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Abstract: (1) Background: Any disturbance in the pharmaceutical supply chain (PSC) can disrupt
the supply of medicines and affect the efficiency of health systems. Due to shortages in the global
pharma supply chain over the past few years and the complex nature of free trade and its limitations
when confronted by a major global health and humanitarian crisis, many countries have taken steps
to mitigate the risks of disruption, including, for example, recommending the adoption of a plus
one diversification approach, increasing safety stock, and nationalizing the medical supply chains.
(2) Objective: To scope findings in the academic literature related to decision criteria to guide national
policy decisions for the “Partial Nationalization of Pharmaceutical Supply Chain” (PNPSC) from the
viewpoints of the three main stakeholders: industry, payers (government and health insurance), and
patients. (3) Methods: These consist of a scoping review of the peer-reviewed literature. (4) Results: A
total of 115 studies were included. For local manufacturing decisions, five criteria and 15 sub-criteria
were identified. Weighting, decision-making, risk assessment, and forecasting were the main data
analysis tools applied; (5) Conclusions: The findings could serve as a baseline for constructing PNPSC
frameworks after careful adaptation to the local context.

Keywords: PSC; pharmaceutical supply chain; healthcare; reshoring; nationalization; local production;
API; active pharmaceutical ingredient; pharmaceuticals; drugs; medicines

1. Introduction
1.1. Characterization, Relevance, and Complexity of the PSC

According to the IQVIA Institute, drug spending worldwide in 2021 was estimated
at USD $1.5 trillion. Eleven (11) markets—USA, Japan, Germany, France, Italy, Spain, UK,
Brazil, Canada, South Korea, and Australia—together spent USD $618 billion on medical
drugs in terms of hospital and retail sales, amounting to around half of all global medicine
expenditure. The global active pharmaceutical ingredient (API) market was valued at USD
$300.7 billion in 2021. The API market is segmented on the basis of the molecule, type,
type of manufacturer, synthesis, chemical synthesis, type of drug, usage, potency, and
therapeutic application (IQVIA 2022).

Figure 1 is a graphic representation of the PSC showing the different inputs resulting
in the manufacture of pharmaceutical specialties distributed in consumer markets.

The pharmaceutical industry plays a significant role in providing medicines and saving
human lives. The operation of PSC is a crucial element, and any disturbance affecting
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supply chains could disrupt the supply of medicines and undermine the efficiency of health
systems.

Pharmaceutical companies’ supply networks are highly complex, involving the coor-
dination of large numbers of diverse products, markets, processes, and intermediaries in
the network, as well as ensuring the timely delivery of products to the right place and to
the right customers.
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These companies face a substantial range of risks that Milind and Sriram (2020)
described as “ . . . disruptions that occur along the pharmaceutical supply chain, hindering
the regular supply of products . . . mainly caused by a shortage of raw materials, product
quality issues, short product life cycles, or sustainable supplier failure . . . irregularities
that may generate lead time loss, late deliveries, backorders, production losses and supply
shortages leading to uncertainty in the volume of sales and income”.

The pharmaceutical industry is also hampered by fluctuations in demand and un-
certainties in the PSC, especially those on the demand side related to quantities and
reimbursement prices. PSCs overwhelmingly depend on the rules set by private or public
health systems, which not only impact pharma companies’ production and investment
decisions, but also play a key role in the criteria used by public health managers when
deciding to incorporate a pharmaceutical product into the health system. Stakeholders’
decisions are also directly affected by the complexity and risks of PSC operations.

On the supply side, pharma companies need to be able to satisfy the increasing
demand for medicines while operating highly complex supply chain structures involving
multiple variables and actors.

On the demand side, a range of political entities and institutions, often as “intermediate
payers”, are involved as stakeholders responsible for decision-making on resource and
budget allocations in the healthcare sector. Meanwhile, patients—a third important category
of stakeholders in the PSC—need good access to innovative and affordable drugs produced
by suppliers (Milind and Sriram 2020).

Production fragmentation in the pharma area and other industries increases the sys-
temic risks in supply-chain networks caused by extreme events. Supply and demand
uncertainties in the pharmaceutical industry negatively affect its commercial sustainability
in both local and non-local markets, and any disruptions in supply chains can seriously
undermine the availability of pharmaceutical products in the industry’s target markets.

1.2. Recent Disruptions in the PSC and Actions to Mitigate Them

Even before and after the COVID-19 pandemic, the global pharma supply chain has
faced shortages in the supply of pharmaceuticals. This is the case for many products that
have been listed on the US Food and Drug Administration (FDA) Shortages Webpage
(n.d.): https://www.accessdata.fda.gov/scripts/drugshortages/default.cfm, accessed on
11 November 2022.

In addition to supply shortages, the COVID-19 pandemic exposed the complex nature
of free trade and its limitations when confronted by a major global health and humanitarian

https://www.accessdata.fda.gov/scripts/drugshortages/default.cfm
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crisis. The risks of drug supply shortages and disruptions have been suffered by many
developing countries traditionally dependent on external suppliers. The inability to meet
the growing demand for antiviral agents, for example, caused an unprecedented global
shortage of pharmaceutical ingredients, which resulted in higher prices.

In recent years, an estimated 80% of all the inputs for medical drug production
worldwide were sourced from China and India, while India itself also sourced many
ingredients from China according to (Zhu et al. 2020). The lockdown of many Chinese
and Indian pharmaceutical producers during the pandemic reduced the supply of key
medicines precisely when demand was reaching an all-time high. While China remains a
significant supplier of APIs to generic drug manufacturers worldwide, the outbreak of the
virus there impeded Chinese pharma factories from working at full capacity to supply the
vastly increased demand.

To reduce the impact of the lack of strategic medicines for their populations, during
the pandemic, some national authorities took deliberate steps to block exports of what
they considered to be essential drug-related items. Fearing internal shortages, India, for
example, was reported to have stopped exporting at least 26 active drug ingredients normally
manufactured there (Rahaman 2021). After the pandemic, this led to a major shift in the
Indian Government’s approach to critical medicines production by its decision to promote
domestic manufacturing of key starting materials (KSM)/intermediates and APIs, develop
its own local sources of materials, and adopt alternative strategies aimed at reducing its
dependency on other countries. Meanwhile, the United States FDA, in its turn, belatedly
realized that the portfolio of suppliers of many key ingredients to the American market was
indeed dependent on this narrow group of Chinese and Indian raw material suppliers.

Given that the COVID-19 pandemic exposed the vulnerable modern supply chain
logistics to a major disruption in the entire healthcare sector, pharma companies are now,
in the post-pandemic era, increasingly aware of the urgent need to build resilient supply
chains to weather not only the new strains of the virus, but also to prepare for future events.

To mitigate the negative fallout and to protect supply chain operations, several recom-
mendations have been proposed by experts, such as Tang (2006) and Zhu et al. (2020). These
include the possibility of pursuing a plus-one diversification approach (i.e., avoidance of
dependence on a single supplier), increasing emergency stock, nationalizing medical sup-
ply chains, and so on. The main thrust of these and other measures is to seek to alleviate
the problems still arising from the crisis and boost the resiliency of pharma companies to
withstand potential shortages in the longer term.

In the context of this scenario, this scoping review seeks to identify the parameters
that must be adopted in a decision of last resort to nationalize production in the event of
the inadequacy of the strategies so far proposed for mitigating supply chain disruptions.

1.3. The Option of PSC Partial Nationalization

Zhu et al. (2020) have pointed to the need for countries to “shockproof” themselves by
reshoring the production of essential medical goods. The “reshoring” approach has gained
traction in the USA, India, and other countries, not only to ensure a stable supply of key
ingredients, but also to bolster ailing economies.

While it is possible for health authorities to encourage the nationalization of off-patent
pharmaceuticals (OPPs), providing API and OPP meet the requisite quality criteria, this
does not apply to patented pharmaceuticals. OPPs represent between 60% and 80% of the
size of the pharmaceutical market in most emerging markets (IQVIA 2022).

OPPs are the products that are similar to the innovator product following the expiration
of the patent. It is important to remember that the nationalization option stimulated by
industrial policy is applicable only to products with expired patents.

Given the high costs involved in PSC verticalization, a country’s limited budget for
investment, and aspects related to comparative advantages, future attempts by some
countries to “shockproof” themselves by nationalizing their pharmaceutical supply chain
could well turn out to be partial and confined to a few select APIs.
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1.4. A Framework to Support a National Strategy for the Selection of Products to Be Nationalized

From the standpoint of microeconomics theory, the make-or-buy/vertical integration
decision of a firm is the central issue in transaction cost economics. This theory, devel-
oped by Williamson (1981), shows how trading partners protect themselves from hazards
associated with exchange relationships. The integration of activities by a company is a
way to safeguard economic rents, and the institutional arrangements are chosen according
to the level of investment protection and lowest transaction cost. There are numerous
accounts in the literature describing the efforts and techniques adopted by individual
pharmaceutical companies to select drugs to be prioritized from a portfolio of products.
Such decision-making processes often depend solely upon the priorities of an individual
organization (Hilbert and Blome 2015; Shelanski and Klein 1995; Aurentz et al. 2011).

However, we were unable to identify any of the literature referring to methods of
prioritization or vertical integration decisions from a ‘collective interest’ viewpoint. This
was the gap in the literature regarding this topic of investigation that required a scoping
review—a method used to summarize a range of evidence to understand broadly what is
known about a phenomenon.

The objective of this paper is to scope the three main stakeholders from their PSC
perspectives advocated in the academic literature relating to the prospective criteria for
the PNPSC. The stakeholders are: industry; payers—government and health insurance;
and patients.

The identified criteria will be useful to construct a coherent decision-making frame-
work applicable to production decisions in the context of shortage risks, strategic position-
ing, and pandemic preparedness while considering limited healthcare budgets and the
need to minimize environmental impacts.

This paper aims to promote a pragmatic approach to industrial policy and point to
new areas for policy interventions in the pharmaceutical sector.

The paper is structured as follows. Section 2 contains the proposed methodology for a
scoping review, while Section 3 presents the results presenting the key concepts obtained
from the literature and responses to the questions raised in the scoping survey. Section 4
focuses on discussion, and Section 5 sets out our conclusions.

2. Methodology

To facilitate a structured and transparent approach to identifying the criteria for the
selection of the products to be nationalized, and contribute to the policy debates, we
adopted the method of scoping review for this study.

This study was conducted and written according to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) recommendations (Page et al. 2021).
Our work focused on the six phases required for a scoping review: (1) identifying the
research question(s); (2) researching relevant studies; (3) selecting studies; (4) mapping,
extracting, and tabulating the data; (5) analyzing the data; and (6) presenting the results.
The definition of ‘scoping’ reviews is presented below.

2.1. Scoping Review

Scoping reviews are a knowledge synthesis method used to summarize a range of
evidence to understand broadly what is known about a phenomenon. They differ from
systematic reviews in their broad approach to a topic, their purposive sampling frame, and
their identification of gaps in the literature (Whittemore et al. 2014).

2.2. Identifying the Research Question

The following four research questions originated with the University of São Paulo
team of researchers and collaborators.

• According to the scientific reference literature, what are the current methods employed
for analyzing a product (in any sector) and deciding to manufacture it locally?
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• What are the criteria and methods practiced by industry and institutions in the health,
pharmaceuticals, medical drugs, areas, etc., for selecting pharmaceuticals and APIs for
local manufacturing of these products?

• What are the criteria used by public health managers in the pharmaceutical sector
when deciding to incorporate a product into the health system?

• Which are the data analysis tools used to support the above methods?

2.3. Search Strategy

With support from experienced researchers, we constructed a comprehensive search
strategy for identifying published papers that met the inclusion criteria.

Structured search strategies were used in database searches (MedLine, Embase, Google
Scholar, and IEEE Xplore) and constructed using PubMed MeSH terms and boolean opera-
tors, as described in Figure 2.
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2.4. Selection Criteria

Inclusion and exclusion criteria were developed at the outset of the review. The
inclusion criteria covered (a) primary and secondary studies, as well as (b) articles that
directly answered the research questions (‘systematic review’) or that would assist a broader
understanding of what is known about a phenomenon (‘scoping review’).

Papers addressing the following subjects were included: decision-making about
investments in the production of and the payment (reimbursement) arrangements for phar-
maceuticals in particular countries. Congressional abstracts, letters, editorials, unavailable
full-text, and studies presenting subjects in (Figure 3) were excluded.

2.5. Study Selection

The electronic databases were monitored for the peer-reviewed literature, using filters
for English, Spanish, and Portuguese language articles, but none for publication dates.
The lack of studies in Spanish and Portuguese selected in our scoping review is due to
the non-compliance of such studies to the pre-established inclusion criteria. The studies
nevertheless underwent the same selection process as those in English.

Reference lists of relevant papers and conference abstracts were manually searched,
results were imported into the Reference Manager ZoteroTM, and duplicate citations were
removed. A detailed breakdown of citations identified from the various information sources
is presented in Figure 3 (Zotero n.d.).

The titles and abstracts that appeared to meet the inclusion/exclusion criteria, or
where there was any uncertainty, were screened for relevance and duplication. The full-text
articles were then downloaded in Zotero and then screened.
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2.6. Charting, Extracting, and Tabulating the Data

The researchers charted key data from the papers selected for inclusion in the scoping
study using a data charting form that involved sifting through and sorting data according
to key aspects or concepts.

The key aspects or concepts were identified a priori and recorded under the following
headings: articles evaluated “Yes” or “No”, were selected, or excluded; reason for selection
or exclusion; main findings; and conclusion.

2.7. Data Extraction and Synthesis

The data were analyzed qualitatively using a general inductive approach. Three
researchers carefully examined extracted data (raw text from the tables) to familiarize
themselves with the content and potential themes.

Initial coding categories representing ‘meaning units’ (themes) were then created. The
themes (industry perspective; government perspective; patient perspective), were created
to represent the views of the main PSC with influence on the production, consumption, or
reimbursement decisions of the PNPSC, as well as the choice of analytical tools (decision
models) used to analyze PSC data. Subthemes were added as they emerged during the
selection procedure.

Each article was also classified according to topic areas (e.g., “Perspective”) and categories
within each area (e.g., “Key Concept”). The synthesis was conducted using a cascading process,
and the lists of areas and categories were updated as more articles were reviewed.

Papers were first checked by a researcher to determine applicability to the research
questions, perspectives, and categories. Subsequently, all articles were fully reviewed a
second time to check alignment with the respective research question (Questions 1–4).

The registered protocol is available at Zenodo (Supplementary Materials). Consulting
stakeholders and experts who might propose additional references and/or insights not
found in the literature are optional in scoping reviews (Levac et al. 2010), but in the case of
the present review, the authors decided not to consult them.

3. Results

By October 2021, a total of 11,302 potentially eligible peer-reviewed article listings
were identified in the electronic databases. Of these, 121 duplicates were identified and
automatically eliminated, and 680 titles were manually eliminated, including congress
abstracts, letters, and editorials. 10,501 articles were finally evaluated by title, of which
984 were selected by title, 400 by abstract, and 115 by full text. The selected 115 were each
analyzed regarding the theme of PNPSC in terms of the three main perspectives and their
respective initial key concepts identified in the literature, as represented in Figure 4:
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Figure 3 shows the PRISMA flow chart of the review process and the number of articles
at each stage.

3.1. Analysis and Data Synthesis

Table 1 presents the responses to the questions identified in the scoping survey in line
with the various criteria and sub-criteria.

3.1.1. What Are the Current Methods Employed in the Scientific Reference Literature for
Analyzing and Deciding on the Local Manufacture of a Product (From Any Sector)?

Three journal articles addressed methods for analyzing and deciding on the local
manufacture of a product in any sector. The main concern highlighted related to economic
(supply side) factors or criteria, with the two main sub-criteria identified as “Minimization
of raw material and manufacturing costs” and “Maximizing return on investment, profit
maximization, and product portfolio optimization”.

3.1.2. What Are the Criteria of the Methods Used by Industry and Institutions (Health,
Pharmaceuticals, Drugs, or Inputs Areas) for Selecting Pharmaceuticals and APIs for Local
Manufacturing?

The selection of pharmaceuticals and APIs for local manufacturing involves a wide
range of factors or criteria including economic (supply side), economic (demand for API),
technical feasibility, environmental impact, and strategic vision.

Ten sub-criteria were identified under this scope in 44 journal articles as being relevant
to the decisions of pharmaceutical firms to pursue local manufacturing or not. (Table 1,
Question 2 column, highlighted in grey).

3.1.3. What Criteria Are Used by Public Health Pharmaceutical Sector Managers to
Incorporate a Product into the Health System?

63 journal articles carried relevant references to the criteria employed by public health
practitioners. We selected the scope of four decision factors or criteria: economic (supply
side); economic (demand for API); environmental impact; and strategic vision. Concern
with “Technical feasibility” was referred to only in the case of vaccine manufacturing.

Among the factors or criteria affecting decisions, 12 sub-criteria were identified as
being adopted by public health managers. The major concerns were with the projected
impact on payers’ budgets in the short/medium term. Other relevant sub-criteria were
value assessment of the drug-related to its health gain, affordability and availability, pa-
tient preferences, criteria for the subsidization of medicines, environmental risk caused
by emissions and waste generation, avoidance of supply interruption risks, risks of short-
ages, ensuring access to essential and disease-related medicines, and, finally, innovation
incentives/scientific spillover (Table 1).
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Table 1. Partial nationalization of the pharmaceutical supply chain (PNPSC)—summary of findings scope or criteria, sub-criteria, and addressed questions.

Scope/Criteria Sub Criteria Question 1 Question 2 Question 3 Question 4

Economic
(Supply side)

Raw Material
Costs/Manufacturing Costs

(Hilbert and Blome
2015)

(Plotkin et al. 2017); (Crawford et al.
2012); (Jayasundara et al. 2019); (Malone
et al. 2001); (Ten Ham et al. 2021)

Quantity/Target Population
size/economies of
scale/economies of scope

(Foroutan et al. 2018); (Suwanthawornkul
et al. 2018); (Berdud et al. 2020); (Hupcey
and Ekins 2007)

Return on Investment/Profit
maximization/Product
portfolio optimization

(Balestra 2017);
(Bujar et al. 2017)

(Årdal et al. 2018); (Balestra 2017);
(Vennemann et al. 2019); (Keyhani et al.
2005); (Moreno and Epstein 2019);
(Aurentz et al. 2011); (Lee Mendoza 2019);
(Robinson and Howell 2014); (Ronco et al.
2021)

(Verghese et al. 2019); (Garattini and Padula
2018)

Industrial Competitivity (Costantino 2021); (Mahajan et al. 2020);
(Cherian et al. 2021) (Xu et al. 2020); (de Vet et al. 2021)

Economic
(Demand for API)

Projected Impact on payers’
budget (BIA) in short and
medium terms

(Vieira 2020) (Angelis et al. 2020)

VALUE ASSESSMENT of the
drug-related to its HEALTH
GAIN (Health benefits of using
the pharmaceutical including
improved quality of life,
survival, clinical surrogate
endpoints, and/or safety)

(Aurentz et al. 2011); (Vennemann et al.
2019); (Leong et al. 2013); (Kreiner 1995);
(Antoñanzas et al. 2016); (Camejo et al.
2014); (Lee Mendoza 2019); (Vogler et al.
2017); (Brixner et al. 2018)

(Angelis et al. 2018) (Angelis et al. 2020); (Jakab
et al. 2020); (Gonçalves 2020); (Leong et al. 2013);
(Kreiner 1995); (Nicod 2017); (Sorenson et al.
2017); (Aranda-Reneo et al. 2021); (Frutos
Pérez-Surio et al. 2019); (Pauwels et al. 2016);
(Leong et al. 2013); (Kreiner 1995); (Vogler et al.
2018); (Antoñanzas et al. 2016); (Benzi and Ceci
1998); (Simoens 2010); (Rizzardo et al. 2019);
(Dionne et al. 2015); (Chambers et al. 2014);
(Mitchell 2021); (Bae et al. 2018); (Drake et al.
2016); (Bastani et al. 2019); (Jönsson 2004)

Affordability and Availability (Gong et al. 2016)

Patient preferences (Young et al. 2017); (Cook et al. 2019); (Hoos
et al. 2015)

Criteria for the subsidization of
medicines (Pace et al. 2015); (Afsharmanesh et al. 2020)

Disease related (Kramer et al. 2021); (Vreman et al. 2019)
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Table 1. Cont.

Scope/Criteria Sub Criteria Question 1 Question 2 Question 3 Question 4

Technical feasibility

API Quality Assurance (Farghaly et al. 2021); (Ganzer et al. 2005);
(Brixner et al. 2018)

Production Process/Technical
feasibility/Manufacturing
Complexity

(Panzitta et al. 2015); (Lugovoi et al. 2021);
(Ougier et al. 2021) (Kameda 2014)

Environmental impact

Environmental risk caused by
Emissions and Waste
generation during Level I
upstream process

(Pålsson et al. 2019); (Renteria Gamiz
2019); (Segawa et al. 2016); (Sarasati and
Dachyar 2021); (Kar et al. 2018); (Li et al.
2020); (Ougier et al. 2021)

(Kar et al. 2018); (Forster 2014); (Costantino
2021); (Abbott 2004); (Duong et al. 2019);
(Reidenberg 2007); (Nyakatawa 2015); (Zarei
et al. 2020); (Moosivand et al. 2021);
(Shukar et al. 2021); (Cogan et al. 2018); (Tucker
et al. 2020); (Ventola 2011); (Jackson and Faith
2013)

Strategic vision

Avoid supply interruption
risks/Shortage risk/guarantee
access to essential medicines

(Bonvillian 2021); (Hilbert and Blome
2015); (Panzitta et al. 2017); (Milind and
Sriram 2020); (Moktadir et al. 2018); (Zhu
et al. 2020); (Shukar et al. 2021); (Cogan
et al. 2018); (Guharoy and Noviasky 2021)

(Costantino 2021); (Abbott 2004); (Duong et al.
2019); (Reidenberg 2007); (Nyakatawa 2015);
(Zarei et al. 2020); (Moosivand et al. 2021);
(Shukar et al. 2021); (Cogan et al. 2018); (Tucker
et al. 2020); (Ventola 2011); (Jackson and Faith
2013); (Broccoli et al. 2018)

Innovation
incentives/scientific spillover

(Ahn 2017); (Jakab et al. 2020); (Botwright
et al. 2020)

(Verghese et al. 2019); (Angelis et al. 2020);
(Hughes 2012); (Chalkidou 2010); (Garrison and
Towse 2019); (Messori 2016a); (Castillo-Laborde
and Silva-Illanes 2014); (Messori 2016b);
(Moreno and Epstein 2019); (Camejo et al. 2014);
(Zelei et al. 2021); (De Pinho Campos et al. 2011)

Methods and
Techniques

Weighting Methods (Islei et al. 1991); (Németh et al.
2019)

Risk Assessment (Milind and Sriram 2020);
(Moktadir et al. 2018)

Demand Forecasting (Sekhri 2006)

Decision method/modeling

(Thokala et al. 2016);
(López-Cuadrado et al. 2020);
(Vernon and Hughen 2006); (Chen
and Hung 2010); (Moktadir et al.
2018); (Hasan et al. 2019); (Carlsson
1979); (Ogorodova et al. 2016);
(Hafner et al. 2017); (Justo et al.
2019)
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3.1.4. What Are the Methods That Use Data Analysis Tools for Questions 1 to 3?

We chose eight journal articles that tackled the issues concerning the adoption of
methods and techniques applicable to the modeling of attributes responding to the various
criteria: weighting; decision-making; risk assessment; and forecasting.

See Table 1: “Partial Nationalization of Pharmaceutical Supply Chain (PNPSC)—
Summary of findings scope, criteria, and addressed questions”, after the References Section.

References for the papers classified in each area, category, and subcategory are pre-
sented in Table 1.

Given that articles may be linked to multiple categories, the total number of articles
(115) was less than the sum of the counts of the individual scope/criteria categories (123).

Table 2 contains the description criteria and sub-criteria scoped as a result of the
present study, and Table 3 describes methods and techniques identified in the scoping
review to analyze related data (Tables 2 and 3).

Table 2. Partial nationalization of pharmaceutical supply chain (PNPSC)—scope or criteria, sub-
criteria, and description.

Criteria/Scope Sub Criteria Description

Economic
(API Supply)

Raw Material
Costs/Manufacturing Costs

Consider internal factors such as raw material costs, the number and
complexity of intermediate steps, and the efficiency with which the
overall process converts those materials into the API.

Quantity/Target Population
size/economies of scale

Refer to the phenomenon where the average costs per unit of output
decrease with the increase in the scale or magnitude of the output
(quantity) being produced by a firm.

Return on Investment/Profit
maximization/Product portfolio
optimization

Criteria that rank projects according to the financial present value of
future cash flow, after discounting the initial investment;

Industrial Competitivity

External factors that impact profits, total costs, and customer value
creation as Regulatory environment; prices of final products imports;
R&D expenditure; Exports of final products; Raw Material Cost (RM);
Salary and Wages (SW); skilled labor; Advertising and Marketing (AM)
Cost; Capital Usage Cost (CUC) Cost of utilities compared to
manufacturing counterparts: water, electricity, sharing of common
effluent treatment plants; local financial or political stability, domestic
demand satisfied by offshore plants, intellectual property rights
protection, human and environmental rights protection; level of
automation. Testing facilities may be provided at a reasonable cost.

Economic
Demand for API

Projected Impact on payers’
budget (BIA) in short and
medium terms

Budget impact assessment of patient populations’ medicine
consumption. Drug-related direct consumption. The analysis should
estimate the annual financial impact over a minimum timeframe of 5
years.

VALUE ASSESSMENT of the
drug-related to its HEALTH
GAIN (Health benefits of using
the pharmaceutical including
improved quality of life,
survival, clinical surrogate
endpoints, and/or safety)

Related to the decision-making opportunity cost of a drug to set
government (insurer) payment or reimbursement thresholds. A
measurement of reimbursement and commercial co-payment
attractiveness is needed. Medicines that are more effective than
existing comparators can get a higher price. Willingness to pay is based
on clinical, economic value, and societal considerations which can
affect government and Insurance reimbursement decisions.
Reimbursement decisions depend on value definitions. Value in
healthcare can be defined as “health outcomes per dollar achieved’.
Patient or consumer behaviors are affected by (and correspondingly
respond to) the price and price change of any healthcare product or
service. Price elasticity of demand is critical.
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Table 2. Cont.

Criteria/Scope Sub Criteria Description

Affordability and Availability

Criteria related to availability and affordability are the two main
criteria to assess whether patients can receive timely, adequate, and
efficient treatment. Affordability is measured as the ability of residents
to afford a treatment course based on the daily wages of the
lowest-paid unskilled government worker.

Patient preferences

These criteria move the discussion from cost to aligning on the clinical
value for patients. Patient preferences can be used to inform
decision-making across the product lifecycle across the four domains:
Treatment satisfaction (7 attributes), Symptom bother (8), Treatment
administration (5), and Impact on daily life (5). Patients have a role to
play alongside all other stakeholders in determining intended
outcomes and priorities, acceptable uncertainty, as well as the
benefit/risk and value of a medicine. Their recommendations and
conclusions may be different from those of regulators, payers,
academic researchers, other health care professionals (HCPs), and
industry, making it even more important that these opinions are well
understood by all those making decisions.

Criteria for the subsidization of
medicines

Criteria for prioritizing and increasing the legitimacy of
pharmaceutical subsidization (or funding of medicines) processes and
making them more acceptable to a wider range of stakeholders.

Disease-related

Criteria for value assessment of Orphan drugs for rare diseases;
Antibiotics for infectious diseases. Drugs for neglected diseases and
unmet needs. Measures of the impact of available treatments and drugs
on a life-threatening or chronically debilitating need to be assessed.

Technical feasibility

API Quality Assurance

Criteria that consider product and manufacturer quality assurance:
Product quality assurance: the equivalence standards of the drug to the
innovator standard; Manufacturer quality assurance criteria: quality
standards of the manufacturing process and whether manufacturing is
done within or outside the local market. Processes to manage safety
concerns or adverse events of the product;

Production Process/Technical
feasibility/Manufacturing
Complexity

Criteria consider the manufacturing complexity in terms of
batch-to-batch reproducibility/process, equipment, and quality system.
Focuses on manufacturing active pharmaceutical ingredients (APIs)
that have lost patent protection.

Environmental
impact

Environmental risk caused by
Emissions and Waste generation
during Level I upstream process

Criteria that consider the environmental risk posed by the individual
API manufacturing in Level 1 - Cradle to gate API phase of production
stages: Production of API, including extraction, processing, production,
and transportation of raw materials. The following attributional
processes are part of the production system and are classified as
upstream processes:

• Production of raw materials and chemicals used as inputs to the
core process. The production includes extraction, transport, and
refinement of resources;

• Production of solvent and catalysts used in the core process;
• Generation of energy used in the upstream processes;
• Transports between upstream processes;
• Treatment of waste generated in the upstream process;

Risks:

• Manufacturing and storage of the API (including all intermediate
stages);

• Solvent and catalyst use and disposal;
• Solvent recovery and incineration;
• Generation of energy used in the core process;
• Transports to and between core process steps;
• Treatment of waste generated in the core process.
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Table 2. Cont.

Criteria/Scope Sub Criteria Description

Strategic

Avoid supply interruption risks
and shortage risks,
guaranteeing access to essential
medicines

Criteria that consider the risk of unavailability/shortage of essential
drugs used as lifesaving interventions or for high-acuity conditions,
and drugs without an available substitute in the market. Essential
Medicines are those that satisfy the priority health care needs of the
population (WHO). They are selected with due regard to public health
relevance, evidence on efficacy and safety, and comparative
cost-effectiveness. The supply of essential medicines is a “public goods”
problem in the sense that the private market does not adequately
address it.

Innovation incentives/scientific
spillover

Criteria consider strategic vision regarding stimulating the valuation of
medicines to promote “the dynamic efficiency” of a drug. Industrial
Policies (pricing and reimbursement) have been designed to boost
innovation and, at the same time, ensure that taxpayers’ money is
spent efficiently.

Table 3. Partial nationalization of the pharmaceutical supply chain (PNPSC)—methods and tech-
niques identified in the scoping review.

Criteria/Scope Sub Criteria Description

Methods and
Techniques

Weighting Methods Weight techniques for obtaining scores of criteria and sub criteria.

Risk Assessment

Method to select the relevant risks associated with Pharmaceutical Supply
Chains (PSCs). Risk is represented in terms of an uncertain event which could
probably lead to unfavorable outcomes such as late delivery, financial burdens,
business loss, etc.

Demand Forecasting

Demand forecasting serves four functions critical to the effective delivery of
medicines and supplies:

1. Allows manufacturers to plan capacity for existing products, ensuring
sufficient supply to meet demand.

2. Provide manufacturers with information about new market potential,
permitting them to efficiently allocate resources for developing, producing,
and commercializing new products.

3. Enable health systems in developing countries to build capacity to deliver
products, matched to the scale and mix of products required.

4. Allows donors to efficiently allocate their resources by ensuring optimal
prices and adequate supplies of products.

Decision Model Problem-solving

4. Discussion

Several countries, such as India (Cherian et al. 2021), the United States (The White
House 2021), and Brazil (Fairbanks 2022), have appointed their industrial policy managers
for the local production of APIs and verticalization of the chain based on the National
Ministry of Health essential drug lists. The criteria presented in this article, combined
with the weights assigned to them to reflect national priorities and qualitative/quantitative
attributes, could serve to develop models to amend the lists. Using the criteria in mathe-
matical or artificial intelligence (AI) models will allow a bolder selection of products to be
produced locally. Ideally, these three highly populated countries with high local demand
should aim toward a common strategy to avoid global oversupply leading to falling prices,
as well as to boost the economic sustainability of pharma firms by offering improved
investment prospects in product lines.
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Our scoping review serves as a contribution to complement Cherian’s article “India’s
Road to Independence in Manufacturing Active Pharmaceutical Ingredients: Focus on
Essential Medicines” (Cherian et al. 2021).

The findings of this article can be incorporated into multicriteria decision-making
models, such as the analytic network process (ANP) developed by Thomas L. SAATY, from
the University of Pittsburgh (Saaty 2008).

4.1. Policy Implications

Framework development helps national entities responsible for health care avoid
taking investment decisions solely based on stakeholder consultation and political criteria.
As pointed out by Chang and Andreoni (2020), industrial policy is back at the center stage
of economic debate, while the world is undergoing dramatic transformations, with the rise
of the global value chain (Chang and Andreoni 2020).

This contribution brings a pragmatic approach to industrial policy and points to new
areas for policy intervention in the pharmaceutical sector.

4.2. Future Recommendations

Our further studies will aim to select attributes to allow the quantification of each
criterion where an attribute is defined as a “quantitative or qualitative measure of perfor-
mance associated with a particular criterion” (Belton and Stewart 2002) or a “descriptor of
performance or impact requiring ordering of preference” (Keeney 1992).

The identified criteria will be useful for constructing a future coherent decision-making
framework that can be applied to production decisions on the risks of pharmaceuticals
shortages, the need for strategic positioning, and pandemic preparedness, notwithstanding
limited healthcare budgets and the need to minimize environmental impacts. Meanwhile, a
universal overarching framework can be defined as “a set of principles, guidelines, and tools
to guide decision making in selecting, organizing, understanding, summarizing, quantifying,
and communicating the evidence relevant to benefit-risk decisions . . . while methodologies
are tools for assisting the conduct of a scientific assessment.” (Leong et al. 2013).

A framework will incorporate the criteria and attributes in mathematical modeling
and be useful for providing documentation for a structured discussion.

The criteria identified in this scoping review point towards the construction of a
general model for specifying the list of items to be verticalized. Sub-criteria can be included
to finetune this study in the event of specific interest emerging in drug APIs based on
synthetic, biological, or botanical materials.

The answer to the fourth question raised by the literature review reveals that the pro-
posed algorithm must comprise: (1) a calibration model, attributing weights to the criteria
according to the national interests of the three main stakeholders; (2) a predictive model
to estimate the epidemiological situation over a five-year time horizon—the investment
maturation time; and (3) an optimization model to make it possible to link the outcomes of
1 and 2 to attributes and variables that reflect the criteria and sub-criteria.

4.3. Limitations

We are aware that the scoping review is limited by the fact that the findings presented
in Figure 4 and Tables 1–3 have not been tested or discussed with stakeholders’ repre-
sentatives. Although this is not methodologically required for a scoping study, the tests
and discussions could at some stage be conducted to validate the criteria in real-world
multicriteria industrial policy decision-making.

5. Conclusions

Transaction cost economics theory does not explain or support industrial and health
policy decisions regarding the verticalization of the production of strategic goods, such
as pharmaceuticals. The five criteria and their respective sub-criteria mapped along this
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scoping review indicate that multicriteria decision-making theory seems to fit better to
decision problems that address collective interests.

This was the first effort to scope findings in the academic literature related to decision
criteria to guide national policy decisions for the PNPSC from the viewpoints of the three
main stakeholders: industry, payers (government and health insurance), and patients.

Drug shortages constitute a major public health crisis. This paper presents the first
comprehensive review of the available literature on PNPSC-related aspects, which provides
a set of criteria on which to build a framework for a shared understanding of the national
strategies that can be adopted.

Stakeholders, such as industry, health systems, and patients, can benefit from the
planning of private and public investments to bring about the nationalization of the supply
chain for a selection of drugs needed to deal with epidemics while maintaining an innova-
tive and competitive environment conducive to avoiding drug shortages that negatively
affect the delivery of health care. While not all countries can afford to “nationalize the
supply chain”, it is a valid strategy for countries or groups of countries with certain levels
of population, income, technological development, and innovation capacity.

Although the criteria may be adjusted over time, a dependable list of criteria will
undoubtedly help establish consistent decision-making, accountability, and transparency
in the pharmaceutical market. In this spirit, it is hoped that the present paper will serve as
a tool to aid communication between stakeholders.

Funding: This research received no external funding.

Supplementary Materials: The registered protocol of this scoping review is available at Zenodo,
DOI https://zenodo.org/record/6977394#.YwEcG3bMKUk. The data that support the findings of
this study are available from the corresponding author, upon reasonable request (Zenodo n.d.).

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Acknowledgments: Professional writing and editorial assistance was provided by John Penney
(Brasília, DF, Brazil).

Conflicts of Interest: The authors declare no conflict of interest.

References
Abbott, Frederick M. 2004. Managing the Hydra: The Herculean Task of Ensuring Access to Essential Medicines. SSRN Scholarly Paper ID

1913965. Rochester: Social Science Research Network.
Afsharmanesh, Gita, Gholamhossein Mehralian, and Farzad Peiravian. 2020. Attributes Development for Pharmaceutical Subsidization:

A Qualitative Study. Iranian Journal of Pharmaceutical Research: IJPR 19: 203. [CrossRef]
Ahn, Kyungseop. 2017. The Worldwide Trend of Using Botanical Drugs and Strategies for Developing Global Drugs. BMB Reports 50:

111–16. [CrossRef]
Angelis, Aris, Ansgar Lange, and Panos Kanavos. 2018. Using Health Technology Assessment to Assess the Value of New Medicines:

Results of a Systematic Review and Expert Consultation across Eight European Countries. The European Journal of Health Economics
19: 123–52. [CrossRef] [PubMed]

Angelis, Aris, Mark Linch, Gilberto Montibeller, Teresa Molina-Lopez, Anna Zawada, Kinga Orzel, Francis Arickx, Jaime Espin, and
Panos Kanavos. 2020. Multiple Criteria Decision Analysis for HTA across Four EU Member States: Piloting the Advance Value
Framework. Social Science & Medicine 246: 112595. [CrossRef]

Antoñanzas, Fernando, Robert Terkola, and Maarten Postma. 2016. The Value of Medicines: A Crucial but Vague Concept. Pharma-
coEconomics 34: 1227–39. [CrossRef] [PubMed]

Aranda-Reneo, Isaac, Beatriz Rodríguez-Sánchez, Luz María Peña-Longobardo, Juan Oliva-Moreno, and Julio López-Bastida. 2021.
Can the Consideration of Societal Costs Change the Recommendation of Economic Evaluations in the Field of Rare Diseases? An
Empirical Analysis. Value in Health 24: 431–42. [CrossRef] [PubMed]

Årdal, Christine Oline, David Findlay, Miloje Savic, Yehuda Carmeli, Inge Gyssens, Ramanan Laxminarayan, Kevin Outterson, and
John H. Rex. 2018. Revitalizing the Antibiotic Pipeline: Stimulating Innovation While Driving Sustainable Use and Global Access. Genève:
DRIVE-AB.

Aurentz, Vincent, Bernhard Kirschbaum, and Markus Thunecke. 2011. Revitalizing Portfolio Decision-Making at Merck Serono
S.A.—Geneva. Journal of commercial Biotechnology 17: 24–36. [CrossRef]

https://zenodo.org/record/6977394#.YwEcG3bMKUk
http://doi.org/10.22037/ijpr.2019.15507.13136
http://doi.org/10.5483/BMBRep.2017.50.3.221
http://doi.org/10.1007/s10198-017-0871-0
http://www.ncbi.nlm.nih.gov/pubmed/28303438
http://doi.org/10.1016/j.socscimed.2019.112595
http://doi.org/10.1007/s40273-016-0434-8
http://www.ncbi.nlm.nih.gov/pubmed/27444306
http://doi.org/10.1016/j.jval.2020.10.014
http://www.ncbi.nlm.nih.gov/pubmed/33641778
http://doi.org/10.1057/jcb.2010.26


Economies 2023, 11, 25 16 of 21

Bae, Eun-Young, Hui Jeong Kim, Hye-Jae Lee, Junho Jang, Seung Min Lee, Yunkyung Jung, Nari Yoon, Tae Kyung Kim, Kookhee Kim,
and Bong-Min Yang. 2018. Role of Economic Evidence in Coverage Decision-Making in South Korea. PLoS ONE 13: e0206121.
[CrossRef] [PubMed]

Balestra, Giulia. 2017. Strategic Product Portfolio Management: A Focus on the Bio-Pharmaceutical Sector and Roche, Department of
Business & Management Chair in Corporate Strategies, Universitá Guido Carli. Available online: http://tesi.luiss.it/20802/1/67
1531_BALESTRA_GIULIA.pdf (accessed on 23 October 2021).

Bastani, Peivand, Arash Ghanbarzadegan, Soudabeh Vatankhah, and Mahnaz Samadbeik. 2019. Components Affecting Pharmaceutical
Strategic Purchasing: A Scoping Review. Health Services Insights 12: 1178632919837629. [CrossRef]

Belton, Valerie, and Theodor J. Stewart. 2002. Multiple Criteria Decision Analysis. Boston: Springer. [CrossRef]
Benzi, Gianni, and Adriana Ceci. 1998. The “drug Value” in the European Pharmaceutical System. Pharmacological Research 37: 333–37.

[CrossRef]
Berdud, Mikel, Michael Drummond, and Adrian Towse. 2020. Establishing a Reasonable Price for an Orphan Drug. Cost Effectiveness

and Resource Allocation 18: 31. [CrossRef] [PubMed]
Bonvillian, William B. 2021. Emerging Industrial Policy Approaches in the United States. Washington, DC: Information Technology & Inno-

vation Foundation, October 4, Available online: https://www2.itif.org/2021-industrial-policy.pdf (accessed on 10 April 2022).
Botwright, Siobhan, Anna-Lea Kahn, Raymond Hutubessy, Patrick Lydon, Joseph Biey, Abdoul Karim Sidibe, Ibrahima Diarra, Mardiati

Nadjib, Auliya A. Suwantika, Ery Setiawan, and et al. 2020. How Can We Evaluate the Potential of Innovative Vaccine Products
and Technologies in Resource Constrained Settings? A Total Systems Effectiveness (TSE) Approach to Decision-Making. Vaccine
X 6: 100078. [CrossRef] [PubMed]

Brixner, Diana, Zoltán Kaló, Nikos Maniadakis, Kyoo Kim, and Kalman Wijaya. 2018. An Evidence Framework for Off-Patent
Pharmaceutical Review for Health Technology Assessment in Emerging Markets. Value in Health Regional Issues 16: 9–13.
[CrossRef] [PubMed]

Broccoli, Morgan C., Jennifer L. Pigoga, Mulinda Nyirenda, Lee Wallis, and Emilie J. Calvello Hynes. 2018. Essential Medicines for
Emergency Care in Africa. African Journal of Emergency Medicine 35: 412–19. [CrossRef]

Bujar, Magdalena, Neil McAuslane, Stuart R. Walker, and Sam Salek. 2017. Evaluating Quality of Decision-Making Processes in
Medicines’ Development, Regulatory Review, and Health Technology Assessment: A Systematic Review of the Literature.
Frontiers in Pharmacology 8: 189. [CrossRef]

Camejo, Rodrigo Refoios, Clare McGrath, Marisa Miraldo, and Frans Rutten. 2014. Distribution of Health-Related Social Surplus in
Pharmaceuticals: An Estimation of Consumer and Producer Surplus in the Management of High Blood Lipids and COPD. The
European Journal of Health Economics 15: 439–45. [CrossRef]

Carlsson, Christer. 1979. Linking MP Models in a Systems Framework. IEEE Transactions on Systems, Man, and Cybernetics 9: 840–49.
[CrossRef]

Castillo-Laborde, Carla, and Nicolás Silva-Illanes. 2014. Health Technology Assessment and Its Impact on Pharmaceutical Pricing and
Reimbursement Policies. Revista Médica de Chile 142: 33–38. [CrossRef]

Chalkidou, Kalipso. 2010. The (Possible) Impact of Comparative Effectiveness Research on Pharmaceutical Industry Decision Making.
Clinical Pharmacology & Therapeutics 87: 264–66. [CrossRef]

Chambers, James D., Teja Thorat, Junhee Pyo, Matthew Chenoweth, and Peter J. Neumann. 2014. Despite High Costs, Specialty Drugs
May Offer Value for Money Comparable to That of Traditional Drugs. Health Affairs 33: 1751–60. [CrossRef]

Chang, Ha-Joon, and Antonio Andreoni. 2020. Industrial Policy in the 21st Century. Development and Change 51: 324–51. [CrossRef]
Chen, Liang-Hsuan, and Chia-Chang Hung. 2010. An Integrated Fuzzy Approach for the Selection of Outsourcing Manufacturing

Partners in Pharmaceutical R&D. International Journal of Production Research 48: 7483–506. [CrossRef]
Cherian, Jerin Jose, Manju Rahi, Shubhra Singh, Sanapareddy Eswara Reddy, Yogendra Kumar Gupta, Vishwa Mohan Katoch, Vijay

Kumar, Sakthivel Selvaraj, Payal Das, Raman Raghunathrao Gangakhedkar, and et al. 2021. India’s Road to Independence in
Manufacturing Active Pharmaceutical Ingredients: Focus on Essential Medicines. Economies 9: 71. [CrossRef]

Cogan, Deirdre, Karrar, and Jayasree K. Iyer. 2018. Shortages, Stockouts and Scarcity. Amsterdam: Access to Medicine Foundation.
Cook, Nigel S., Julie Cave, and Anke-Peggy Holtorf. 2019. Patient Preference Studies During Early Drug Development: Aligning

Stakeholders to Ensure Development Plans Meet Patient Needs. Frontiers in Medicine 6: 82. [CrossRef] [PubMed]
Costantino, Ryan C. 2021. The U.S. Medicine Chest: Understanding the U.S. Pharmaceutical Supply Chain and the Role of the

Pharmacist. Journal of the American Pharmacists Association 61: e87–e92. [CrossRef] [PubMed]
Crawford, Keith W., David H. Brown Ripin, Andrew D. Levin, Jennifer R. Campbell, and Charles Flexner. 2012. Participants of

Conference on Antiretroviral Drug Optimization. Optimising the Manufacture, Formulation, and Dose of Antiretroviral Drugs
for More Cost-Efficient Delivery in Resource-Limited Settings: A Consensus Statement. The Lancet Infectious Diseases 12: 550–60.
[CrossRef] [PubMed]

De Pinho Campos, Katia, Cameron D. Norman, and Alejandro R. Jadad. 2011. Product Development Public-Private Partnerships for
Public Health: A Systematic Review Using Qualitative Data. Social Science & Medicine 73: 986–94. [CrossRef]

de Vet, Jan Maarten, Daniel Nigohosyan, Jorge Núñez Ferrer, Ann-Kristin Gross, and Silvia Kuehl. 2021. Michael Flickenschild, Ecorys.
Impacts of the COVID-19 Pandemic on EU Industries. Luxembourg: European Parliament.

http://doi.org/10.1371/journal.pone.0206121
http://www.ncbi.nlm.nih.gov/pubmed/30356251
http://tesi.luiss.it/20802/1/671531_BALESTRA_GIULIA.pdf
http://tesi.luiss.it/20802/1/671531_BALESTRA_GIULIA.pdf
http://doi.org/10.1177/1178632919837629
http://doi.org/10.1007/978-1-4615-1495-4
http://doi.org/10.1006/phrs.1998.0306
http://doi.org/10.1186/s12962-020-00223-x
http://www.ncbi.nlm.nih.gov/pubmed/32908456
https://www2.itif.org/2021-industrial-policy.pdf
http://doi.org/10.1016/j.jvacx.2020.100078
http://www.ncbi.nlm.nih.gov/pubmed/33196036
http://doi.org/10.1016/j.vhri.2018.01.003
http://www.ncbi.nlm.nih.gov/pubmed/29605800
http://doi.org/10.1136/emermed-2017-207396
http://doi.org/10.3389/fphar.2017.00189
http://doi.org/10.1007/s10198-013-0484-1
http://doi.org/10.1109/TSMC.1979.4310135
http://doi.org/10.4067/S0034-98872014001300006
http://doi.org/10.1038/clpt.2009.243
http://doi.org/10.1377/hlthaff.2014.0574
http://doi.org/10.1111/dech.12570
http://doi.org/10.1080/00207540903365308
http://doi.org/10.3390/economies9020071
http://doi.org/10.3389/fmed.2019.00082
http://www.ncbi.nlm.nih.gov/pubmed/31069227
http://doi.org/10.1016/j.japh.2020.07.018
http://www.ncbi.nlm.nih.gov/pubmed/32819877
http://doi.org/10.1016/S1473-3099(12)70134-2
http://www.ncbi.nlm.nih.gov/pubmed/22742638
http://doi.org/10.1016/j.socscimed.2011.06.059


Economies 2023, 11, 25 17 of 21

Dionne, Pierre-Alexandre, Farzad Ali, and Mendel Grobler. 2015. The Impact of Recent Generic Drug Price Policies on Pharmaceutical
Innovation: A Theoretical Rationale and Proposal of a Method Supporting Innovation in Areas of Unmet Medical Need. Journal
of Health Economics and Outcomes Research 3: 13–23. [CrossRef] [PubMed]

Drake, Julia I., Juan Carlos Trujillo de Hart, Clara Monleón, Walter Toro, and Joice Valentim. 2016. Utilization of Multiple-Criteria
Decision Analysis (MCDA) to Support Healthcare Decision-Making FIFARMA. Journal of Market Access & Health Policy 5: 1360545.
[CrossRef]

Duong, Mai H., Rebekah J. Moles, Betty Chaar, and Timothy F. Chen. 2019. Stakeholder Perspectives on the Challenges Surrounding
Management and Supply of Essential Medicines. International Journal of Clinical Pharmacy 41: 1210–19. [CrossRef]

Fairbanks, Marcelo. 2022. Indústria Estuda Caminhos Para Reduzir a Dependência do País na Importação de Insumos. Quimica e
Derivados Magazine 22: 20–22.

Farghaly, Mohamed Naser, Sara Ahmad Mohammad Al Dallal, Ahmad Nader Fasseeh, Nahed AbdulKhaleq Monsef, Eldaw Abdalla
Mohamed Ali Suliman, Mohamed Attia Tahoun, Sherif Abaza, and Zoltán Kaló. 2021. Recommendation for a Pilot MCDA Tool to
Support the Value-Based Purchasing of Generic Medicines in the UAE. Frontiers in Pharmacology 12: 680737. [CrossRef] [PubMed]

Foroutan, Naghmeh, Jean-Eric Tarride, Feng Xie, and Mitchell Levine. 2018. A Methodological Review of National and Transnational
Pharmaceutical Budget Impact Analysis Guidelines for New Drug Submissions. Clinicoeconomics and Outcomes Research 10: 821–54.
[CrossRef] [PubMed]

Forster, Markus. 2014. One Man’s Medicine, Another Man’s Poison: Environmental Pollution from Pharmaceutical Manufacturing in
Andhra Pradesh, Potential Sustainability Measures and the Role of Swedish Actors. Master’s thesis, Linköpings Universitet,
Linköping, Sweden.

Frutos Pérez-Surio, Alberto, Mercedes Gimeno-Gracia, Ma Aránzazu Alcácera López, Ma Asunción Sagredo Samanes, Ma Del Puerto
Pardo Jario, and Ma Del Tránsito Salvador Gómez. 2019. Systematic Review for the Development of a Pharmaceutical and
Medical Products Prioritization Framework. Journal of Pharmaceutical Policy and Practice 12: 21. [CrossRef]

Ganzer, William P., Joan A. Materna, Michael. B. Mitchell, and L. Kevin Wall. 2005. Current Thoughts on Critical Process Parameters
and API Synthesis. Pharmaceutical Technology 29: 46–66.

Garattini, Livio, and Anna Padula. 2018. Pharmaceutical Pricing Conundrum: Time to Get Rid of It? The European Journal of Health
Economics 19: 1035–38. [CrossRef]

Garrison, Louis P., and Adrian Towse. 2019. A Strategy to Support Efficient Development and Use of Innovations in Personalized
Medicine and Precision Medicine. JMCP 25: 1082–87. [CrossRef]

Gonçalves, Elisabete. 2020. Advanced Therapy Medicinal Products: Value Judgement and Ethical Evaluation in Health Technology
Assessment. The European Journal of Health Economics 21: 311–20. [CrossRef]

Gong, Shiwei, Yingxiao Wang, Xiaoyun Pan, Liang Zhang, Rui Huang, Xin Chen, Juanjuan Hu, Yi Xu, and Si Jin. 2016. The Availability
and Affordability of Orphan Drugs for Rare Diseases in China. Orphanet Journal of Rare Diseases 11: 20. [CrossRef]

Guharoy, Roy, and John Noviasky. 2021. Executive Order on Ensuring Essential Medicines-All Bark, No Bite? Mayo Clinic Proceedings
96: 1714–17. [CrossRef]

Hafner, Tamara, Helena Walkowiak, David Lee, and Francis Aboagye-Nyame. 2017. Defining Pharmaceutical Systems Strengthening:
Concepts to Enable Measurement. Health Policy Planning 32: 572–84. [CrossRef]

Hasan, Md Mahmudul, Khin Lwin, Maryam Imam, Antesar Shabut, Luiz Fernando Bittencourt Bittencourt, and Mohammad Sorowar
Hossain. 2019. Dynamic Multi-Objective Optimisation Using Deep Reinforcement Learning: Benchmark, Algorithm and an
Application to Identify Vulnerable Zones Based on Water Quality. Engineering Applications of Artificial Intelligence 86: 107–35.
[CrossRef]

Hilbert, Christophe, and Constantin Blome. 2015. How to Combine Global and Local Sourcing in the Pharmaceutical Sector? Patterns
of an Industry. Louvain School of Management, Université catholique de Louvain, Prom, Blome, Constantin. Available online:
http://hdl.handle.net/2078.1/thesis:2861 (accessed on 23 October 2021).

Hoos, Anton, James Anderson, Marc Boutin, Lode Dewulf, Jan Geissler, Graeme Johnston, Angelika Joos, Marilyn Metcalf, Jeanne
Regnante, Ifeanyi Sargeant, and et al. 2015. Partnering With Patients in the Development and Lifecycle of Medicines: A Call for
Action. Therapeutic Innovation & Regulatory Science 49: 929–39. [CrossRef]

Hughes, David. 2012. The Politics of Access to Expensive Drugs: INESSS and the Innovative Pharmaceutical Industry. Healthcare Policy
7: 35–40. [CrossRef]

Hupcey, Maggie A. Z., and Sean Ekins. 2007. Improving the Drug Selection and Development Process for Combination Devices. Drug
Discovery Today 12: 844–52. [CrossRef]

IQVIA. 2022. The Global Use of Medicines 2022: Outlook to 2026. Available online: https://www.iqvia.com/insights/the-iqvia-
institute/reports/the-global-use-of-medicines-2022 (accessed on 23 December 2022).

Islei, Gerd, Geoff Lockett, Barry Cox, and Mike Stratford. 1991. A Decision Support System Using Judgmental Modeling: A Case of R
Amp;D in the Pharmaceutical Industry. IEEE Transactions on Engineering Management 38: 202–9. [CrossRef]

Jackson, Brian A., and Kay Sullivan Faith. 2013. The Challenge of Measuring Emergency Preparedness: Integrating Component Metrics
to Build System-Level Measures for Strategic National Stockpile Operations. Disaster Medicine and Public Health Preparedness 7:
96–104. [CrossRef]

http://doi.org/10.36469/9838
http://www.ncbi.nlm.nih.gov/pubmed/34430665
http://doi.org/10.1080/20016689.2017.1360545
http://doi.org/10.1007/s11096-019-00889-1
http://doi.org/10.3389/fphar.2021.680737
http://www.ncbi.nlm.nih.gov/pubmed/34168564
http://doi.org/10.2147/CEOR.S178825
http://www.ncbi.nlm.nih.gov/pubmed/30538513
http://doi.org/10.1186/s40545-019-0181-2
http://doi.org/10.1007/s10198-018-0995-x
http://doi.org/10.18553/jmcp.2019.25.10.1082
http://doi.org/10.1007/s10198-019-01147-x
http://doi.org/10.1186/s13023-016-0392-4
http://doi.org/10.1016/j.mayocp.2020.12.028
http://doi.org/10.1093/heapol/czw153
http://doi.org/10.1016/j.engappai.2019.08.014
http://hdl.handle.net/2078.1/thesis:2861
http://doi.org/10.1177/2168479015580384
http://doi.org/10.12927/hcpol.2013.22884
http://doi.org/10.1016/j.drudis.2007.07.020
https://www.iqvia.com/insights/the-iqvia-institute/reports/the-global-use-of-medicines-2022
https://www.iqvia.com/insights/the-iqvia-institute/reports/the-global-use-of-medicines-2022
http://doi.org/10.1109/17.83753
http://doi.org/10.1017/dmp.2013.14


Economies 2023, 11, 25 18 of 21

Jakab, Ivett, Bertalan Németh, Baher Elezbawy, Melis Almula Karadayı, Hakan Tozan, Sabahattin Aydın, Jie Shen, and Zoltán Kaló. 2020.
Potential Criteria for Frameworks to Support the Evaluation of Innovative Medicines in Upper Middle-Income Countries—A
Systematic Literature Review on Value Frameworks and Multi-Criteria Decision Analyses. Frontiers in Pharmacology 11: 1203.
[CrossRef] [PubMed]

Jayasundara, Kavisha, Aidan Hollis, Murray Krahn, Muhammad Mamdani, Jeffrey S. Hoch, and Paul Grootendorst. 2019. Estimating
the Clinical Cost of Drug Development for Orphan versus Non-Orphan Drugs. Orphanet Journal of Rare Diseases 14: 12. [CrossRef]

Jönsson, Beng. 2004. Changing Health Environment: The Challenge to Demonstrate Cost-Effectiveness of New Compounds.
Pharmacoeconomic 22: 5–10. [CrossRef]

Justo, Nahila, Manuel A. Espinoza, Barbara Ratto, Martha Nicholson, Diego Rosselli, Olga Ovcinnikova, Sebastián García Martí,
Marcos B. Ferraz, Martín Langsam, and Michael F. Drummond. 2019. Real-World Evidence in Healthcare Decision Making:
Global Trends and Case Studies from Latin America. Value in Health 22: 739–49. [CrossRef] [PubMed]

Kameda, Koichi. 2014. Needs-Driven versus Market-Driven Pharmaceutical Innovation: The Consortium for the Development of a
New Medicine against Malaria in Brazil. Developing World Bioethics 14: 101–8. [CrossRef]

Kar, Supratik, Kunal Roy, and Jerzy Leszczynski. 2018. Impact of Pharmaceuticals on the Environment: Risk Assessment Using QSAR
Modeling Approach. In Computational Toxicology. Edited by O. Nicolotti. New York: Springer, vol. 1800, pp. 395–443. [CrossRef]

Keeney, Ralph L. 1992. Value-Focused Thinking: A Path to Creative Decisionmaking. Cambridge: Harvard Univ.
Keyhani, Salomeh, Marie Diener-West, and Neil Powe. 2005. Do Drug Prices Reflect Development Time and Government Investment?

Medical Care 43: 753–62. [CrossRef] [PubMed]
Kramer, Sofieke, Nina Van Goethem, Daniel Thomas, Els Duysburgh, Toon Braeye, and Sophie Quoilin. 2021. Prioritisation for Future

Surveillance, Prevention and Control of 98 Communicable Diseases in Belgium: A 2018 Multi-Criteria Decision Analysis Study.
BMC Public Health 21: 192. [CrossRef]

Kreiner, Anna. 1995. The Ethics of the Pharmaceutical Industry and the Need for a Dual Market System. Journal of Medical Humanities
16: 55–68. [CrossRef]

Lee Mendoza, R. 2019. Incentives and Disincentives to Drug Innovation: Evidence from Recent Literature. Journal of Medical Economics
22: 713–21. [CrossRef] [PubMed]

Leong, James, Neil McAuslane, Stuart Walker, and Sam Salek. 2013. Is There a Need for a Universal Benefit–Risk Assessment
Framework for Medicines? Regulatory and Industry Perspectives. Pharmacoepidemiology and Drug Safety 22: 1004–12. [CrossRef]
[PubMed]

Levac, Danielle, Heather Colquhoun, and Kelly K. O’Brien. 2010. Scoping Studies: Advancing the Methodology. Implementation Science
5: 69. [CrossRef]

Li, Yan, Luyan Zhang, Jie Ding, and Xianshu Liu. 2020. Prioritization of Pharmaceuticals in Water Environment in China Based on
Environmental Criteria and Risk Analysis of Top-Priority Pharmaceuticals. Journal of Environmental Management 253: 109732.
[CrossRef]

López-Cuadrado, José Luis, Israel González-Carrasco, Jesús Leonardo López-Hernández, Paloma Martínez-Fernández, and José Luis
Martínez-Fernández. 2020. Automatic Learning Framework for Pharmaceutical Record Matching. IEEE Access 8: 171754–70.
[CrossRef]

Lugovoi, Ivan, Dimitrios A. Andritsos, and Claire Senot. 2021. Manufacturing Process Innovation in the Pharmaceutical Industry.
Manufacturing & Service Operations Management 24: 1760–78. [CrossRef]

Mahajan, Varun, D. K. Nauriyal, and S. P. Singh. 2020. Domestic Market Competitiveness of Indian Drug and Pharmaceutical Industry.
Review of Managerial Science 14: 519–59. [CrossRef]

Malone, Daniel C., Sean D. Sullivan, David L. Veenstra, Edward Armstrong, and Amy J. Grizzle. 2001. Determining Unit Cost Values
for Health Care Resources in Pharmacoeconomic Studies. Formulary 36: 294–94.

Messori, Andrea. 2016a. Application of the Price–Volume Approach in Cases of Innovative Drugs Where Value-Based Pricing Is
Inadequate: Description of Real Experiences in Italy. Clinical Drug Investigation 36: 599–603. [CrossRef]

Messori, Andrea. 2016b. Orphan Drug Pricing: An Original Exponential Model Relating Price to the Number of Patients. Scientia
Pharmaceutica 84: 618–24. [CrossRef] [PubMed]

Milind, Abhishek, and Prasad Sriram. 2020. A Model to Assess Supply Risk of Antibiotics in Swedish Context. Master’s thesis, Uppsala
Universitet, Uppsala, Sweden.

Mitchell, Paul Mark. 2021. The Cost-Effectiveness of What in Health and Care? In Defining the Value of Medical Interventions: Normative
and Empirical Challenges. Edited by J. Schildmann, C. Buch and J. Zerth. Wellcome Trust–Funded Monographs and Book Chapters.
Stuttgart: Kohlhammer Verlag.

Moktadir, Md. Abdul, Syed Mithun Ali, Sachin Kumar Mangla, Tasnim Ahmed Sharmy, Sunil Luthra, Nishikant Mishra, and Jose
Arturo Garza-Reyes. 2018. Decision Modeling of Risks in Pharmaceutical Supply Chains. IMDS 118: 1388–412. [CrossRef]

Moosivand, Asiye, Maryam Rangchian, Leila Zarei, Farzad Peiravian, Gholamhossein Mehralian, and Hesameddin Sharifnia. 2021.
An Application of Multi-Criteria Decision-Making Approach to Sustainable Drug Shortages Management: Evidence from a
Developing Country. Journal of Pharmaceutical Health Care and Sciences 7: 14. [CrossRef]

Moreno, Santiago G., and David Epstein. 2019. The Price of Innovation—The Role of Drug Pricing in Financing Pharmaceutical
Innovation. A Conceptual Framework. Journal of Market Access & Health Policy 7: 1583536. [CrossRef]

http://doi.org/10.3389/fphar.2020.01203
http://www.ncbi.nlm.nih.gov/pubmed/32922287
http://doi.org/10.1186/s13023-018-0990-4
http://doi.org/10.2165/00019053-200422004-00003
http://doi.org/10.1016/j.jval.2019.01.014
http://www.ncbi.nlm.nih.gov/pubmed/31198192
http://doi.org/10.1111/dewb.12056
http://doi.org/10.1007/978-1-4939-7899-1_19
http://doi.org/10.1097/01.mlr.0000170401.17243.53
http://www.ncbi.nlm.nih.gov/pubmed/16034288
http://doi.org/10.1186/s12889-020-09566-9
http://doi.org/10.1007/BF02276820
http://doi.org/10.1080/13696998.2019.1613240
http://www.ncbi.nlm.nih.gov/pubmed/31038374
http://doi.org/10.1002/pds.3464
http://www.ncbi.nlm.nih.gov/pubmed/23740622
http://doi.org/10.1186/1748-5908-5-69
http://doi.org/10.1016/j.jenvman.2019.109732
http://doi.org/10.1109/ACCESS.2020.3024558
http://doi.org/10.1287/msom.2021.1035
http://doi.org/10.1007/s11846-018-0299-7
http://doi.org/10.1007/s40261-016-0408-9
http://doi.org/10.3390/scipharm84040618
http://www.ncbi.nlm.nih.gov/pubmed/28656940
http://doi.org/10.1108/IMDS-10-2017-0465
http://doi.org/10.1186/s40780-021-00200-3
http://doi.org/10.1080/20016689.2019.1583536


Economies 2023, 11, 25 19 of 21

Németh, Bertalan, Anett Molnár, Sándor Bozóki, Kalman Wijaya, András Inotai, Jonathan D. Campbell, and Zoltán Kaló. 2019.
Comparison of Weighting Methods Used in Multicriteria Decision Analysis Frameworks in Healthcare with Focus on Low- and
Middle-Income Countries. Journal of Comparative Effectiveness Research 8: 195–204. [CrossRef]

Nicod, Elena. 2017. Why Do Health Technology Assessment Coverage Recommendations for the Same Drugs Differ across Settings?
Applying a Mixed Methods Framework to Systematically Compare Orphan Drug Decisions in Four European Countries. The
European Journal of Health Economics 18: 715–30. [CrossRef]

Nyakatawa, Gerald T. 2015. A Survey of Anaesthetic Drug Availability: Impact on Practice of Anaesthesia and Patient Care in Harare.
Master’s thesis, University of Zimbabwe, Harare, Zimbabwe.

Ogorodova, Lyudmila M., Zakhar M. Golant, Igor N. Tarasov, Igor A. Narkevich, Aleksandr A. Lin, and Nadezhda S. Kartashova. 2016.
Model Breakthrough Technologies as a Tool to Support Import Substitution in the Pharmaceutical Industry. International Review of
Management and Marketing 6: 59–66.

Ougier, Eva, Catherine Ganzleben, Pierre Lecoq, Jos Bessems, Madlen David, Greet Schoeters, Rosa Lange, Matthieu Meslin, Maria
Uhl, Marike Kolossa-Gehring, and et al. 2021. Chemical Prioritisation Strategy in the European Human Biomonitoring Initiative
(HBM4EU)—Development and Results. International Journal of Hygiene and Environmental Health 236: 113778. [CrossRef]

Pace, Jessica, Sallie-Anne Pearson, and Wendy Lipworth. 2015. Improving the Legitimacy of Medicines Funding Decisions: A Critical
Literature Review. Therapeutic Innovation & Regulatory Science 49: 364–68. [CrossRef]

Page, Matthew J., Joanne E. McKenzie, Patrick M. Bossuyt, Isabelle Boutron, Tammy C. Hoffmann, Cynthia D. Mulrow, Larissa
Shamseer, Jennifer M. Tetzlaff, Elie A. Akl, Sue E. Brennan, and et al. 2021. The PRISMA 2020 statement: An updated guideline
for reporting systematic reviews. Systematic Reviews 10: 89. [CrossRef] [PubMed]

Pålsson, Ann-Christin, Elin Belleza, Sven-Olof Ryding, Linda Örtlund, and Emelie Westberg. 2019. Environmental Assessment Model for
Pharmaceutical Products—Environmental Risks Related to Active Pharmaceutical Ingredients (API) and Carbon Footprint in a Life Cycle
Perspective. Stockholm: IVL Svenska Miljöinstitutet.

Panzitta, Michele, Giorgio Bruno, Stefano Giovagnoli, Francesca R. Mendicino, and Maurizio Ricci. 2015. Drug Delivery System
Innovation and Health Technology Assessment: Upgrading from Clinical to Technological Assessment. International Journal of
Pharmaceutics 495: 1005–18. [CrossRef] [PubMed]

Panzitta, Michele, Mauro Ponti, Giorgio Bruno, Giancarlo Cois, Alessandro D’Arpino, Paola Minghetti, Francesca Romana Mendicino,
Luana Perioli, and Maurizio Ricci. 2017. The Strategic Relevance of Manufacturing Technology: An Overall Quality Concept to
Promote Innovation Preventing Drug Shortage. International Journal of Pharmaceutics 516: 144–57. [CrossRef] [PubMed]

Pauwels, Kim, Isabelle Huys, Minne Casteels, and Steven Simoens. 2016. Industry Perspectives on Market Access of Innovative Drugs:
The Relevance for Oncology Drugs. Frontiers in Pharmacology 7: 144. [CrossRef]

Plotkin, Stanley, James M. Robinson, Gerard Cunningham, Robyn Iqbal, and Shannon Larsen. 2017. The Complexity and Cost of
Vaccine Manufacturing—An Overview. Vaccine 35: 4064–71. [CrossRef]

Rahaman, Masudur. 2021. Deconstructing Free Trade: An Analysis of the Implications of the Disruption on Global Medical Supply
Chains during the COVID-19 Crisis. Master’s thesis, Malmö University, Malmö, Sweden.

Reidenberg, Marcus. M. 2007. World Health Organization Program for the Selection and Use of Essential Medicines. Clinical
Pharmacology & Therapeutics 81: 603–6. [CrossRef]

Renteria Gamiz, Ana. 2019. Expanding the Knowledge of Environmental Sustainability in the Biopharmaceutical Industry: From Manufacturing
Technologies to Supply Chain. Geneva: University of Geneva. [CrossRef]

Rizzardo, Shirin, Nick Bansback, Nick Dragojlovic, Conor Douglas, Kathy H. Li, Craig Mitton, Carlo Marra, Litsa Blanis, and Larry D.
Lynd. 2019. Evaluating Canadians’ Values for Drug Coverage Decision Making. Value in Health 22: 362–69. [CrossRef]

Robinson, James C., and Scott Howell. 2014. Specialty Pharmaceuticals: Policy Initiatives to Improve Assessment, Pricing, Prescription,
and Use. Health Affairs 33: 1745–50. [CrossRef]

Ronco, Virginia, Myriam Dilecce, Elena Lanati, Pier Luigi Canonico, and Claudio Jommi. 2021. Price and Reimbursement of Advanced
Therapeutic Medicinal Products in Europe: Are Assessment and Appraisal Diverging from Expert Recommendations? Journal of
Pharmaceutical Policy and Practice 14: 30. [CrossRef] [PubMed]

Saaty, Thomas L. 2008. Decision Making with the Analytic Hierarchy Process. IJSSCI 1: 83. [CrossRef]
Sarasati, Brigitta Adinda, and M. Dachyar. 2021. Green Supplier Selection Using Fuzzy Approach of AHP and VIKOR—A Case

Study in an Indonesian Pharmaceutical Company. Paper presented at the 11th Annual International Conference on Industrial
Engineering and Operations Management, IEOM 2021, Singapore, March 7–11.

Segawa, Akiko, Satoshi Yoshikawa, Takayuki Toyama, Hayao Nakanishi, Emi Kikuchi-Uehara, Masahiko Hirao, and Hirokazu
Sugiyama. 2016. Method for Reducing Environmental, Health, and Safety Risks in Active Pharmaceutical Ingredient Manufactur-
ing Based on Multiobjective Evaluation. Process Safety and Environmental Protection 104: 304–13. [CrossRef]

Sekhri, Neelam. 2006. Forecasting for Global Health: New Money, New Products and New Markets; Center for Global Development.
Available online: https://www.cgdev.org/sites/default/files/archive/doc/ghprn/Forecasting_Background.pdf (accessed on
23 October 2021).

Shelanski, Howard A., and Peter G. Klein. 1995. Empirical Research in Transaction Cost Economics: A Review and Assessment. Journal
of Law, Economics, & Organization 11: 335–61.

http://doi.org/10.2217/cer-2018-0102
http://doi.org/10.1007/s10198-016-0823-0
http://doi.org/10.1016/j.ijheh.2021.113778
http://doi.org/10.1177/2168479015579519
http://doi.org/10.1186/s13643-021-01626-4
http://www.ncbi.nlm.nih.gov/pubmed/33781348
http://doi.org/10.1016/j.ijpharm.2015.09.026
http://www.ncbi.nlm.nih.gov/pubmed/26399633
http://doi.org/10.1016/j.ijpharm.2016.11.018
http://www.ncbi.nlm.nih.gov/pubmed/27838294
http://doi.org/10.3389/fphar.2016.00144
http://doi.org/10.1016/j.vaccine.2017.06.003
http://doi.org/10.1038/sj.clpt.6100106
http://doi.org/10.13097/archive-ouverte/unige:123699
http://doi.org/10.1016/j.jval.2018.08.008
http://doi.org/10.1377/hlthaff.2014.0498
http://doi.org/10.1186/s40545-021-00311-0
http://www.ncbi.nlm.nih.gov/pubmed/33741076
http://doi.org/10.1504/IJSSCI.2008.017590
http://doi.org/10.1016/j.psep.2016.09.005
https://www.cgdev.org/sites/default/files/archive/doc/ghprn/Forecasting_Background.pdf


Economies 2023, 11, 25 20 of 21

Shukar, Sundus, Fatima Zahoor, Khezar Hayat, Amna Saeed, Ali Hassan Gillani, Sumaira Omer, Shuchen Hu, Zaheer-Ud-Din Babar,
Yu Fang, and Caijun Yang. 2021. Drug Shortage: Causes, Impact, and Mitigation Strategies. Frontiers in Pharmacology 12: 693426.
[CrossRef]

Simoens, Steven. 2010. How to Assess the Value of Medicines? Frontiers in Pharmacology 1: 115. [CrossRef] [PubMed]
Sorenson, Corinna, Gabriela Lavezzari, Gregory Daniel, Randy Burkholder, Marc Boutin, Edmund Pezalla, Gillian Sanders, and Mark

McClellan. 2017. Advancing Value Assessment in the United States: A Multistakeholder Perspective. Value in Health 20: 299–307.
[CrossRef]

Suwanthawornkul, Thanthima, Naiyana Praditsitthikorn, Wantanee Kulpeng, Manuel Alexander Haasis, Anna Melissa Guerrero, and
Yot Teerawattananon. 2018. Incorporating Economies of Scale in the Cost Estimation in Economic Evaluation of PCV and HPV
Vaccination Programmes in the Philippines: A Game Changer? Cost Effectiveness and Resource Allocation 16: 7. [CrossRef]

Tang, Christopher S. 2006. Robust Strategies for Mitigating Supply Chain Disruptions. International Journal of Logistics Research and
Applications 9: 33–45. [CrossRef]

Ten Ham, Renske M. T., Julianne C. Nievaart, Jarno Hoekman, Rachel S. Cooper, Geert W. J. Frederix, Hubert G. M. Leufkens, Olaf H.
Klungel, Hans Ovelgönne, Marcel H. N. Hoefnagel, Marc L. Turner, and et al. 2021. Estimation of Manufacturing Development
Costs of Cell-Based Therapies: A Feasibility Study. Cytotherapy 23: 730–39. [CrossRef]

The White House. 2021. Building Resilient Supply Chains, Revitalizing American Manufacturing, and Fostering Broad-Based
Growth. Available online: https://www.whitehouse.gov/wp-content/uploads/2021/06/100-day-supply-chain-review-report.
pdf (accessed on 10 April 2022).

Thokala, Praveen, Nancy Devlin, Kevin Marsh, Rob Baltussen, Meindert Boysen, Zoltan Kalo, Thomas Longrenn, Filip Mussen, Stuart
Peacock, John Watkins, and et al. 2016. Multiple Criteria Decision Analysis for Health Care Decision Making—An Introduction:
Report 1 of the ISPOR MCDA Emerging Good Practices Task Force. Value in Health 19: 1–13. [CrossRef]

Tucker, Emily L., Yizhou Cao, Erin R. Fox, and Burgunda V. Sweet. 2020. The Drug Shortage Era: A Scoping Review of the Literature
2001–19. Clinical Pharmacology & Therapeutics 108: 1150–55. [CrossRef]

US Food and Drug Administration (FDA) Shortages Webpage. n.d. Available online: https://www.accessdata.fda.gov/scripts/
drugshortages/default.cfm (accessed on 21 December 2022).

Vennemann, Matthias, Vincent Ruland, Jan-Philip Kruse, Christine Harloff, Hubert Trübel, and Heike Gielen-Haertwig. 2019. Future
Unmet Medical Need as a Guiding Principle for Pharmaceutical R&D. Drug Discovery Today 24: 1924–29. [CrossRef]

Ventola, C. Lee. 2011. The Drug Shortage Crisis in the United States. Pharmacy and Therapeutics 36: 740–57. [PubMed]
Verghese, Naina R., Jon Barrenetxea, Yukti Bhargava, Sagun Agrawal, and Eric Andrew Finkelstein. 2019. Government Pharmaceutical

Pricing Strategies in the Asia-Pacific Region: An Overview. Journal of Market Access & Health Policy 7: 1601060. [CrossRef]
Vernon, Jonh E., and W. Keener Hughen. 2006. A Primer on Dynamic Optimization and Optimal Control in Pharmacoeconomics. Value

in Health 9: 106–13. [CrossRef]
Vieira, Fabiola Sulpino. 2020. Health Financing in Brazil and the Goals of the 2030 Agenda: High Risk of Failure. Revista de Saude

Publica 54: 127. [CrossRef] [PubMed]
Vogler, Sabine, Valérie Paris, Alessandra Ferrario, Veronika J. Wirtz, Kees de Joncheere, Peter Schneider, Hanne Bak Pedersen, Guillaume

Dedet, and Zaheer-Ud-Din Babar. 2017. How Can Pricing and Reimbursement Policies Improve Affordable Access to Medicines?
Lessons Learned from European Countries. Applied Health Economics and Health Policy 15: 307–21. [CrossRef] [PubMed]

Vogler, Sabine, Valérie Paris, and Dimitra Panteli. 2018. Ensuring Access to Medicines: How to Redesign Pricing, Reimbursement and
Procurement? Edited by E. Richardson, W. Palm and E. Mossialos. European Observatory Policy Briefs. Copenhagen: European
Observatory on Health Systems and Policies.

Vreman, Rick A., Inkatuuli Heikkinen, Ad Schuurman, Claudine Sapede, Jordi Llinares Garcia, Niklas Hedberg, Dimitrios Athanasiou,
Jens Grueger, Hubert G. M. Leufkens, and Wim G. Goettsch. 2019. Unmet Medical Need: An Introduction to Definitions and
Stakeholder Perceptions. Value in Health 22: 1275–82. [CrossRef]

Whittemore, Robin, Ariana Chao, Myoungock Jang, Karl E. Minges, and Chorong Park. 2014. Methods for Knowledge Synthesis: An
Overview. Heart & Lung 43: 453–61. [CrossRef]

Williamson, Oliver E. 1981. The Modern Corporation: Origins, Evolution, Attributes. Journal of Economic Literature 19: 1537–68.
Xu, Zhitao, Adel Elomri, Laoucine Kerbache, and Abdelfatteh El Omri. 2020. Impacts of COVID-19 on Global Supply Chains: Facts

and Perspectives. IEEE Engineering Management Review 48: 153–66. [CrossRef]
Young, Andrea, Devidas Menon, Jackie Street, Walla Al-Hertani, and Tania Stafinski. 2017. Exploring Patient and Family Involvement

in the Lifecycle of an Orphan Drug: A Scoping Review. Orphanet Journal of Rare Diseases 12: 188. [CrossRef]
Zarei, Leila, Najmeh Moradi, Farzad Peiravian, and Gholamhosein Mehralia. 2020. An Application of Analytic Network Process Model

in Supporting Decision Making to Address Pharmaceutical Shortage. BMC Health Services Research 20: 626. [CrossRef] [PubMed]
Zelei, Tamás, Nicholas D. Mendola, Baher Elezbawy, Bertalan Németh, and Jonathan D. Campbell. 2021. Criteria and Scoring Functions

Used in Multi-Criteria Decision Analysis and Value Frameworks for the Assessment of Rare Disease Therapies: A Systematic
Literature Review. PharmacoEconomics Open 5: 605–12. [CrossRef] [PubMed]

Zenodo. n.d. Zenodo. Available online: https://zenodo.org/ (accessed on 12 September 2022).

http://doi.org/10.3389/fphar.2021.693426
http://doi.org/10.3389/fphar.2010.00115
http://www.ncbi.nlm.nih.gov/pubmed/21607066
http://doi.org/10.1016/j.jval.2016.11.030
http://doi.org/10.1186/s12962-018-0087-x
http://doi.org/10.1080/13675560500405584
http://doi.org/10.1016/j.jcyt.2020.12.014
https://www.whitehouse.gov/wp-content/uploads/2021/06/100-day-supply-chain-review-report.pdf
https://www.whitehouse.gov/wp-content/uploads/2021/06/100-day-supply-chain-review-report.pdf
http://doi.org/10.1016/j.jval.2015.12.003
http://doi.org/10.1002/cpt.1934
https://www.accessdata.fda.gov/scripts/drugshortages/default.cfm
https://www.accessdata.fda.gov/scripts/drugshortages/default.cfm
http://doi.org/10.1016/j.drudis.2019.06.004
http://www.ncbi.nlm.nih.gov/pubmed/22346307
http://doi.org/10.1080/20016689.2019.1601060
http://doi.org/10.1111/j.1524-4733.2006.00088.x
http://doi.org/10.11606/s1518-8787.2020054002414
http://www.ncbi.nlm.nih.gov/pubmed/33331523
http://doi.org/10.1007/s40258-016-0300-z
http://www.ncbi.nlm.nih.gov/pubmed/28063134
http://doi.org/10.1016/j.jval.2019.07.007
http://doi.org/10.1016/j.hrtlng.2014.05.014
http://doi.org/10.1109/EMR.2020.3018420
http://doi.org/10.1186/s13023-017-0738-6
http://doi.org/10.1186/s12913-020-05477-y
http://www.ncbi.nlm.nih.gov/pubmed/32641045
http://doi.org/10.1007/s41669-021-00271-w
http://www.ncbi.nlm.nih.gov/pubmed/34003484
https://zenodo.org/


Economies 2023, 11, 25 21 of 21

Zhu, Guiyang, Mabel C. Chou, and Christina W. Tsai. 2020. Lessons Learned from the COVID-19 Pandemic Exposing the Shortcomings
of Current Supply Chain Operations: A Long-Term Prescriptive Offering. Sustainability 12: 5858. [CrossRef]

Zotero. n.d. Zotero. Available online: https://www.zotero.org/ (accessed on 12 September 2022).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.3390/su12145858
https://www.zotero.org/

	Introduction 
	Characterization, Relevance, and Complexity of the PSC 
	Recent Disruptions in the PSC and Actions to Mitigate Them 
	The Option of PSC Partial Nationalization 
	A Framework to Support a National Strategy for the Selection of Products to Be Nationalized 

	Methodology 
	Scoping Review 
	Identifying the Research Question 
	Search Strategy 
	Selection Criteria 
	Study Selection 
	Charting, Extracting, and Tabulating the Data 
	Data Extraction and Synthesis 

	Results 
	Analysis and Data Synthesis 
	What Are the Current Methods Employed in the Scientific Reference Literature for Analyzing and Deciding on the Local Manufacture of a Product (From Any Sector)? 
	What Are the Criteria of the Methods Used by Industry and Institutions (Health, Pharmaceuticals, Drugs, or Inputs Areas) for Selecting Pharmaceuticals and APIs for Local Manufacturing? 
	What Criteria Are Used by Public Health Pharmaceutical Sector Managers to Incorporate a Product into the Health System? 
	What Are the Methods That Use Data Analysis Tools for Questions 1 to 3? 


	Discussion 
	Policy Implications 
	Future Recommendations 
	Limitations 

	Conclusions 
	References

