs of distributing the medicines from
the laboratories. The savings generated at level 2 (4 % with respect to the current operation)
are mainly due to the implementation of three intermediate DCs strategically located to
minimize the distribution costs from the IPS DC. Finally, a 6 % cost reduction is generated
at level 3, corresponding to the optimization of the distribution routes to the patients, obtained
by the aforementioned mathematical model.

In sum, the current results show the advantages of an integral planning of the interaction
between the three links of the studied supply chain through the CPFR model, supported by
the use of quantitative methods for demand forecast, location of facilities, and vehicle
routing. As it can be verified, said results respond to the questions raised in this paper. It is
worth noting that, insofar as a collaborative planning can be guaranteed throughout the chain,
it is possible to have greater control in the decision-making process, which, in turn, allows
reducing costs and attaining satisfactory service levels.

Nevertheless, it is important to consider that the solution proposed in this work could be
reinforced through future research by considering additional optimization methods aimed at
improving logistics costs under the CPFR approach. Just as well, other collaborative
approaches such as VMI can be considered and evaluated. Also, demand simulations can be
carried out to evaluate the behavior of collaborative interventions on costs and service levels,
taking into account demand variability.
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