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Abstract

The aim of this research is to evaluate the impact of the pharmaceutical pricing
regulationinthe EU inrelationto drugs access, affordability and  availability . It aligns
with the call of the Council of the European Union (2016) and corresponds also to the call
regarding the need for use of dynamic simulation methods for the analysis of healthcare

system interventions (Roberts 2015). The methodological approach of my research is

related to application  of a hybrid qualitative and quantitative system dynamics and

agent -based simulation modelling . This approach is employed for the evaluation of the
External Reference Pricing (ERP) regulation effect on equitable access, availability, and
affordability of d rugs on the cardiovascular pharmaceutical market in EU. The research is
nested in a rich theoretical paradigm, capable of supporting the hybrid simulation

modelling approach . This paradigm integrat es the Resource -dependence Theory and
Resource -based Theory , Behavioural Decision Theory , and Anticipatory Systems Theory .

It fills practical , methodological and theoretical gaps in relation to the research topic.

My PhD 6 snain contribution is connected to both methodological and practical aspects of
developing a novel problem structuring method , Resource Agent Maps (RAM), and using
that method for qualitative analysis and as a conceptual validation and hybridization
procedure for designing a hybrid simulation evaluation of the ERP regulation effects. The

ERP analysis demonstrates that applying a RAM approach can enable a comprehensive

evaluation (taking account of both reso urce -feedback and agent -based perspectives) of
the ERP effect on drug equitable access, affordability and availability. In addition, the

analysis extends previous research on the ERP, helping to overcome previous limitations

(Toumi et al., 2014, Vogler et al. 2015).

Main insights  from the ERP regulation evaluation are that the ERP alone has no effect on
drug access delay (access criterion) . On the contrary, it provides an attractive route for
propagation of the highest price at the first country of launch to other referencing
countries. Other factors like mandatory official price discounts can have effects on delays

in local markets, which could interfere with the ERP tool set of rules . Also, ERP alone has
no price decrease (affordability criterion ) effect for on patent drugs or any drug in a
monopolistic market . Price decrease is an effect mainly from local price competition

intensity, which  the ERP regulation transfers to other reference basket countries ,
depending on reference price calculation formula and reference country basket
composition . ERP can have effect on drug market exits (availability criterion ) for off
patent innovative and generic medicines, depending on pharmaceutical firm s @ricing
strategies and on the indirect  effect s of price competition, local prescribing regulation and

parallel trade
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Chapter 1 PhD Project Motivation, Research Question
and Context

1.1 Motivation for the research

The External Reference Pricing (ERP) practice is spread among almost all

Europea n countries. Figure 1.1.1 and Figure 1.1.2 show how much this pricing

policy is prevalent across Europe (Vogler, 2019 ; Kanavos etal.,, 2010 ; Remusat
etal., 2015).

Figure 1.1.1 Prevalence of the ERP regulation in European countries (blue colour)
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Figure 1.1.2 ERP regul ation 6reference basketsd (ERP d
among different EU states)

ERP is a pan European practice which is applied by national authorities to benchmark a

medi cine price among a group or a dibuopdare Udonof a di f f e
member markets. It appear s to be controversial in relation to its effect on medicine

access, affordability and availability (Vogler et al. 2016; Vogler et al. 2014; Vogler &

Paterson 2017; Rémuzat et al. 2015; Wouters 2013; Council of th e European Union

2016) and containing important challenges like price calculation formula, reference

countries choice variation, and confidential (not transparent) pricing. (Schneider 2017) .

The global systemic complexity of ERP and the limited evaluation of its effect on the

pharmaceutical systems (Toumi et al. 2014; Thivolet 2014) make it a choice for a fruitful

exploration by hybrid modelling and simulation approach, relevant to the call of Roberts

that oé6dynamic simulations i n elbe dIRtotbeadarse 2dd)come of

In relation to the ERP regulation challenges an EU initiative was set up called EURIPID,
following the  European Commission Grant "Statistical data for medicinal product pricing"
under the call HP  -PJ 2014 (No. 664317). The grant was aw arded to a consortium of five
institutions from Austria, Czech Republic (2), Hungary and Sweden, which form the

EURIPID Collaboration.  The overall objective of the grant was to develop a guidance
document on a "coordinated approach of national authorities regarding the use of
external reference pricing to avoid/mitigate negative impact for patient access to

medi cinesd (Schneider and Habl, 2017)
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This initiative brought together different stakeholders including Medicines of Europe (MfE)
and EFPIA (the European Federation of the Pharmaceutical Innovation Association) ,

which argued that ERP could lead to contradictory outcomes due to hindering prod  uct
availability, affordability and access to market. In March 2017 and March 2018, a best
practice report by the EURIPID (Schneider and Habl, 2017) and guidance document

report on ERP (Hable 2018), were issued after a number of working group meetings

star ting in 2015 and 2016, 2017 and 2018 between the EURIPID consortium and the EU
pharmaceutical associations. Among the main challenges of the ERP regulation explained
further in the next chapter, a key question appeared to be the lack of sufficient analyses

and evidence related to the comprehensive evaluation of the ERP regulation effect on

equitable access, affordability, and availability of medicines in practice.

1.2 Aim of the research

The aim of this PhD research is to apply multimethodological approach in modelling and

simulation for the evaluation of the External Reference Pricing (ERP) in EU.

My intentionto  explore the ERP regulation effects came out from the EURIPID key

challenges and the Council of the EU conclus ions. It is related to designing an interactive
modelling and simulation learning environment for policy evaluation by applying a

multimethodology (Mingers 2001; Howick & Ackermann 2011; Marshall, Burgos -Liz, et al.
2015; Balaban et al 2015; Balaban et al. 2014; Djanatliev & German 2016) approach
integrating system dynamics (SD) and agent based (AB) qualitative and quantitative

modelling and simulation in one framework.

Ideally a hybrid SD/AB modelling and simulation approach for evaluation of the ERP

effe cts on the pharmaceutical market system, would be capable for revealing market

dynamics and hidden dialectical interrelations, which are coming out of resources and
agents complex adaptive behaviour. It can help the exploration of ERP what -if scenarios
and their effect on agent competitive behaviour, limited resource utilization, supply and

demand dynamics and market imperfections.
The aim of my PhD research will be to fill a threefold gap related to:

o Practical aspect: Application of hybrid modelling and s imulation to pharmaceutical
pricing policy and regulation for evaluating ERP policy and regulation effect on the
pharmaceutical market (Schneider 2017; Hable 2018; Council of the European
Union 2016)
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0 Theoretical aspect: Borrowing and developing theory to support the SD/AB
integration (Ackermann et al. 2014)

o0 Methodological aspect: Developing a procedure for integrating qualitative and
guantitative SD and AB modelling and simulation (Howick et al. 2008; Ackermann

et al. 2014)

1.3 Research Question

My project will concentrate on the following R esearch question : fAWhat are the effec
the ERP regulation on EU pharmaceutical market systems in relation to equitable access
to, availability and affordability of medicines? What theoretical and methodologica I

frameworks can provide means for the appropriate  exploration of those effects  ?0
The exploration of the RQ will focus on the following outcome criteria

o ERP effect on time delay in launching medicines (drug access criterion)

o ERP effect on excessive pricing of medicines (drug affordability criterion)

o ERP effect on shortages of C  ardio Vascular Disease medicines (drug availability
criterion)

o Theoretical fra mework, suitable to support the analysis of the above effects

o Methodological framework, suitable for the analysis of the above effects

The three main outcome criteria, related to the research question (drug access,
drug availability and drug affordabili ty) are defined through the literature

reviewed on the External Reference Pricing regulation and practice in the EU

(Table 2.2.1 and Vogler etal., 2015 ). The definition for drug access criteria is the
time (respectively time delay) for a new drug (innovative on patent drug,

innovative off patent drug or a new generic drug) to enter a local country

market. The time to enter a local market is associated with drug delays which
differ s between ERP local markets, as they occur dueto  regulatory,
administrative or commercial reasons . Drug availability  criterion is defined in the
literature as the presence of a drug on a local market throughout the drug supply

chain. Hence, this criterion is associated with drug una vailability , which appears
when a certain medicine , after being launched on a local market, is being

withdrawn from that market due to regulatory, commercial or other reasons;

Drug affordability criterion is defined as per the degree of how high or how low

the purchase price of a drug can be , which has been officially approved by a local
market pricing authority and in comparison to different prices of one and the
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same medicine across ERP markets. This criterion is related to the pricing

authorities social  purpose to negotiate lower drug prices for new on patent, off
patent or generic  drugs , in order to improve their affordability to patients and
government healthcare funds;

The research questions will be explored inrelat ion only to ambulatory care and
not the hospital market. In addition, only oral medicines that are not biological
medicines or biosimilars are considered in the ERP simulation scenarios.

1.4 External Reference Pricing ERP Context

The ERP practice emerged well before the E uropean Commission funded initiative in 2010
called EURIPID . This initiative is  related to providing EU wide drug price information with

the goal to help local pricing authorities to compare product price variation in different EU

member countries . Its ori ginal aimisto aid the process of price convergence and

medicines affordability across the EU.

External Reference Pricing ERP is a price control policy. It is applied by EU governments
to maintain control over high drug prices by putting a pricing equal ity barrier obliging
manufacturers to converge their product prices against their practice to exploit price

discrimination by applying differential pricing across the fragmented EU country markets

(Carone etal. 201 4; Leopold et al. 2012; Toumi et al. 2014 ; Rémuzat et al. 2015;

Vogler, Zimmermann, et al. 2015; Kanavos et al. 2010). However, a key consideration is

that the regulatorsé attempt to equalize product pric
reference countries could have urged pharmaceutical indu stry to internalize the above

price control practice . This could be done by maintaining differential product pricing
through market  price discounting of the officially approved ERP list price, in accordance

with the findings of the information economics th eory (Barkley Rosser Jnr 2003).

A recent efficiency report by the EURIPID initiative members outlined key points related

to the ERP policy and the international price comparison practice benefits and limitations.

This report is a deliverable of the European Commission Grant "Statistical data for

medicinal product pricing" under the call HP -PJ-2014 (No. 664317).

For the purpose of that report, the ERP is defined as
a medicine in one or several countries in order to derive a benchmark or reference pri ce

for the purposes of setting or negotiating the price

(Schneider and Habl, 2017). The author of the report defined the rational of the ERP to
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be connected to containment of pharmaceutiegulatt expendi
the pharmaceutical markets which are imperfect due to information imperfection and if

|l eft unregulated can |l ead to market failurefi, |ike dr

A key challenge of the ERP regulation acknowledged by the EURIPID re port is the

deviation of real prices from list prices:

AUndi sclosed rebates or other comparable arrangem

prices and - as aconsequence - inunreliable price benchmarks. ... However,

these procedures increasingly obscure prices and bias the distribution of

information in favour of the pharmaceuti cal manuf
2017)

The following key considerations from the last EURIPID guiding document report (Habl,
2018) need also be taken into account for the evaluati on of the ERP effect on

pharmaceutical market system:

o ERP is an important policy tool that should be used in a mix with other
instruments and not as stand -alone policy tool

o The aim of the national pharmaceutical policy should determine the selection of
reference countries

o Evidence has shown that ERP is most effective when applied to pharmaceuticals
without generic or therapeutic competition

o The pricing formula applied for ERP should reflect the national pricing policy

objective

The "Council conclusions 0 n strengthening the balance in the pharmaceutical systems in

the EU and its Member States" (Council of the European Union 2016) can provide a very
appropriate and up  -to-date reference point for the exploration of the ERP regulation in
relation to the outco  me effect on drug entry delay, high pricing and product exit out of a

country market;

ERP regulation and its effect on the timely drug market access, drug affordability and
drug availability, will be evaluated in accordance with key Council of EU conclusions

(Table 1.4.1in  Appendix A to Chapter 1) relating to the need for analysing regula tion

effects on affordability of medicinal products , on market failurein  EU Member States
to ensure patients access to effective and affordable essential medicines for conditions
that pose a high burden for patients and health systems, which is endangered by

unsustainable price levels, orduetodrug market exits, or due to drug entry delays to

national markets
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The above considerations are connected to the sustainability of national healthcare
systems, and their dependence on  factors like affordability of medicinal products
possible unintended or adverse consequences of local regulation and legislative

incentives , which could interfere with pricing strategies of drug companies

PhD Thesis next steps

and

Literature review and gap analysis of the ERP: methods used, gaps related to complex adaptive systems
perspective, review of dynamic simulation methods in pharmaceutical pricing and ERP

\Z

Philosophical paradigm, related to the ontological perspectives relevent to treating pharmaceutical ERP
system as complex adaptive system

\Z

Methodological Framework: design of the qualitative modelling method for the examination of the ERP
system: Resource Agent Mapping

\Z

Qualitative and Quantitative data collection on ERP rules and drug price evolution in EU countries

\Z

Qualitative Modelling of ERP: Resource Agent Mapping (RAM) application for the analysis of the ERP effect on
drug access, availability and affordability in EU local cuntry markets

\Z

research question

Quantitative Modelling of ERP: System Dynamics & Agent -Based Simulation treatment of the PhD thesis

\Z

ERP Regulation Simulation Analysis and Policy Recommendation: scenario simulation and ERP evelauation in
respect to the PhD research question, including recommendations for policy decision makers

\Z

Contribution of PhD research on the ERP evaluation and future research implications
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Chapter 2 Review of relevant research on ERP and on
SD and AB modelling and simulation in pharmaceutical
policy and regulation

2.1 A review of the relevant research concerning External Reference Pricing

(ERP) in EU

Initially , | have conducted a narrative literature research  (O'Gorman and Kevin, 2014) ,
with a narrow scope (Howick and Ackermann , 2011) , focused on the ERP  regulation
context and main results of selected published articles (including their authors, ERP
specific topic and methods applied ), are shown in Table 2.2.1. Full list of papers is

included inthe  Appendix A to this chapter.  After that, | have conducted a gap analysis

and continued with review on dynamic simulation methods in pharmaceutical regulation,

and pharmaceutical pricing (Figure 2.1.1)

Narrative literature
research and gap
analysis focused on ERP
regulation in regard to
the PhD thesis research

question

Literature reviewon
system dynamics and

Literature review on
dynamic simulation
methods in

agent based simulation
modellingin drug
pricing

pharmaceutical
regulation

Figure 2.1.1 Literature review procedure

This literature review has had the purpose to search and reveal published papers that
have presented studies on the ERP regulation in EU and its effects on the pharmaceutical
market system , and mainly on the three main criteria of drug access, affordability and
availability onlocal EU markets . This narrowe d the scope of the findings andthe number
of the selected papers . They are included in Table 2.2.1 and categorized according to

their research method and research question relevance to the above ERP effect criteria.

The WHO reviewed the ERP policy and identified potential indirect effects of ERP . These
includ ed the design and implementation of international pricing and marketing strategies

by the pharmaceutical industry to counteract the effects of ERP and maximize global
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profits (WHO, 2015) . Anot her effect could be that the choice of reference countries may

lead to inflated prices. If ERP is being used as the only method for price setting, entry of

new products may be delayed and price manipulation may result. The report states that

transaction pric es are elusive 1 the prices that countries can access are often not real but

virtual list/catalogue prices. Although there is no conclusive evidence about the impact of

ERP, instances of launch delays and non -availability of new medicines
countries suggest there may be unintended negative effects. Price convergence, resulting

from higher prices in lower -income countries and decreasing price transparency, is also a

possible negative effect.

Persson & Jonsson (2016) analysed the effect of ERP on limitation and delay of new drug
entry in the low income market, and limitation of ERP price comparison due to price
differentiation tactics by drug companies. Richter (2008) applied mixed integer linear
model to examine  ERP national policy and parallel trade effect/implication on drug launch

and pricing decisions.  His findings again were related to the global pricing game that

pharmaceutical firm s play in order to limit and offset ERP regulation effects on lowering
drug prices .
De Weerdt et al. (2015) found that for patented drugs, ERP may d&ncompass the largest

impact on drug shortages g i.e. drug’s availability. For generic medicines, they suggest
that internal or external reference pricing, tendering, as well as price capping may affect

drug shortag es.

Leopold et al. (2012) studied the impact of the EPR on on - patent medicine prices by
statistical analyses (multiple regression analysis) . They examined these effects, adjusting
for other factors such as sales volume, exchange rates, gross domestic prod uct (GDP)

per capita, total pharmaceutical expenditure, and size of the pharmaceutical industry.

Schneider et al. (2016) analysed the impact of changes in the EPR methodologies on

prices scenarios (consideration of statutory discounts, regular price revis ions, changes in
the composition of reference countries, changes in the calculation method, changes in

choice of exchange rate, and accounting for the economic situation of the reference

countries) run over a 10 year horizon by the application of a variati on of the DE

modelling research (Toumi et al., 2014).

Souliotis et al. (2016) used non -randomized experiment to evaluate the External
reference pricing (ERP) effect on market distortions and barriers to care in mostly the
weak economies, ethical and polit ical point of view and examined the influence of flexible

and adaptable to health systems' affordability ERP structures.
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Vogler et al. (2015) found that concerns have been voiced that medicine shortages that
have increasingly been observed also in highe r income countries, are, among other
factors, attributable to existing pricing policies. They acknowledged that ERP policy tends
to incentivize marketing authorization holders to first launch medicines in countries with

higher price levels, and delay, and even refrain from, launching in low - price countries.

In another paper, Vogler et al. (2015) state that ERP incentivises the marketing

authorisation holders to first launch their products in high -priced countries and to delay,
or not to market, in lower -priced countries, in order not to negatively impact thei r
reference price. Medicine shortages that have increasingly been observed in European
countries in recent years might be attributable to strategic launches of the

pharmaceutical industry in response to the EPR policy. Moreover, manufacturers are

likely to refrain from offering lower prices to lower -income countries, and thus reduce
affordable access. However, they assert that EPR can generate savings for public payers

in some countries, at least in the short -term. After they used Toumi et al. (2014) DE

sim ulations, the authors claim that savings might be higher if actual paid prices

(discounted prices) were considered and regular price revisions were undertaken.

Kanavos et al. (2010) argued that EPR schemes often generate disproportionate price
levels in r elation to national abilities to pay due to the reliance on foreign list prices which
do not reflect negotiated discounts; and those manufacturers apply launch strategies to

exert upward pressure on prices.

Carone et al. ( 201 4), Leopold et al. (2012) have contributed to the critical analysis of the

ERP framework in EU by bringing in front the discussion on the pharmaceutical pricing

related tactic in order to offset and even internalize the effect of the ERP regulation on

drug price variation. Carone et al. (2014) argued that achieving cost  -containment
through ERP is limited, comparing pharmaceutical prices is difficult because published list

prices may differ substantially from effective real market prices due to different pric ing
regimes and little price transparency; that margins for pharmacists and wholesalers and

the value -added tax on pharmaceuticals differ across countries, price discounts are not

public and leave listed prices unaffected. They acknowledged that drug indus try
adaptation strategies result in list -price inflation and cross  -country convergence of prices,

and that ERP can make pricing across reference countries circular.

Fontrier et al. (2019) found in their policy review that ERP appears to be associated with
international implications, including spillover effects, price instability, price convergence

and launch delays. However, they state that these effects cannot be solely attributed to

or caused by ERP per se and there may be other factors at play, like mar ket size and

income levels (in terms of GDP per capita) of a country, exchange rate fluctuations as



well as other supply -side regulations can either trigger one or more of these effects or,

reduce their impact.

Holtorf et al. (2019) made a best practices review, in which they assert that ERP scope
should extend only to reimbursed single -source products (on  -patent pharmaceuticals),
composition of country basket should be about 5 -7 countries with similar socioeconomic
and HC environment, reference price ca Iculation should be done on the average or

median price of the same product, and frequency of price revisions should be yearly or

biannual, including reasonable time for implementation on the market.

Maini and Pamolli, 2020 have found that the ERP practice generates an incentive for
firms to withhold products from low -income countries , relevant to the drug access
criterion . Using a novel moment inequality approach, they estimated a structural model

to measure the extent to which ERP policies affect access t 0 innovative drugs across
Europe. According to them, the ERP regulation increased entry delays in eight low -

income European countries by up to one year per drug

Geng and Saggi, 2017 , have used a game theoretic approach set for atwo -country

(home and for eign) model , where demand is asymmetric across countries . They show ed

that home's unilaterally optimal ERP policy permits the home firm to engage in a
threshold level of international price discrimination above which it is (just) willing to

export (relevan tto the drug access criteria) . Ifthe re were a price control abroad or

bargains over price with the foreign government, an ERP policy could even yield higher

home welfare than a direct price control

Geng and Saggi, 2020, extended their game  theoretic approach set in a two -country

(home and foreign) model , toinclude generic competition in each market . They analyze d

home's optimal policy choices regarding two major types of price regulations: external
reference pricing (ERP) and direct price ¢ ontrols. They found thath ome country 's

nationally optimal ERP policy decreased domestic drug price while maintaining the firm's

export incentive. This ERP policy resulted in a negative international price spillover that

the foreign country  could (partly) offset via a local price control
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Table 2.1.1
rel ated
research question

Main Results of the Literature Review on the ERP Topic
to the

three criteria of

, including papers explor ing the ERP associated effects

dr ug( naoctceeds sb,y advyaeek\vanbto theiRhDytheEIn d

afforda

Publication External Reference Pricing (ERP) Topic Access | Affordability Availability Method
Vogler et al. Study on enhanced cross  -country coordination in the Comparative
(2015) area of pharmaceutical product pricing . EPR has analysis
some limitations. It incentivises the marketing
authorisation holders to first launch their products in Yes Yes Yes
high -priced countries and to delay, or not to market,
in lower -priced countries, in order not to negatively
impact their reference price.
Rémuzat et al. Summarize and discuss the main findings of part of a A systematic
(2015) large project conducted for the European structured literature
Commission on External reference pricing discrete review, with a
event simulation analysis in 31 European countries No Yes No consultation of
(28 EU MS, Iceland, Norway, and Switzerland) authorities and
international
organisations
Thivolet et al. Evaluation of the potential impact of the new DE simulation
(2014) AMNOG law (Integration of the drug price discountin modelling
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the public list price) in Germany, on the external No Yes No
reference pricing (ERP) in Europe
Persson and Effect of ERP on limitation and delay of new drug Comparative
Jonsson entry in low income market, and limitation of analysis
Yes Yes No
(2016) differential pricing, no real prices for use in ERP
systems due to price differentiation tactic
Richter (2008) External reference pricing national policy and parallel Mixed integer linear
trade effect/implication on drug launch and pricing model
Yes Yes Yes
decisions, global repeated pricing game
De Weerdt et For patented drugs, external price referencing may Analytic
al. (2015) encompass the largest impact on drug shortages. For comparative legal
No No Yes
generic medicines, internal or external reference analysis
pricing, tendering as well as price capping may affect
drug shortages
Leopold et al. Impact of external price referencing (EPR) on on - Statistical analyses
(2012) patent medicine prices, adjusting for other factors (multiple regression
that may affect price levels such as sales volume, analysis)
No Yes No

exchange rates, gross domestic product (GDP) per
capita, total pharmaceutical expenditure (TPE), and

size of the pharmaceutical industry.
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Schneider et

Impact of changes in the EPR methodologies on

Surveyed

al. ( 201 7) prices . Scenarios (consideration of statutory methodological
No Yes No
discounts, regular price revisions, changes in the specifications
composition of reference countries, changes in the )
Discrete -event
calculation method, changes in choice of exchange . )
simulations
rate, and accounting for the economic situation of
the reference ¢ ountries) run over a 10 year horizon.
Souliotis et al. External reference pricing (ERP) effect on market Non -randomized
(2016 ) distortions and barriers to care (drug delays) in experiment
mostly the weak economies, ethical and political
point of view . Examining the influence of flexible and Yes Yes Yes
adaptable to health systems' affordability ERP
struc tures .
Vogler et al. Medicine shortages that have increasingly been Comparative
(2015) observed also in higher income countries, are, analysis
among other factors, attributable to existing pricing
policies. ERP tends to incentivize marketing Yes No Yes
authorization holders to first launch medicines in
countries wi th higher price levels, and delay, and
even refrain from, launching in low -price countries.
Kanavos et al. Relative merits of ERP by taking into account the Comparative
(2010) views and perspectives of key stakeholders including analysis

governmental bodies, key purchasers and

32




pharmaceutical manufacturers, as well as analyse Yes Yes No
market and pricing dynamics . Effects include launch
tactics and price inflation.
Toumi et al. External reference pricing (ERP) modelling and Discrete event
(2014) experimentation project , commissioned by the simulation (DE)
European Commission . Effects include drug price
erosion and spill over pricing among price No Yes No
referencing countries .
Wouters and Evaluation of the merits and demerits of EPR from an A theoretical and
Kanavos 2013) efficiency, equity, and quality perspective . Effects Yes Yes NG empirical analysis
include delays and inflated prices . of the effectiveness
of EPR
Carone et al. ERP framework in EU . ERP have limited effects , due Analytic and
(201 4) to difficulties in price comparison among reference No Ves No descriptive review
countries , pharmaceutical frm s tactics and can lead
to inflated public drug lists .
Leopold et al. ERP in EU. Effects on drug price reduction are limited Analytic review
(2012) due to pharmaceutical firm s pricing tactics which NG Vs NG

offset and internalize price affordability effects
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WHO guideline ERP Policy review . Potential indirect effects of ERP, Analytic and critical
on country including the design and implementation of review
pharmaceutical international pricing and marketing strategies by the
pricing pharmaceutical industry to counteract the effects of No Yes No
policies. ERP and maximize global profits. Choice of reference
(2015) countries may lead to inflated prices.
Fontrier et al. ERP review . ERP appears to be associated with Analytic
(2019) international implications, including spillover effects, comparative review
Yes Yes No
price instability, price convergence and launch delays
Holtorf et al. Survey and Literature Review to Describe Best Comparative review
(2019) Practices of ERP and provide recommendations . ERP No Ves No analysis
can be effective only for on patent drugs and not for
generic drugs .
Maini & External reference pricing (ERP), generates an Yes No No Structural 6 mo me n
Pammoli 2020 incentive for firms to withhold products from low - inequality 6
income countries. ERP increases entry delays in eight structural equations
low -income European countries by up to one year approach
per drug
Geng & Saqai Inatwo -country (home and foreign) model , home's Yes No No Game theoretic

2017

unilaterally optimal ERP policy permits the home firm
to engage in a threshold level of international price

discrimination above which it is (just) willing to

approach
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https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3694471
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3694471
https://www.sciencedirect.com/science/article/abs/pii/S0022199617301125
https://www.sciencedirect.com/science/article/abs/pii/S0022199617301125

export. If the firm faces a price control abroad or
bargains over price with the foreign government, an
ERP policy can even yield higher home welfare than a

direct price control

Geng & Saqai

2020

Inatwo -country (home and foreign) model , the
home producer of a branded pharmaceutical product
faces generic competition in each market. Home's
nationally optimal ERP policy lowers domestic price
while maintaining the firm's export incentive. This
ERP policy results in a negative international

price spillover that the foreign country can (partly)

offset via a local price control

Yes

No

No

Game theoretic

approach
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https://www.sciencedirect.com/science/article/abs/pii/S0167629619303844
https://www.sciencedirect.com/science/article/abs/pii/S0167629619303844
https://www.sciencedirect.com/topics/economics-econometrics-and-finance/spillover-effect

The above papers have used methods which apply comparative analysis , ERP reviews of
practice and or statistical techniques. Such approaches can provide considerable insight

for retrospective policy evaluation, but come short of strength regarding prospective

policy evaluation and what if scenario analysis. This is because of the limita  tions of the
methods they have applied . Another weakness of these traditional methods is that they

do not consider causal links and time dynamics, related to main policy factors, market

agents and resources, and their interconnections, and therefore cannot produce insight
on and cannot answer the question why the observed (retrospectively) policy effects

happen on the market.

The ERP practice in EU has been researched mainly through approaches different from
simulation modelling, with the exception of one discrete event DE modelling study
commissioned by the European Commission (Toumi et al. 2014), and a variation of the
same model (Vogler, Lepuschiitz, et al. 2015; Schneider 2017). In addition, Remuzat et

al. (2015) summarised and discuss ed the main f indings of the DE modelling study. A
variation of the DE modelling was applied to evaluate the potential impact of the new

AMNOG law (Integration of the discount in the list price) in Germany, on the ERP

application in Europe, but published only in confere nce proceedings as a poster (Thivolet
et al. 2014).
Tomi et al. (Toumi et al. 2014) found in their DE simulation study that ERP , considered

as an isolate pricing rule led to lower drug price erosions than what could be observed in

reality. They suggest  that other pricing policies, potentially amplified by ERP, are

involved in driving prices down, and that different scenarios illustrated spill -over and

circular effects of ERP. They acknowledged that frequent price revisions, iterative price

cuts,largec ountry basket s, price calculation methods, gen:t
sources were among the most influencing parameters on the evolution of the drug price

overtime. However, the explored scenarios were made in isolation to contextual

pharmaceutic al system complexity and did not include any a
behaviour nor system resource feedback effects, according to the authors own account of

their research approach and simulation method limitations. Also, the authors have not

provided any verification or validation documents, which resulted in the lack of

transparency and therefore cast doubts in relation to the validity of their DE results

In that respect, important contextual (regulatory, market and competition) factors
influencing drug pricing, including parallel trade, internal reference pricing, co -payment
level, price linkage between the generic and original reference product, drug allocation,

agent pricing tactic, competition, availability o f product price information and other were

not taken into account.
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A key limitation was that pharmaceutical companies  were not included with their
decision/action routine in response to the ERP regulation (Toumi et al., 2014 ; Vogler et

al., 2015),andt here were no account of drug supply chain system resource and

resource flow structure (Vogler and Schneider, 2015) . These are important key features

and components of the pharmaceutical complex market system (Council of the European
Union report, 2016)  without which a proper analysis of the ERP regulation would be
insufficient and incorrect (Roberts, 2015; Gilbert et al., 2018) . Healthcare systems are
complex systems and their analysis requires suitable methods like dynamic simulation

(Marshal etal.,, 2015 (a) and 2015 (b)).

In the above respect , according tothe " SIMULATE " checklist (Marshal at al., 2015b), the

pharmaceutical market and regulation system is a complex one, having features like:

o0 (System) Modeling multiple events, relationship s, and stakeholders;

0 (Interactions) Including nonlinear or spatial relationships among stakeholders and
their context that influence behaviors and make outcomes in the system difficult
to anticipate;

o (Multilevel) Modeling a health care delivery pro blem from strategic, tactical, or
operational perspectives;

0 (Understanding) Modeling a complex problem to improve patient -centered care
that cannot be solved analytically

0 (Loops) Modeling feedback loops that change the behavior of future interaction S
and the consequences for the delivery system

o (Agents) Modeling multiple stakeholders with behavioral properties that interact
and change the performance of the system

o (Time) Time -dependent and dynamic transitions

o (Emergence) Considering the intended and unintended consequences of health

system interventions

The rel evance oSimulath 6 6 ab tise ® khé ERP regulation and

pharmaceutical system , and the limitations ofthe previous research, coming from  the
methods that have been applied, provide a need for further exploration of what dynamic
simulation methods have been applied in pharmaceutical systems . This literature review

is provided in the next section.
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Table 2.1.2 Main learning points from the literature review on the ERP regulation
analysis
Key insights Key gap from perspective of complex

systems analysis requirements

Variation in ERP apparatus can produce Methodological approach:

different effect on the pharmaceutical
market system (Toumi et al., 2014;
Schneider et al. 2015)

Pharmaceutical industry responds by
pricing and launch sequence strategy
from hi gher to lower price level EU
countries; and in discount based
competitive tactic  related to price
differentiation (Vogler et al. 2015,
Carone et al. 2012)

ERP has a spill over and circular effect
on product public price (Toumi et al.,
2014; Carone etal. 201 4, Kanavos et
al. 2010)

ERP could lead to delay, price inflation,
price erosion or product deregistration
(Kanavos et al. 2010, De Veerdt 2015 )
Other price regulation, market
competition and parallel trade can
interfere with ERP effect (Kanavos et al.
2010, Schneideretal. 2 015, Toumi et
al. 2014 , Leopold et al. 2012, Richter,
2008)

Need of ethical and political perspective
to the development of flexible ERP
regulation adequate to local
pharmaceutical system (Persson and
Jonsson, 2016, Souliotis, 2016 )
Containing expenditure through ERP
could be difficult (Wouters and Kanavos
2013, Carone etal. 2014 , Espino et.
al, 2011)

No theoretical support underpinning
the exploration of the ERP effect

No qualitative modelling method
applied

No system dynamic or agent based
or hybrid/mixed simulation modelling
No treatment of the pharmaceutical
system and ERP from a
resource/agent interaction

perspective

ERP subject exploration:

No exploration of regulatory and
market contextual variation
interference and mediation effect on
the ERP effect

Including other drug related
regulation like  INN (MOLECULE
NAME) and innovative or generic
brand prescribing, competitive
pricing tactics and  strategic
behaviour of pharmaceutical
companies

Lack of exploration for a flexible ERP
regulation adequate to the local
context, and from ethical and political

perspective
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2.2 Dynamic Simulation Modelling in Health care and Pharmaceutical systems

Due to the abovementioned gaps in the published papers , connected to the lack of use of
methodological approaches required to explore complex adaptive systems like dynamic
simulation modelling, | have further conducted research review on these methods used in
healthcare and pharmaceutical systems and regulation. This is in line with the need of

more comprehensive simulation modelling practice in health care. Roberts (2015) argued

that fAaccurate representations of complex reald9Q
approaches that use components ac ross multiple modeling typesh
fappropriate application of the dynamic met hods

we face in healthcare today holds tremendous potential to improve the cost, quality, and
efficiency of healthcare systems. Hopefully, dynamic simulation in healthcare may now
come of Daegethed gaps identified through the literature research on the ERP
regulation , including limitations of the DE simulation methodology to address ina
comprehensive manner the ERP regulati on effects on the drug market  system , | have
conducted a literature review, following general methodological framework (Kitchenham
2004; McKibbon 2006), and practical application in the field (Guerrero et al. 2016a;

Mahsa Keshtkaran 2015) . Itis suitable for searching, filtering, selecting and analysing
the relevant research through on -line search engines under predefined combination of
terms . For the purpose of methodological gap analysis related to the topic of my PhD
research project (ERP regulation effect on pharmaceutical pricing, availability and

affordability), | have conducted a search with a set of terms in relation to:

o Application of System dynamics (SD) and Agent -based (AB) modelling and
simulation in  healthcare

o Application of System dynamics (SD) and Agent -based (AB) modelling and
simulation in pharmaceutic  al regulation

o Application of modelling and simulation in pharmaceutical pricing

| have focused this second literature review with the purpose to explore the use of
simulation and specifically , the application of  SD and ABM in healthcare and

pharmaceutical markets as beingthe most relevant methods identified in Roberts (2015)
and Marshall etal. (2015) to provide comprehensive methodological apparatus , together
with DE . However , | have not included DE related search terms for two reasons :one
reason is that the DE method provides limited , ifno technical means to include agent

decision making features (which lack in the DE treatment of the ERP was identified as a

stic
and
é t

limitation) , andthe second reason ist hat wusi ng t he dnulatiard&would er m 6

provide enough means for the literature  review toreturn results relatedto any kind of

simulation used, including DE, mathematical, statistical or other.
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The main steps of the literature review  are provided on Figure  2.2.1

The goal of this literature review is to show what is the proportion of papers on

application of simulation to health servic es in relation to the application to the

pharmaceutical market and regulation . Papers have been grouped at each step and

filtered, follo wing the logic of first selecting articles with afocuson t he broadest O6heal't

theme , then moving on to select papers that have focused on the topic of

dgharmaceuticals 6. On t hstep,tphpers dere filtered on the criteria of having
focused on the subtopic 6 phar maceuti cal regul at istepn papaasnd on t he f
focusingonthe sub subtopic of &éphar maceuti cal piltereccandn gélectbda v e been

for further reading and analysis . All these steps were conducted through reading the

abstracts of the articles, and identifying their main theme and topic

The results of selected  papers after the topic criteria of pharmaceutical pricing and
regulation , are presented in Table 2.2.1, and show a huge disproportion between the SD
and AB modelling and simulation application in healthcare and in pharmaceutical systems
field. Only a few articles are treating ERP, however none applying either AB or SD, or
mixin g both approaches. Relevant papers are selected and included in Table 2.2.1 and
Table 2.2.2 and Table 2.2.3 with Table 2.2.4 providing grouping and typology around

each treated topic under the key theme of Pharmaceutical pricing policy and regulation.

There is abundance of modelling and simulation research studies in the health care field
(Katsaliaki and Mustafee, 2011; Marshall et al., 2015; Keshtkaran et al., 2015; Li et al.,

2016), however following the outcome of a bibliographical review o n dynamic simulation
methods applied in pharmaceutical pricing policy and regulation exploration like DE, SD

and AB, there appear to be a few published papers (Table 2.2.1 in Appendix A | and full
list of paper search results in Appendix A I) on a narrow top ical variety. None of them
presented a hybrid approach, i.e. providing any form of combination (mixing, integration)

among any of the above mentioned modelling approaches in one enhanced multi -
methodological framework. Application of hybrid approaches is c onsidered important,
since this can bring together a comprehensive perspective of the researched complex

system (Guerrero et al. 2016a; Mahsa Keshtkaran 2015; Ackerman et al., 2014). The

review excluded research on drug health technology assessment (HTA) a nd drug
pharmacoeconomic analysis and concentrated on pharmaceutical policy and pricing

regulation in EU. One paper did apply hybrid modelling and although it treated HTA topic,

| have included it in the review for the hybrid SD and AB modelling framework it applied.
Research gaps are found and briefly analysed and recommendation for future work is

made.
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The p apers, which came out from the literature review are categorized and included in
Table 2.2.1 (Appendix A | to Chapter 2), Table 2.2.2 and Table 2.2.3 . Table 2.2.4.
provid es grouping and typology around each treated topic under the key theme of
pharmaceutical pricing policy and regulation. A typology of the results for each treated
topic and the simulation method applied can be viewed in the following Table 2.2.2

before eliminating any overlapping articles.

Table 2.2. 1.

Data source Key words: Key Words:  "System Key words:
"System dynamics" AND OR APricingo A
dynamics" AND OR "Agent -based" AND isi mul ati on
"Agent -based" Asi mul ationodo Aphar maceut
AND #fAsi mul at "pharmaceutical"
AND "health”

PuBMed 18 0 14

PMC 49 27 4

Sciencedirect 334 44 27

Google 5690 832 55

scholar

Winter 100 24 0

Simulation

Conference

Total (non 6191 927 100

unique)

Table 2.2. 1 above consists of the broader contextual findings related to the number of
papers under each key word combination, per electronic bibliographical source and
aggregated in total number, without eliminating paper duplication and overlap among

used sources.
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Key words:

"System dynamics"
AND OR "Agent -based" AND

fisi mul at i theaih" AND

Key words:

fisi mulationo

"pharmaceutical”

"System dynamics"
AND OR "Agent -based" AND

AND

Keywords: A Pri ci ngo

fisi mul ati ono AND

Aphar maceutical o

A

PubMed (n=32)

ScienceDirect
(n= 405)

PMC (n=80)

Google Scholar

WSC (n=124)
(n= 6577)

Figure 2.2.1 Flow diagram for the

Paper s filtered on topic
6 h e a [nt6hA)

Paper s filtered on topic
@pharmaceutical 6
(n=1027 )

L

Papers excluded (n=5164) due
to irrelevantto  @harmaceutical 6

tonic

l .

Paper s filtered on topic
gharmaceutical
regul a{n+100) 6

Paper s excluded (n=
irrelevant to

927) due to
gharmaceutical
regulation 6topic

B

Gegulation 6

Paper s included on

Paper s excluded (n= 85):
duplication and irrelevant
papers (n= 55)

6 t onoitreating
06 pr 6(=e0)

topic ¢gharmaceutical
pricing 6(n=15)

literature review

procedure
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Figure 2.2.1 above presents the procedure applied for the conducting of the literature

review and with results presented on Table 2.2.2. The Figure include the search terms

and their combinations that have been used and the initial search results summed below

grouped after each literature (published articles ) source . After this stage, papers were

filtered on the criteria , first, after t he t opi ¢ onéxt,Gaftee thé topid of

O0phar mac e thitdi -ctteltdpic of &édphar maceut i ca lfourhetigeuopiadf i ond and

Ophar maceutical pricingbo.

The total results before eliminating paper duplication show that, approximately, the

published applications of system dynam ics and agent -based modelling, including other
simulation methods like DE, Monte Carlo and econometric in pharmaceutical systems are
about 10% of healthcare application, and the number of articles treating pharmaceutical
pricing are about 1.5% of the healt hcare and 10% of the pharmaceutical thematic

application.

The above results reveal clearly a large underexplored field, namely the pharmaceutical
pricing systems one (1,5 %), on the account of health care systems which have been in

the light of the modell  ing and simulation community for many years. The neglect of the
pharmaceutical theme could be regarded to be quite surprising given that the medicinal
products and their related market system combining R&D, manufacturing, supply chain

and pricing are each  a very important complex component of healthcare delivery systems

worldwide, accounting to a great extent for their efficiency and sustainability.

An immediate recommendation coming out of the above finding would be related to an
appeal toward the modelli  ng and simulation community to direct their research attention

not only to health care delivery systems but to drug delivery systems exploration too.

Table 2.2.3 Typology of each treated topic under the theme of Pharmaceutical
Policy and Regulation
To pic Paper
number
Productco -payment/ public funding
Pharmaceutical expenditure
Medicine price
Minimum reference price

Efficient utilization

RN NN W

Pharmaceutical policy mix (time to market, price co - payment,

incentivizing)

43



Pharmaceutical planning 4

Inventory, availability and allocation 4
Control on access 1
External Reference Pricing 4 (1)
Impact of new drug regulation 1
Internal reference pricing 1
INN (MOLECULE NAME) competition effect on price 1
Total 30

Table 2.2.3 above exhibits a categorization by topic of a group of 30 simulation papers,
after eliminating paper duplication and following a filter criterion for treating the theme of
APhar maceuticategol acyomad which made a starting poin

and methodological exploration.

The most explored topics included in Table 2.2.3 wer €
APhar maceutical planningodo and fAPhar macewtandcal i nventc
all ocationo, all wit-paymeapersopifierfokl ows with 3 pap
come the topics of fAPharmaceutical expenditurebo, A Mir
APhar maceuti cal product wutilizationd; with 1 are | agc
(product time -to-market, priceco -payment, controlling doctor prescri
AControl on product access to market o, ANew drug regu
pricingod6, and Al NN competition effect on priceo

The AExternal reference pricingo topic could draw add

high number of papers (4) although they used only one and the same DE modelling

application (Toumi et. al, 2014). That could be due to the global importance of the t opic,
which exploration was driven by the EC in order to facilitate the EU wide debate for

medicinal product price convergence among European countries. However, the above

implies that although the high international importance of the topic, only one DE

m odelling and simulation treatment has been made. Due to its methodological and data

scope limitation (Table 2.1.1), there isaroom left for future more thorough and complex
experimentation through individual and hybrid qualitative and quantitative system

dynamics and agent -based methodological approaches . Such approaches can provide
additional conceptual and technical capabilities for overcoming the ERP DE treatment

limitations.

These approaches could provide a relevant option for tackling the challenges related to
the ERP which have not been treated through the published research so far, like the lack

of exploration of regulatory and market competition contextual effects interfering with
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ERP effects and the lack of exploration of the system from a resourc e and agent complex
adaptive systems perspective. This is needed due to the fact that pharmaceutical market

and regulatory systems are complex adaptive systems and require dynamic simulation

methods like system dynamics and agent based modelling and simula tion, to take

account of their complex and changing interactive properties (Roberts, 2015, Marshall et

al., 2015; Guerrero et al. 2016a; Keshtkaran 2015).

2.3 Dynamic simulation modelling for pharmaceutical policy and pharmaceutical

pricing

The next Table 2.2.4 is related to all modelling simulation methods applied in the

selected focus group of 30 papers. Narrowing down the theme from the broader

APhar maceutical policy and regulationdo to APharmaceut
lower s the number of the published research to 15 or 50% of the total number in Table

2.2.3. Clearly the fipharmaceuti cal pricingodo topic col

explored and of need of more concentrated attention for exploration in the future.

The final | ist of 15 papers, on the topic of pharmaceutical pricing , was reached after
going through all previous stages of the literature review screening shown on the flow

diagram for the literature review procedure (Figure 2.2.1).

These 15 papers are included in Table 2.2.4. However, the purpose of the literature

review is to select papers that apply simulation using dynamic simulation methods as

explained in Roberts et al. (2015) and Marshal et al. (2015), which further excluded

papers applying other type of simu lation methods different from system dynamics

simulation and agent based modelling and simulation. This reduced the papers of interest

down to eight and analysis of these papers are included in Table 2.3.1 . One additional

paper was also included , even alth ough this paper did not focus on the topic of drug

pricing (Djanatliev et al., 2015). This reason f or t he paper 6sthat the papexi on was
study applied a hybrid approach to drug policy simulation, using mixed SD, DE and AB

approach.

Table 2.2.4  Selected focus group of papers applying simulation methods

Method Paper number Price relevant topic
SD 9 4
AB 6 2
Markov state  -transition; 2 1

Markov chain
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Monte Carlo

State space models
Mathematical Simulation
DE

Policy simulator

structural modelling

W PR DN R R
w k| o R R R R

Econometric modelling

Total 30 15

Eight papers of the group of 15 (Table 2.2.3 in Appendix A 1) treating pharmaceutical
pricing were filtered for further analysis due to the fact that they apply dynamic

simulation modelling relevant to the call of Roberts (2015) and Marshall et al. (2015a,

2015b ). One more paper is further selected to get attention too due to important

methodological guidance in SD and AB hybrid simulation modelling.

Kazakov and Petrova (2015) did a study related to policy evaluation and impact

assessment of alternative/what -if policy decisions connected to reimbursement policy

optimization. They employed mathematical modelling and simulation of the angiotensin

converter enzyme (ACE) inhibitor antihypertension drugs market with the aid of

computer modelling and simulation softwar e. The focus of their study is designing and

testing a reimbursement policy based on lower patient co -payment, while at the same

time providing means for controlling pharmaceutical expenditure. The simulation

experiments used prescription and market data b y IMS Health. These data were analysed

andthenusedina SDmodel accounting for the doctords prescri
flows and public expenditure, after which they explored alternative policy scenarios by

interactive learning environment or the so -called "management  -flight simulator".

Main practical benefit from Kazakov & Petrova (2015) is that they have used

management flight simulator SD approach to the evaluation of alternative reimbursement

policy scenarios; doctors, patients and public expendi ture were conceptualized as key

system stocks of resources flows subject to the variability in reimbursement level as one

key influencing factor regarding prescribing and compliance behaviour. Main limitation of

their study was the lack of account of docto r and patient decision/action routine. Taking

account of agentsé behaviors would bring further insi
system, since these agents like drug suppliers, doctors and patients are key actors within

the system.

Lietal (Lietal. 2014) examined the social problem of unreasonably high

pharmaceutical costs for patients in Chinese hospitals by SD modelling. They have
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addressed two problems, i.e., the unreasonably high prices of drugs and the high level of
pharmaceutical fees relative to the medical costs of patients, aiming to suggest
countermeasures and possible solutions. They found that if hospital and medical staff

receive a higher kickback rate, they would be more likely to prescribe unnecessary

expensive drugs to make greater pro fits, which results in unnecessary drug consumption
and irrational drug use, and eventually leading to unreasonably high pharmaceutical fees.
Further, they recommended that the benefit chain of the main drug suppliers needed to

be cut off in order to break the link between the profits from pharmaceutical sales and

the prescribing behavior of physicians, and hospital incomes. They conclude that a

reformed pharmaceutical distribution system would be needed to regulate physicians and

hospital interaction.

Main learning from Li et al. (2014) was that they applied SD exploration of high drug
prices in hospitals and drug expenditure and explored how the drug distribution system

could be improved; doctors were conceptualized as stock of resource, influenced by

fin ancial incentivizing by drug companies; They identified a feedback loop reinforcing

cycle between pharmaceutical sales and hospital income and accentuated on the ethical
perspective and the need for better regulation over the interaction between drug

suppl iers and medical staff in hospitals. Main limitation was the lack of account of agent

decision/action procedure of doctors and drug suppliers.

Kunc and Kazakov (2013) developed a n SD simulation of chronic cardiac disease in
Bulgaria examining the dynamic behaviour of a cardiac drug molecule in the market. The
objective of the study was to analyse the effect of different drug regulation policy options

like providing timely access to market, influencing prescribing of generic medicines,
implementing incent  ives for increasing the percentage of diagnosed patients. While the
project developed my experience in SD modelling, it revealed limitations like
experimenting with only one drug molecule, and lack of capacity to model agent

interaction with key market re sources.

Kazakov and Kunc (2015) developed an interactive learning environment (ILE) by the
application of SD simulation model to aid the reformulation of a new generic drug launch
plan. It also included an account of pricing regulation change s inthe future and rival
pricing competition. That helped for enhancing managerial cognition in relation to
explor ation of alternative product launch tactic s and for finding optimal path of
competitive action. The modelling experiment treated doctor behaviour, influenced by
government and pharmaceutical company and patient flow s, influenced by doctor

allocation of drug  therapy, by drug co  -payment and by therapeutic compliance.
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Main contribution from above was their application of a twofold doctor adoption and

patient treatment stock and flow structure, influenced by pharmaceutical companies
marketing, bringing in the n otion for managerial resource conceptualization through the
Resource -based theory (  RBT) and Anticipat ory systems theory lenses; In addition,

authors used the modelling and simulation interactive learning environment to support

behavioural experimenta  tion with the management team. Also, they applied combination

of qualitative and quantitative simulation modelling; Main limitation of their study was

the lack of account of agent behaviour dependent on different decision/action routine.

Lietal (Liet al. 2016) article introduces AB modelling by providing a narrative review of
agent -based models of chronic disease and identifying the characteristics of various

chronic health conditions that must be taken into account to build effective clinical - and
policy -relevant models. Li et al. also identify barriers to adopting AB models to study
chronic diseases and discuss future research directions of agent -based modelling applied
to problems related to specific chronic health conditions. According to them, AB
modelling is a promising systems science approach that can model complex interactions

and processes related to chronic health conditions, such as adaptive behaviours,

feedback loops, and contextual effects. However, they did not take into  account in their

work how agents interact and compete for limited resources.

Tang & Rosen (2014) applied AB modelling to explore what incentives could be used to
overcome the widespread underuse of low cost, high benefit therapies (e.g. beta blockers

and statins) and overuse of high cost, low benefit therapies (e.g. elective percutaneous
coronary interventions). They use AB modelling to explore the health and economic
impact of changing the financial incentives (out -of-pocket costs) faced by Medicare
patients wit h CHD and to evaluate the incremental costs and quality -adjusted life
expectancy of different policies. According to them, AB modeling , while ideally suited to
model behavior change in multiple agents, such as patients and physicians, has not been

well utilized in the medical decision making literature. They argue that modelling

behavior change in both patients and physicians in response to targeted incentives to
improve use of the most valuable therapies and reduce use of the least valuable

therapies, can be of great benefit both to the effort to improve efficiency and to

understand the impact of these behaviors on the system.

However, they took noaccount of dr ug compani esd behaviour and docto
behaviour regarding agent competition for limited resources like budget, prescribing

doctors and buying patients.

Toumi et al. (2014) applied DE in a project commissioned by the European Commission

(Executive Agency for Health and Consumers (EAHC)) to further identify and assess
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external reference pricing (ERP) cross -country coordination issues, such as price

instability and suboptimal patient access to medicines.

The asse ssment was based on a DE simulation model which to identify the main
parameters impacting drug price dynamics within ERP systems of fictitious and real

medicinal products, with three primary objectives:

0 To simulate the evolution over time of the price of any given drug;
0 To simulate the impact of various changes in ERP policies;

0 To support policy decision makers by identifying the drivers of the price evolution.

The model applied to the 28 EU Member Sta tes, Iceland, Norway and Switzerland was

structuredasa DEsi mul ati on which fAall ows continuous fAtracki
agent (here, a country) through a number of pre -defined eventso. Occurrence
as well as their consequences depended on the countryb6s characteristics (|
attributes), such as ERP rules, GDP, etc. Their model showed that ERP - considered as an

isolate pricing rule - led to lower drug price erosions than what could be observed in the

real life , suggesting that other pric ing policies, potentially amplified by ERP, are involved
in driving prices down. The different scenarios illustrated spill -over and circular effects of

ERP. Frequent price revisions, iterative price cuts, large country baskets, price calculation

methods,g ener i ci sation i mpact, and pricesdéanfluentiair ces wer e
parameters on the evolution of the drug price over time through ERP -based systems. The
simulations support previous studies on industryds in

sequence strategy. However, the simulation model did not show any substantial price
convergence over time and it remains unclear whether price divergence would be larger

without ERP (Toumi et al., 2014).

The DE model capability to account for the complexity, non -linearity, feedback, and
adaptability of agent  -like and resource system  -like features of the pharmaceutical market
could be admitted to be highly limited. First, the methodological technique applied is

limited to tracking queue  -like country -agent behaviour , related to comparing and
reacting to change in drug price s, through predefined launch events. Next the ERP

modelling experimentation , due to the narrow modelling boundary , treated ERP to be the
only price setting tool. Third, it did not account for company proactive and reactive

behaviour to actual or expected ERP market effect, neither for generic drug competition

(Toumi et al., 2014; Vogler et al., 2015).

In order to pr oduce a simulation model which represents a flexible and efficient tool for
decision makers, the methodological technique applied needs to allow for realistic

modelling of the above mentioned pharmaceutical market system characteristics. In
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addition, impor tant contextual (regulatory, market and competition) factors influencing

drug pricing, including parallel trade, internal reference pricing, co -payment level, price
linkage between the generic and original reference product, drug allocation by innovative
or generic brand or by INN (MOLECULE NAME) , rival pricing tactic, availability of product

price information and other were not taken into account, making the model far from

being reliable and capable to aid pricing policy. Furthermore, the DE model and rela ted
publication while exhibiting an advancement in the modelling exploration of EU pricing

policy like ERP, did not provide access to detailed information about model input

variables, model equations, structure and coding, which prohibit independent data a udit,
model validation and verification of the results and therefore casts doubt on the

credibility of ERP policy implications that arise from their work

This 61 ack of tr ameassgratr ¢he DE simulation results  cannot be taken as a

reliable source for policy recommendation .This issue is also in addition
methodological limitations which include : the lack of account of market agents behaviors

and the dynamics of supply and demand resource flows with respect to the ERP

regulation, in additionto the lack of consideration of local contextual regulatory and

competition factors  that interfer e with the main regulation effects.

In this respect, the DE simulation outcomes do not include analysis of questions

re garding drugs access and availability (entry delays or market exits). Questions

regarding drugs affordability are analysed by treating ERP as an "isolated pricing rule"
(Toumi et al., 2014) mechanism, without taking account of interfering market and

regula tory factors (supply and demand actors, supply chain and resource dynamics,

market competition tactics, on patent and off patent medicines, parallel trade, drugs

prescribing, etc.)

For all the reasons outlined above, policy recommendations arising fro m the DE
simulation results  might support incorrect decision making by misleading drug price
authorities at local or EU level to follow ERP policies, which might produce unintended
consequences such as facilitating excessive drug pricing or drugs delays an d
unavailability.

All of the above limitations and lack of transparency of the DE simulation treatment of

the ERP, produce doubts for its conceptual and technical capabilities to support
pharmaceutical policy decision makers. In this regard , the result s could provide
misleading evidence and could support ineffective recommendations for policy changes.
For this reasons, further simulation research is required which  account s for all the

outlined gaps and limitations.
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Table 2.3.1 presents a categorization of the
the discussion inthe previous paragraphs , according four criteria: topic
theme of pharmaceutical

policy and regulation) , methodological

or combination between them) , theoretical
limitations . The table provide evidence that only one paper from all
methodological approach. Also, two papers mentioned
in support of their applied
methodolog ical framework ), acknowledged limitations

have applied. Most of these limitations came from the limited

method could provide , thus neglecting  perspectives
have provided. These were related to either not
within the system , or resource components and their interconnection
simulated systems , or not taking into account a wide r comprehensive

perspective.

Table 2.3.1 Categorization of the
the criteria of main topic, methodological

selected papers from the

the use of a theoretical

perspective

that other not used

literature
framework , theoretical framework and

high prices of drugs and
the high level of

limitations
Publication Topic within the SD, AB, | Theoretical
Pharmaceutical DE, framework
Pricing Policy and Hybrid
Regulation theme
Kazakov and Evaluation and impact SD Not
Petrova (2015) assessment of what-if mentioning
policy decisions related to theoretical
level of product price co- framework
payment and
reimbursement of ACE
inhibitor on health
outcome and public
pharmaceutical
expenditure
Kazakov and Market competition SD Resource
Kunc, 2015 structure and product based View
launch pricing (Barney 1991;
Wernerfeldt
1984; Peteraf
1993);
Behavioural
theory of the
firm (Cyert
and March
1963),
Anticipatory
systems theory
(Rosen 1985)
Liet al., (2014) Analyzing unreasonably SD Not

mentioning

eight papers that were selected and used in

(within the main

framework (SD, AB, DE
framework (in support of their approach) and

eight , used a hybrid

framework

methods . All papers , except one ( which used a hybrid

connected with methods that they

thata single

methods could

considering a g e n behaviours and rules

within the

system

review on

Limitations

Not taking in account
the decision making
rules of market
agents

ot linking the
results with the long-
term performance of
the firmb
Limited to evaluating
managerial cognition
before and after
working with a
scenario simulator
Not considering
market agents
decision behaviour

Not considering
6speci fic
individual patient
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Kunc and
Kazakov (2013)

Li et al. (2016)

Tang et al.
(2014)

Toumi et al.
(2014)

pharmaceutical fees
relative to the medical
costs of patients

Predictive evaluation of SD
pharmaceutical policy
component mix (time to

market of new generic
medicine, product co-

payment level,

incentivizing generic
prescription) and
pharmaceutical public
expenditure (pricing)

Chronic health clinical AB
and policy relevant

analytical review and
recommendation for

future work in CVD to

include modelling the

effect of drug therapy

Coronary heart disease AB
(CHD): underuse of low
cost, high benefit
therapies (e.g. beta
blockers and statins) and
overuse of high cost, low
benefit therapies (e.g.
elective percutaneous
coronary interventions);
Health and economic
effect of changing
financial incentivizing
(out-of-pocket
expenditure)

External reference pricing | DE
policy (regulation)

evaluation (isolated effect

of ERP on drug prices in

ERP countries)

theoretical
framework

Not
mentioning
theoretical
framework

Social norms
theory (Cialdini
and Trost,
1998)

Not
mentioning
theoretical
framework

No mentioning
theoretical
framework

characteristics, and
social insurance
schemes. The
governmental
supervision system
and adaptive
changes of
manufacturers,
distributors,
hospitals, and
physicians are not
taken into account in
the intervention trial
measur es o
Not considering
research on doctors
and patien
behaviour in
connection to the
design of healthcare
policiesbd

Not taking into
account th
of different

treatment strategies,
drug therapies, and
procedures
No perspective of the
whole system and
systems resources
Limited to the
6explorati
health and economic
impact of changing
the financial
incentives (out-of-
pocket costs) faced
by Medicare patients
with CHD®G
connected to
choosing a cost
effective treatment;
Lacking account of
other components in
the whole healthcare
system, including

resources
6Parall el
not modelled in this
project, &

potential economic
impact of parallel
trade was not
assessedbd

52



0 E R eonsidered as
an isolate pricing
rule - led to lower
drug price erosions
than what could be
observed in the real-
life, suggesting that
other pricing policies,
potentially amplified
by ERP, are involved
in driving prices
downob;

Drug price scenarios
are compared using
average drug price
evolution among all
ERP countries, which
does not have
statistical
significance nor
exhibit drug price
evolution per each

country
Djanatliev et Hybrid: Application of Hybrid No theoretical | No limitation in
al. 2014; hybrid SD/AB simulation (SD, AB | framework connection to the
Kolominsky - modelling for Prospective | and DE) | mentioned technical capabilities
Rabas et al., HTA for mobile stroke of the
2015 units methodological
approach;

Limited account for
the agentd
behavioural decision
rules in connection

to agent resources
interaction;

This section explored the application of dynamic simulation modelling methods in
pharmaceutical market and regulation. It showed main insights and limitations of using
only one individual method in comparison to the perceived benefits of combining
individu al methods in hybrid applications, for the purpose of gaining a comprehensive

view of the researched complex system.

2.4 Research on combining system dynamics with agent -based modelling

and simulation in a hybrid multi methodological framework

This section presents a review on system dynamics and agent -based simulation and on

the research relevant to the scientific discus sion on the practical mixing of the system

53



dynamic and agent -based modelling methods, and on the associated benefits regarding

the exploration of complex systems. Comparison of the two methods is provided and key
limitations are outlined in the perspective of the possibility of overcoming them by the
appropriate complementary combination between different features in both approaches.

In that regard , a classification of alternative paths to bringing them together is also

provided in the light of Robert s (2015) call for the application of hybrid modelling and

simulation in health care.

2.4.1 System Dynamics Modelling (SD)

2.4.1.1 Theory and practice

Forrester (1958) pioneered SD practice following two key concepts of systems theory

relatedto t he feedback | oops principle, and to the princi
systembébs behavior. A main view behind the behavior
identifies hidden endogeneity and feedback effects due to delay in time and bound

rationality, leading to non -linear and often counterintuitive behaviour (Sterman, 2000;

Morecroft, 2007). Hence, systems dynamics modelling practice tries to uncover the

hidden mechanisms underlying the observed non -linear effects in the economic systems

iinsteadyofreating their symptomsod (Forrester, 1958) .

Main building blocks in SD modelling are stocks or resources (Richardson & Pugh 1981;
Forrester et al. 1976; Wolstenholme 1999; J D Sterman 2000b), flows and auxiliary
variables which can involve a quite larg e number of differential/integration and algebraic

equations in only one model, depending on model boundary and complexity.

Understanding the endogenous and exogenous characteristics of organizational and

market complexity, being a source of causal ambig uity, emergent behaviour and self -
organizational dynamics (Morel and Ramanujan, 1999) is well advanced by general

systems theory (Von Bertalanffy 1968; Andrew 2003) and the system dynamics field of

research (Forrester, 1961; Forrester 1995; Radzicki & Ste rman 1994; Richardson &
Pugh 1981; J Randers 1980; Morecroft 1999; Sterman, 2000; Morecroft, 2007). Systems
complexity comes from dynamic components and their nonlinear interactions which cause
emergent behaviour, the reasons for which are hardly obvious. The more complex
interrelations are among the systems internal and external components, the more

ambiguous are the causes of the system behaviour and its self -organizational dynamics.
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System dynamics research has tackled important questions related to str ategy,
organizational behaviour, policy and operations and purposive managerial decision

making as a primary source of market dynamics and performance heterogeneity.

Research also has shown that system dynamics modelling and simulation is able to

account f or the real world information feedbacks, delays, nonlinearities caused by

organization and market complexity and can explain organizational and market

behaviour. Healthcare and pharmaceutical systems are dynamical complex systems and
exhibit nonlinear be  haviour which can be better explained by dynamic modelling

approaches like system dynamics rather than traditional linear modelling (Roberts 2015;

Marshall, Burgos -liz, et al. 2015) In that regard, system dynamics approach can be

appropriate to explore the ERP regulation effect on the pharmaceutical market
system behaviour, which is explained in more detail in chapters 7and 8 of my PhD
thesis.

2.4.1.2 How to do SD

System dynamics methodological framework follows a complex non -linear and feedback
view of the world with accumulation and depletion of resources and time delays. In order

to model complex non  -linear systems, modellers apply qualitative modelling technique

capable to capture their complexity in order to support qu antitative model building or use
them on their own, like influence and causal loop diagrams (Randers 1976; Morecroft

1982; Wolstenholme 1982; Coyle 2000), cognitive mapping (Eden 1988; Eden &

Ackermann 2000; Ackermann et al. 1992; Ackermann & Eden 2010; Hu ff 1990; Eden
2004; Ackermann 2012) ; for example, combin ing qualitative with quantitative modelling
approaches (Howick & Ackermann 2011) like the modelling cascade (Howick et al. 2008)

shows how they can support each other and enhance confidence amon g modellers and
users . CLD are standard approach to SD model conceptualization regarded as qualitative
modelling used on their own and to support the building of a quantitative SD simulation

model. An example of mixed modelling approach like the modellin g cascade (Howick et
al. 2008) consisting of a cognitive and causal mapping framework of influence maps,

formal system dynamics influence diagrams/causal loop diagrams is a specific application

of mixed modelling designed with the aim to facilitate group m odel building and gather
mul tiple perspectives in practice, i . e. to support tF
model when working with clients and build confidence in the modelling process and

output.
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The qualitative tools and quantitative tools app lied in the system dynamics modelling,
like causal mapping and numerical simulation have the purpose to help the modeler to
capture feedback loop processes endogenous to the system, how they are dependent on

the stock and flow structure of the system, and how they produce emerging complexity
and system6s (Sternman y 2001} r

Conceptualizing and building a system dynamics model involve four key stages: CLD,
Stock and flow diagram, Equation coding, and Simulation. The modelling process need to
be iterative following five general steps (Sterman, 2000): problem articulation (boundary

selection), dynamic hypothesis, simulation model formulation, model testing and policy

evaluation. Following Randers (1980) guide to model conceptualization, modeler S need to

follow a conceptualization, formulation, testing and implementation stage. Richardson &
Pugh (1981) and Roberts (1981) view the model building stages as problem definition,
system conceptualization, model formulation/representation, model behavio ur and

analysis, evaluation and policy analysis and use.

All the above three perspectives provide a similar if not the same, logical sequence of
steps for conceptualising, building, validating and use of SD simulation models, but

utilising different term s for each stage.

Foll owing Randers (1980) <classification, the
account for the modeler conceptual understanding of the system components and how

they are influencing each ot her 6s douathtimevdachmiques
like influence/causal loop diagrams which help the modeler also to explore model
boundary and generate dynamic hypothesis for
stage is linked to the quantitative model building, meaning tha t normally a stock and flow
formal diagram need to account for the system structure and for the proper

mathematical interrelations among the model variables, including coding in the model.

S i

r st fi C
t his
mul at.i

The nexto testingod stage i s about nmodéépupasdto br ati on &

prove the proper quantification of the si mul
associated with the simulation application to policy evaluation by doing what if scenario
simulations in order to test previously identified hypo theses and find how variation in key

input variables influences the behaviour of the whole system.

A typology of common behaviour emerging within dynamic systems and exhibited by

system dynamic simulations can be related to exponential growth, goal seekin g, and
oscillation (Sterman 2000; Morecroft 2015; Howick & Whalley 2007; Ghaffarzadegan et

al. 2011; Kunc & Andrade 2010; Luke & Stamatakis 2012). Any of that behaviour is

generated by a simple feedback structure, for example, related to positive/reinforc ing

feedback in respect to exponential growth, or negative/balancing feedback in respect to

ati
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goal seeking, or a combination of negative feedback with time delays in respect to
oscillation. Nonlinear interactions between feedback structures can further produ ceS-
shaped growth, S -shaped growth with overshoot and oscillation, and overshoot and
collapse Sterman (2000). Feedback loops are identified to be inherent endogenous
circular interrelations among system variables responsible for the above described
nonlin ear behaviour. The scientific concept of feedback loops can be associated with
system control theory or cybernetics (Umpleby & Dent 1999; Von Foerster 1979; Von
Bertalanffy 1972) , to become a key endogenous mechanism in system dynamic
approach and system  dynamic modelling and simulation (Forrester 1961; Morecroft
1982; Wolstenholme 1999; Wolstenholme 2004; Barlas 2002; J Randers 1980) .
Feedback is considered to be a key principle in understanding system behavior and in

doing qualitative and quantitative m odelling by SD methodological apparatus

2.4 .1.3 Verification and Validation

Sterman (2000) highlights that since a model is a simplified representation of reality it

can never be validated and building confidence in a model is more appropriate. Criti cally
assessing model s boundary, time horizon, and
modelling purpose is of key importance and all factors relevant to the modelling purpose

need to be captured endogenously in the model boundary.

When making validation tests, modelers need to account for Boundary adequacy,
structure assessment, dimensional consistency, model behaviour reproducibility,

integration validity, behaviour inadequacy, behaviour surprise, sensitivity analysis and
confidence building by summary statistics (Barlas 1994; Barlas 1996; Barlas 1989;
Barlas & Kanar 2000; Barlas & Carpenter 1990) and Coyle & Exelby (2000 ), Coyle (2000)
have introduced model behaviour pattern evaluation through appropriate pattern

oriented measures. Morecroft (20 07) gave a practice example for the application of
model validation and confidence building by performing tests of model behaviour,

including visual and statistical fit; of model structure, including boundary adequacy,
dimensional consistency, and relevanc e to existing knowledge, extreme conditions, and
parameter verification; and tests of learning to explain simulation results and policy

implications.

Mi ngers (2000) explained model wvalidation from a

the philosophy is similar to that of CR (as opposed to positivism) in that it is recognized
that the main purpose is not accurate prediction of what will occur, but in stead greater

learning and under -standing of the causal mechanisms involved in the situation. The
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argument is the same as in CR, namely that social systems are inherently open (although

they have to be artificially closed within the modelling process) and that it is impossible

to properly quantify the various factors and their relationships. This fits well with

Bhaskar's Diagnosi s, Expl anation, Action methodol ogy
1265) According to him, il f t he eadoddediredchahaviourepl i cate t
this is good, although not definite, evidence that the model captures the actual causal

mechanism at work. It is also recognised within SD that the model cannot be proved to

correspond to reality, and that in the validation stage of model building the process will
at |l east partly involve attempts to eliminate or di sfg
1264) .

2.4.2 Agent Based Modelling and Simulation (ABM)

2.4.2.1 Theory behind ABM

According to Axtell (200 1) agent -based modelling compared to traditional approaches to

modelling economic systems could be a more viable approach when there are reasons to

think in terms of agents. For example, when the problem/RQ we need to explore is

naturally represented by a large number of agents which decisions and behaviors which

can be well -defined, exhibit adaptation and change, learning and engaging in dynamic

strategic interactions, and relationships with other agents, can have a spatial component

to their behaviors and interactions. A very important feature of Axtel]l ¢
criteria is linked to the structure of the system which has endogenously emerging

mechanisms governing its future evolution and is not dependent only on the past (Axtell,

2000).

Macal and North (2010) ackn owledge that ABMS could be linked to complex systems

(Weisbuch, 1991) and complex adaptive systems (Kauffman, 1993; Holland, 1995)

theory and exploration. They understand ABM as a set
for implementing computational models o f complex adaptive systemso witdt
reveal origin of self  -organization, emergent phenomenon, and adaptation (Macal and

North, 2010)
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2.4.2.2 Agent  -based Models

The behavioural rules, emergence and adaptation effect of agent behaviour are tightl y

connected with the theory of complex adaptive systems (CAS) which do not have a

controlling centre and a fixed structure, rather they are structurally coupled with their

environment and exhibit a co -evolutionary emerging feature, i.e. as the result of

decentralized bottom  -up decisions and behaviour of individual entities or agents over

time (Guerrero et al., 2016; Macal, 2010; Macal and N
behaviour Ashape and change the state and structure
dynamic changes in the system, which can potentially
(Guerrero et al. 2016).

Agents have decision rules and autonomous actions, and interact with their environment

forming non -linear and feedback effect. (Epstein and Axtell, 19 96; Bonabeau, 2002;

Phel an, 1999; Phelan 2001). Agent s6é decision rules v
linked to a goal -oriented behavior related to achieving a certain individual benefit, guided

by the behavioural principle of satisficing /criteria of accessibility, risk aversion, and

anchoring and adjustment/ rather than maximizing a utility function (Kahneman, 1979)

due to their bound rationality and incomplete knowledge (Simon, 1959; Jennings et al.,

1998) and unequal distribution of information (Ake rlof, 1976; Stiglitz, 2000).

Interestingly, according to Phelan (1999) when agents coordinate their decisions to

achieve common goals, a ficollective intelligenced phe
Schieritz, N. (2002) the building blocks of AB modelling a re the individual agent, agent

behavioral rule, inner and intra agent feedback connection, adaption of agent behaviour,

inductive inference from individual agents®6 behavior
continuous time frame. The agent pattern of beha viour or schema is fia cognit
structure that determines what action the agent takes at time t, given its perception of

the environmento (Anderson, 1999) and can change or €

agent environment.

2.4.2.3 How to do ABM

Macal and North (2010, 2007, 2014) give the relevant structure of an agent -based
model, which a modeler needs to account for when identifying, modelling and
programming to create an ABM: il. A set of agent s, tr

set of age nt relationships and methods of interaction: An underlying topology of
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connectedness defines how and with whom agents intera

Agents interact with their environment in addition toc

From a practical modelling sta ndpoint, they consider agents to have the following

essential characteristics:

0 Anagentisaself -contained, modular, and uniquely identifiable. Agents have
attributes that allow the agents to be distinguished from and recognized by other

agents;

0 An agentis autonomous and self  -directed. An agent can function independently in

its environment and in its interactions with other agents;

0 An agent has behaviours that relate information sensed by the agent to its
deci sions and act i ons . ngomesdahgoagh intéractionsrwithor mat i o
ot her agents and with the environment. An agentaoés
anything from simple rules to abstract models relating agent inputs to outputs

through adaptive mechanisms;

0 An agent has a state that varies o ver time. Just as a system has a state consisting
of the collection of its state variables, an agent also has a state that represents

the essential variables associated with its current situation;

0 An agent is social having dynamic interactions with other agents that influence its

behaviour;

o0 An agent may be adaptive, for example, by having rules or more abstract
mechanisms that modify its behaviours. An agent may have the ability to learn

and adapt its behaviours based on its accumulated experiences;

o0 Anagent may be goal -directed, having goals to achieve (not necessarily
objectives to maximize) with respect to its behaviours. This allows an agent to
compare the outcome of its behaviours relative to its goals and adjust its

responses and behaviours in futur e interactions;

0 Agents may be heterogeneous. Agents may also be endowed with different
amounts of resources or accumulate different levels of resources as a result of

agent interactions, further differentiating agents.

In relation to the simulation mode lling exploration of the ERP effect on the
pharmaceutical resource/agent system, the above list of agent features will refer to the

adaptive behaviour of pharmaceutical companies in response to the ERP regulation, and
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the behaviour of other agents included in the simulation model. More will be explained in

the relevant chapters on qualitative and quantitative modelling.

According to Macal and North (2010), fAa theory of age
contexts the agent encounters in the model is need ed to model agent behaviour. A

modeller may apply a behavioural model if there is available empirical data to support

the application, relevant to behavioural framework and empirically based heuristics (Sun,

2006). In that regard behavioural decision theor y (Kahneman & Tversky 1979) and

anticipatory systems theory (Rosen 1978; Butz & Pezzulo 2008) can greatly enhance

ABM application (explained in Chapter 8 and Chapter 9).

2.4.2.4 Verification and validation of ABM

Verification and validation of ABM nee d to be connected to the theoretical, conceptual
and operational criteria for agent -based modelling and simulation. Heath et al. (2009)
provide useful generalization regarding ABM validation, with two main stages: conceptual
and operational validation, whe re the built conceptual model needs to correspond to the
applied system theory and behavioural criteria and the obtained results from the

simulation runs need to be consistent to real system behaviour.

Bonabeau (2002) accentuated that validation and calib ration needed expert judgement,

while Ormerod and Roswell (2009) talk about model replication, model explanation, and

outcome explanation and that HAbehavioural rules shoul
evidence from outside t he ™atidnanetbodologicaldrantewark ABM v a |
developed by Klugl (2009) included the following stages: conceptual and implementation

verification of a runnable model through face validation, sensitivity analysis of a plausible

model, model calibration and statistical v erification.

In relation to the ERP focus of my PhD research, the validation framework needs to build
confidence in pharmaceutical system stakeholders that the AB modelling and simulation
approach is theoretically sound and can provide conceptually and operationally true
representation of market agents cognitive and behavioural model in regard to agent

decision making and action routine.

2.5. Integrating system dynamics and agent - based modelling
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Although main terms in theories supporting SD and AB modelling coincide like system,
emergence, dynamic, nonlinear, adaptive and hierarchy etc., the practical apparatus of

the first is focused mainly on "confirmatory analysis" from the perspective of problem

solving and generating consensus for system improve ment, the practice of the second is

focused mainly on exploratory research of the emerging properties of the system (Phelan

1999).
Further comparing the above two modelling frameworks, a key limitation of the SD
approach, is that stocks and flows are rela ted to the quantity rather than to the quality

and that SD models have fixed structure and lack of capability to modify structurally and

to adapt their levels, rates, and equations in response to environmental change (Phelan
1999); (Schieritz 2002; Schieri tz & Milling 2003), which is one of the distinctive
capacities of agent -based models, which by their nature consist of a set of autonomous
or semiautonomous agents (Parunak et al. 1998; Macal 2010; Axtell et al. 2001,

Bonabeau 2002). Following the above, S chieritz (2002) advocated for an approach of
integrating system dynamics and agent -based modelling comparing the two modelling

frameworks and finding room for complementarity and enrichment between both (Table

2.5.1).

Principle System Dynamics Agent -Based Modeling

Building block: Feedback loop Individual agents connected by
connecting behavioral feedback loop
variables

Object of interest: Structure of the system Agentso6é rul es

Research approach: Deductive: infer from Inductive: infer from individual
structure to  behavior agent s6 behavior t

behavior

Development of Structure is fixed Agentsdé rules can

object of interest

over time:

Handling of time: Continuous simulation Discrete or continuous simulation

Table 2. 5.1 Comparing the two frameworks

Schieritz and Milling (2003) brought further in the debate of integrating SD and AB the

met aphor of fmodeling the forest or modeling the tree
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integrating approach would need to take con cern about modelling the whole picture, and
not concentrate on micro only or macro only level. A call for joint research between

agent -based and system dynamics modeling by Scholl (2001) proved to have quite an

effect among the modelling community recently accounted by (Guerrero et al. 2016).

Schol | (2001) made a point that @ARather than benefiti
disciplines (agent -based and System Dynamics modeling) ignored
al most entirelyo, whilheermbeiehgnmatechmogques, and ar gue

and SD joint research may have the capacity for delivering results superior to those

based on one technique only. o

Holland & Miller (1991) viewed scientific models as either linguistic or mathematical, and
pointed out the high level of flexibility of the first and the rigor in formulation and
structure of the latter, which could be taken as relative strengths and weaknesses,
naturally supporting more constructivist or positivist research frameworks, depending on

theresearcherds fiontol ogical and epistemol ogical vantac

Agent -based modeling focuses on agents interacting by following rules and rule routines,
discovered by observation or by reverse direction of study, following an inductive
approach , while dynamic systems are deductive having feedback structure which
differentiates the level of system analysis in both approaches into looking for leverage
points in rules and agents in the former, and in the feedback structure in the latter (

Scholl 200 1).

Stock and flow structure in  SD paradoxically could not be dynamic but remain static; it

could not change and could not be capable of emerging behaviour and flexibility like the

ABM (Hans J Scholl 2001; Schieritz 2002; Guerrero et al. 2016a; Schieritz & Milling

2003); ABM could contribut e, having that capability, by integrating the agent rule

following behaviour into the SD modelled environment. However, one way to bring in

figualityo and flexibility within the SD models struct
agents interact with stocks and flows, i.e., by integrating each modelling paradigm with

one another. This can allow the agent decision/action routine and agent attributes to

interact with inflow and outflow rates of stock accumulation and depletion, and can

transf er ag e etapabilitydodsappart stucture changes by reordering, inclusion

of new and/or elimination of predefined stocks and flows to account for emerging

structural flexibility (Guerrero et al. 2016a; Schieritz 2002; Schieritz & Gro ssler 2003).

A paper on the theme on integrating SD and AB modelling and simulation , authored by
Guerrero et al.  (2016) interrogates about the potential benefits of integrating both
methods and about what theory can unite and support that integration . They agreed with

Macal (2 010) and Scholl (2001) that differential features between both in scope, focus on
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system or on emergent behavior, aggregation level and the AB capacity to explore
heterogeneity and spatial variability, make each paradigm more suited to different

situatio ns. The authors positthat, although SD and AB differ in capacity to model

continuous aggregated and discrete disaggregated system states , physical space,
topographies, and network structures; stochastic & deterministic phenomena , learning
and adaption , combining or integrating both can prove beneficial
components discretely and in a disaggregated fashion, whi le other components can be
modelled continuously and in an aggregated fashion, based on the different system

characteristics and the specific model purpose 6 @uerrero et al. 2016). For example, in
complex adaptive systems, where resource flows behaviours are simulated continuously

and agents activities follow a discrete pattern, their interactions will require a hybrid SD -

AB framework in order to grasp the internal dynamics of the modelled system.

In this way, a hybrid SD/AB model facilitates the def inition of appropriate levels of
aggregation for each component of the system and can be particularly relevant when the
modelled environment contain configurations of agents and resources interactions
(Popkov & Garifullin 2007; Borshchev & Filippov 2004; K olominsky -Rabas et al. 2015)
Furthermore, for many modelling problems, a combination of SD and AB can reduce
computation times, provide the strategic overview characteristic of SD, while still
capturing relevant elements of the individual heterogeneity and stochasticity of entities
and processes (Guerrero et al. 2016a) Depending on the modelled environment resource
or agent like features, one or the other modelling and simulation approach could be
regarded as being more appropriate. However, in resource/age nt symbiotic environment,
natural hybridization of the modelling approach could be argued to bring further benefit
for the complementarity in the macro and micro treatment of the system elements (Hans
J Scholl 2001; Schieritz 2002).

Another potential adv  antage of combining SD and AB is that this can be seen as a way to
enhance the capability of SD models to cope with spatially explicit problems like
movement of agents and/or resources in the geographical environment from one place to
another (Popkov & Gar ifullin 2007; Borschev 2008; Borshchev & Filippov 2004;
Borshchev 2007; Viana 2015; Djanatliev & German , 2015 ), i.e. mobile technology
response to cardiovascular patients, drug manufacturers supplying different local markets
in EU, drug distribution networ k, and other. The resulting models permit arranging
agents in a spatial or network structure, while integrating important properties of SD,

such as continuity and non  -linear multi -loop feedback. This approach can be refined
when the individuals are mobile and consequently the spatial dimension becomes
dynamic, like in supply chain and distribution networks. Besides this, it is possible to use

multiple SD sub -models to create different properties across a spatial grid. As a result,
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individuals interact with different SD sub -models depending on their position (Vincenot et
al., 2011). Agents can plausibly even interact with more than one SD sub -model at a
time when their decision/action routine need to influence the stock and flow dynamics in

parallel in diffe  rent sub system structures.

Looking for a typology of mixing both methodologies, different generalization can be

found one of which made by Swinerd and McNaught (2012) after Shanthikumar and

Sargent (1983), which differentiated three classes depending h ow SD or AB models

interact: i1/ A sequenti al cl ass, i n which the outcoc
the next module 2/An interfaced class, which includes non -sequential combinations of

modules that do not influence each other but combine their in dependent outcomes to

produce the model outcome; and 3/ An integrated class, in which modules and even

mod el outcomes provide feedback to one anothero.
Another typology made by Vincenot et al. (2011) identified four typical SD -AB structures:
il/ AB santgemactig within their SD module T environment, where emergent

properties from the AB module can dynamically parameterize the SD module; 2/ AB

agents containing SD modules that determine their dynamic decision rules and spatial

structures, and 3/ indiv. iduals interact with an environment made of more than one SD

modul e, depending on the agentdéds position and-the SD

ABM model swapping. oo

Different classifications for mixing SD/AB modelling and simulation, like the above, a re
developed to account for the way both methodological approaches interact (Swinard and

McNaught, 2012 ) or are structured (Vincenot et al. 2011 ), whether in a sequential,

independent or in an integrated mode. More flexible would be to regard the combin ation
of both modelling paradigms as hybrid which is a broader term not restricting

combinations to a narrower scope, due to the fact that model elements can communicate

between , depending on the level and degree of combination among the multi -paradigm
mod el architectures, being they on macro, micro or middle dimension (Borshchev and

Filippov, 2004).

Morgan et al. (2017 ) provide a review of different ways how SD and DE methods can be
mixed, and generalised a framew ork of five designs for using simula tion methods
together: "parallel design”, "sequential design", "enrichment design", “interaction design"
and "integration design". This framework can be used also for supporting the joint use of
SD and AB methods.  Another classification can be linked t o the representation of
modelling process being continuous, like in SD, or discrete, like in AB, and that mixing
different approaches means hybrid integration of continuous and discrete event

behaviors systems according to Popkov and Garifullin (2007).
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Le Khanetal. (2021) provided arecent review onthe SD and AB combination
approaches. Their generaliz ation include the following  types of hybrid designs : parallel,
sequential , interaction, integration and enrichmen t. According to the authors , the first

type occurs when both modules do notinteract, the second one i when modules interact

only once, the third one T when modules interact multiple times and operate
independently , the fourthone 7 when modules interact multiple times but cannot operate
independently, and the fifth one T when one module dominates over another.

No matter of what classification is followed, the goal of SD and AB combination seems to

be related to the creation of more "accurate" (Ghaffarzadegan et. al, 2011) hyb rid

models (Djanatliev & German 2016; Lattila et al. 2010; Roberts 2011) in respect to

capturing different levels of systemic granularity from quality (agent decisions), and

guantity (resource flows) perspective. "Accurate” here means that hybrid method

combinations have the capabilities to capture better the behaviour of the simulated

systems and their components due to their enhanced technical apparatus.

Ghaffarzadegan et al., also talk about oOaccurate repr
systems, regarding comparing simulated vs real Opatternd of be
(Ghaffarzadegan et al. 2011, p.p. 29 and 30).

2.5.2 Hybrid modelling and simulation application in pharmaceutical policy and

regulation
A lack of broad hybrid system dynamics and agent -based modelling practice in
pharmaceutical market systems, policy and regulation, and a growing need for

application of dynamic  simulation methods,  publicly announced by Roberts (2015) have

been charting the boundary of a widely underexplored territory. One of the few hybrid

system dynamics and agent  -based models recently provided in Djanatliev et al. (2012;

2014) was focused on Prospective Health Technology Assessment (ProHTA) approach

with the aim to explore the effects of new i nnovations early before the fex
ri sky development phase begins. o They have consider €
feconomic prognoses and/or impacts on patientés heal't
technology be optimized prospectively after the obse rvation of simulated effec
AWhat innovation is required t o. Similarly,imy@h® projected out put
can further contribute to prospective policy evaluation questions . For example, how a

price regulation policy can be optimized prosp ectively by simulation. And what specific

interventions are needed in order to a achieve a policy goal of equitable access,

availability and affordability of drugs in the EU local markets.
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In their model they identified four modules as important ones whic h have conceptual
relevance to my ERP modelling project: Population Dynamics; Disease Dynamics; Health

Care Delivery; Health Care Financing. Djanatliev et al. (2013) experimented with

extending their proHTA model to combine system dynamics, discrete -event and agent -
based simulation by adding a middle layer due to the need to model the workflow of a

mobile unit, providing an intermediate link from the micro agent level to the macro

environment modelled by system dynamics. The above hybrid methodological

conc eptualization could be extended and analogically applied to pharmaceutical pricing

policy and regulation having in mind the critical role of the pharmaceutical products for

the health outcome of a medical treatment. To that goal, pharmaceutical product flo w
and pricing dynamics need to be naturally connected to drug supply and demand factors

along the pharmaceutical distribution chain.

In relation to the need of developing further a hybrid /multi -methodological paradigm/

modelling framework, Lynch et al. (2014) proposed a multi - paradigm modeling

framework (MPMF) for modeling and simulating problem situations . The benefit of the

framework relates to identifying dAdifferent | evels of
micro)o which are | i nk e dingtparadignhsen order {o eombine thenmo d e

for a more comprehensive modelling of the problem sit

hybrid modelling community practical and theoretical implications (Roberts 2015;

Marshall, Burgos -liz, et al. 2015; Djanatliev et al. 2012, 2013, 2014; Borschev and
Filipov 2004; Popkov and Garifulin 2007) . Complex system behaviour can be grasped and
reproduced better by  a holistic and comprehensive (Rosenhead 2006; Ackermann et al.
2014) approach than by requisite one due to the purpose of the latter to approximate

and simplify complex interactions (Phillips 1984).

Further, Lynch et al. (2014) argued that multiparadigm modelling offers benefits over

single modeling because it allows interactions representation of system e lements at all
levels of granularity, by the most appropriate paradigm . That approach provides means
for reducing approximation of system elements and their interactions, thus increasing the

level of correspondence between the model and the modelled envi ronment.

Table 2. 5.2.1 provides a categorisation of SD and AB papers according to main topics and

key gaps that have been identified, connected to their approaches to treating their main

research questions. These gaps, while related to methods applied, could produce results
and recommendations which could not take a comprehensive account of the complex

adaptive system behaviour. This in turn, could provide support for policy decisions which

do not fully reflect the system characteristics and thus could n ot provide optimal path for

policy action and implementation  (depending on specific policy objectives).
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Table 2. 5.2.1 Analysis of the reviewed research on system dynamics and agent

based modelling
Main topics
SD: Application of system dynamic
approach to the evaluation of
pharmaceutical policy scenarios, related
to:
o High drug prices in public hospitals
in China (Lietal. 201 4 )
0 Level of public reimbursement
(Kazakov and Petrova, 2015)
o Drug policy scenario simula  tion
(Kunc and Kazakov, 2013)
0 Market competition structure and
product launch pricing  (Kazakov
and Kunc, 2015)

o High medicine price, price fixing
due to doctor induced demand
(Zhu et al., 2006)

ABM: Application of agent modelling and
simulation for the exploration of

pharmaceutical policy:

0 Scenario analysis of public
financing (Megido et al. 2015)

o Incentives for behavioural change
related to overuse of high priced
medicines or underuse of lower
priced generic drugs ; Evaluation of
financial incentives for
cardiovascular drugs utilization
(Tang and Rosen, 2014)

o0 Chronic health clinical and poli cy
relevant analytical review and
recommendation for future work in
CVD to include modelling the effect
of drug therapy  (Lietal. 2016)

Key gaps inthe methods used

Lack of account of market agent

behaviour and decision routine

Limited theoretical support from a
resource/agent behaviour

perspective

Lack of account for agent interaction
with and competition for system

resources

No theoretical support from
theoretical  frameworks , including
resource/agent behaviour

perspective
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DE: Application of DE simulation Lack of account of system agents

modelling to pharmaceutical pricing policy decision pattern, and agent/resource
and agent/agent competing

Scenario analysis of external reference in teractions

pricing regulation (Toumi et al, 2014)
Lack of theoretical support from no
theoretical  framework , including

resource/agent behaviour

perspective
Hybrid: Application of hybrid SD/AB Limted account for the ag
simulation modelling behavioural decision rules in

connection to agent resources
Prospective HTA for mobile stroke units interaction
(Djanatliev et al. 2014)
No theoretical support neither from a
chosen theoretical framework , hor
from a resource/agent behaviour

perspective

2.5.3 Research Gap Analysis

In regard to the ERP regulation analysis, m ain findings are , that neither system
dynamic nor agent  based modelling and simulation approaches have been applied , and
no theoretical framework support has been used anywhere, regarding treatment of the
pharmaceutical system and ERP from a resource/agent behavioural interaction

perspective. No exploration of regulatory and market contextual interference on the ERP

effects , and no comprehensive scenario analysis for the ERP regulation evaluation have

been performed.

Analyzing the methodological application related to each pharmaceutical pricing

regulation theme covered in the published papers above, there emerged a variety of
important topics which appeared that have not been treated by any dynamic simulation
modelling approach (Figure 2. 5.3.1) alone or in combination. Application of such methods
is advocated by Roberts (2015), Marshall et al. (2015a) and Marshall et al. (2015b) to be

more appropriate to the treatment of complex health care delivery systems. High
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relevant research questions pertinent to local and global (EU) pharmaceutical pricing

regulation, which exploration can benefit by SD, AB and hybrid modelling are related to

product price competition in an

INN (MO LECULE NAME) or branded market, with or

without product substitution legally allowed, internal reference pricing and generic

competition, price linkage between the original reference and new generic product,

differential pricing, fixed co

- payment effect on

product price, parallel trade, price related

payback effect, tendering etc. In addition, external reference pricing (ERP), induced

demand, price co -payment, product pricing, drug budget efficiency and pricing policy

mix, have been examined by a very few d

ynamic modelling applications from only one

methodological point of view (exhibiting limitations in scope, in technical capacity and in

comprehensive perspective), and could further benefit from hybrid methodological

approach which can bring opportunity fo

Price
competition in

high product
price, induceg

r enhancement and enriched RQ exploration.

pharma policy

an INN market demand mix (time -to- ]
market, price
Price duct
competiton produc
with or without price co- Launch
%) generic payment pricing /
Q substitution product
S o ERP ERP
= Price linkage .
S tool mix
© Mandatory
I43) product
0 price discount ERP T ici
0 one pricing
© Parallel trade country ,
o effect on price co- Hyb”-d
—g product price payment / modelling
> ublic gap
p
P Co-payment funding
effect on 7
product price N\
Price
negotiation
T T T
Topic gap DE SD AB Hybrid
Figure 2. 5.3.1 Modelling and Topic Gap Map
Legend: On the y axis is the number of research papers using DE, SD, AB or hybrid
simulation modelling (these methods are shown on x axis, which includes al S0 "topic
gap"). The papers selected through the literature review are mapped on the figure
against the two axis  in blue circles, which  are meantto show their number , main
research topics and simulation methods  used . The dotted line circles mean that the se

papers use one and the same simulation model to perform different analysis. Topics
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included in the "Topic gap" box have been identified through the literature review as
important but have not been treated with dynamic simulation methods. Arrows show

whi ch topics relate to the hybrid simulation gap.

However, a key gap regarding the evaluation of the ERP policy effect on equitable access

to affordable medicines treatments on the EU markets, and medicine availability and

affordability comes out of the fact that hybrid quantitative modelling and simulation

approach to ERP policy evaluation has not been applied . Neither there has been applied

any hybrid or individual qualitative modelling or mapping methodology. There has been

applied no SD or AB modelling and simulation, and no theoretical framework support has

been used anywhere, regarding treatment of the pharmaceutica | system and ERP from a

resource/agent interactive behaviour (Table 2. 5.2.1). Regarding the ERP subject

exploration, no exploration of regulatory and market contextual variation interference

and mediation effect on the ERP has been made, neither any explor ation for a flexible

ERP regulation adequate to the local context. The importance and expected contribution

of my PhD project will be related to the use of these approaches to address the

comprehensive evaluation of the ERP regulation, and to address also the above

mentioned multi - methodological gap, pharmaceutical pricing policy modelling gap, and

the External reference pricing (ERP) modelling evaluation gap. This supports the need for

concentration on and exploration of the following RQ (introduced in the beginning: A Wha't
are the effects of External Reference Pricing on EU pharmaceutical market systems in

relation to equitable access to, availability and aff

and AB hybrid methodological approach.

The exploration of th e RQ will focus on main challenges, accentuated by the European

Council report:

o0 ERP effect on time delay in launching medicines (drug access criterion)
o ERP effect on excessive pricing of medicines (drug affordability criterion)

o ERP effect on shortages of  medicines (drug availability criterion)

Analysing the effects of the ERP in regard to medicines availability (market delays and
withdrawals), and affordability (high prices) requires taking account of system

interactions among main resources and resource flows, and main agents behaviours.
These are medicines stocks and supply chains on the local market, public budget

resources and out of pocket money flows on one side, and on the other, market agents

like companies making launch and price decisio ns, like prescribing doctors and buying

patients.
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In this respect , the treatment of the above RQ and related specific questions will  require
the application of an integrated conceptual ( qualitative ) and quantitative AB and SD
modelling and simulation methodology , which can support comprehensive  policy

evaluation and optimal policy decision making.

In relation to the need of more "accurate" modelling practice (Ghaffarzadegan et al.

2011) in hea Ith care and pharmaceuticals, Roberts (2015) argued that complex systems
like health care may need hybrid modelling and simulation approaches in order to be
represented more "precisely”, and that dynamic simulation methods had enormous

potential to improve  the efficiency of healthcare systems.

Policy decision makers need to understand complexities of the health care system

context emerging from the agent and resource interactions. Improving the efficiency of

health care including pharmaceutical complex sys tems would require dynamic simulation
modelling approach to the evaluation of health care policies and anticipation of

interventions effect, because agents have adaptive nonlinear decisions and actions

changing over time, affecting resource levels and reso urce structures Marshall et al.
(2015a).

Health care delivery systems including pharmaceutical sub systems and supply chain

processes, have abundance of feedback, resource accumulations, resource flows, and

time delays features in addition to autonomous and interacting agents. Hybrid modelling

and simulation experi ment atiifocmn poltihcided fear ngr diwihche a
learning apparatus for assumptions testing, and anticipation of the effects of different

system scenarios (Ghaffarzadegan e tal. 2011; Kunc & Kazakov 2013; Kazakov & Kunc

2016; Kazakov & Petrova 2015; Marshall, Burgos -liz, et al. 2015; Marshall, Burgos -Liz, et
al. 2015)
I n that way policy decision makers are enabled fAto ar

unforeseen interactions in the system (emergence) and become prescriptive in nature,
such that the models prescribe what actions/interventions to take, on the basis of

scenarios tested through experimentso (Marshall et al

Chapter 3 Philosophical paradigm

Chapter 3 pre sents a philosophical paradigm and its ontological adequacy from the
perspective of the intended research on pharmaceutical systems. Pharmaceutical market

and pricing regulation could be understood as a socio -economic and politico  -regulatory
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reality with i mplicit (not directly manifested) and explicit market dynamics, in which
structural and emerging characteristics are being constructed by the interrelations among
agent and resource structures involved in that system. A critical realist philosophical

parad igm brings an alternative to the competing positivist and interpretivist related

research methods and grants a larger ontological and epistemological field for the

exploration of the emerging behaviour of complex pharmaceutical systems and the

understan ding of their internal dialectics, in relation to competitive agent/resource

interrelations.

3.1 Philosophical Paradigm of the PhD project

Critical Realism (CR)/Dialectical C ritical Realism (DCR) (Bhaskar 1989; Bhaskar 1998;
BHASKAR 1978; Collier, 1994; Mingers 2000; Mingers 2006) provide the philosophical

means for bridging the ontological and epistemological dichotomy between the extremes

of positivism and interpretivism by overcoming their diale ctical conflict. It provides an
ontology of the real/actual/empirical, which corresponds to the complex socio -economic
constantly evolving reality being an open system with non -linear emerging properties

(Kauffman 1995; Anderson et al., 1999).

CR/DCR pa radigm explains the real world as being stratified into different unified

dimension s. These dimensions are  the deal 6 which exists but could be not active, i.e.

latent and hidden from the observer; which could be @ctual dbut still unobservable like

under lying interrelations growing to emergent properties of a complex adaptive social

system; and which could be d&mpirical §i.e. having observable characteristics. CR/DCR

admitst hat knowledge of the real could be intermediated
interpretatio n, values and beliefs . This approach builds on critiquing both positivist and
interpretivist/constructivist ontology and epistemology to create a new philosophical

paradigm, which takes into account that the previous two are not capable to comprehend

the s ocial realism in a full holistic perspective.

According to Gorsky (2013), CR fiis 606realist-66 in the

independent 66 nature as a fundamental &éd6condition of
isalsorealistinthe o66critical 66 sense that it sees science as
inevitably mediated (if not determined) by GRuman | ang

examines the relationship between science and ethics
meaning that th e scientific enquiry is not value free, which relates to the key idea of
changing the reality for the better. According to Bha

a systematic connection between inaccurate beliefs and oppressive social structures, then
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one has not only explained the beliefs but also supplied a motivation for changing the

structures. One has made the |l eap from facts to val ue
social world around is relevant to the idea of the role of the public (health care and

pharmaceutical) regulation to balance the interest of the public against the private

economic interest, hence the need of regulatory change when it could not fulfil its public

goal. Regarding pharmaceutical and healthcare regulation, ensuring equality of ac cess to,

affordability and availability of medicinal treatment and medical care are their ultimate

purpose.

Bhaskar dialectic provides a relevant explanation of how complex social adaptive systems

behave in relation to distinctness of resource structures in time; interacting agents

across time; relations within and between agents and resources in systemic terms; and

reflection for action, which have provided a reference point for a CR ontological and

epistemological approach to complex adaptive systems res earch (Mingers 2000; Mingers
2006). Neither the dominant positivist/functionalist paradigm, nor the interpretivist one

could be able to philosophically sustain the modelling of complex socio -economic systems
and their dialectical interrelations (resources, agents, flows dynamics, cognition/decision
making rules and patterns of behaviour bounded by information imperfections, and the

emerging/emergent properties of the whole interrelated system);

According to the above, an ontological and epistemological per spective like CR/DCR
which can encompass the different layers of reality / Geal § @ctual 6and d&mpirical §, would

be relevant to support the explanation of complex socio -economic adaptive systems.

3.2. Pharmaceutical market systems from CR point of view

Another reason for the hybrid integration of both approaches is not related to their

technical capac ity to handle resource systems on one side and agent systems on another,
but to the contextual representation of pharmaceutical markets as systems consisting of
agents competing for limited resources. Naturally, a new guiding principle for the need of
SD and AB modelling and simulation integration can be formulated to be linked to

agent/resource rival symbiotic systems .

Pharmaceutical market eco  -system viewed from the CR/DCR perspective could be
understood as a socio -economic and politico -regulatory re ality with implicit (not directly
manifested) and explicit market dynamics, which knowledge about its structural and

emerging characteristics is being constructed by the interested social groups involved in

that specific eco -system (system containing sub -systems of resources and agents like

government health care administration/policy makers, pharmaceutical original and
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generics industry, doctors and pharmacists, and patients groups, all being key actors and

deci sion makers infl uenciomdehaviodr and flow of eesotireed). cogni t i

Figure 3.2.1 exhibit the ontological paradigm interrelations in terms of explaining the

complex characteristics of the pharmaceutical market environment and the

pharmaceutical policy evaluation research framework. In brief, the Pharmaceutical

Market Eco -System contains N in number sub -systems of resources and agen
interrelations which produce its complex (independent from the observer) emerging

Reality 8 ( Fi g u r.¢ow@ver?thelnature of the knowledge about tha t QReality dis
mediated by the cognitive prism of the actors (stakeholder groups) involved in its

(Reality § formation and unfolding. As the economy and markets are not perfect in

relation to the information available (prices, product quality, etc.), all individual and
group agents interact within an information asymmetry/inequality environment which can

lead to Arrow's agency related phenomena (interest seeking behaviour or "moral

hazard") and adverse selection (selection of less efficient choices) of alt ernative decisions
(Arrow, 1976 ; Stiglitz, 2000 ).

The pharmaceutical market environment is characterised with scarcity of and dependence
on available resources (budget, in -patent or off -patent medicines, qualified workers,
distribution channels etc.) whi ch is central for the dialectical relations between the socio -

economic agents both from macro and micro perspective. In addition, agents make

decisions which affect reality . Their decisions are  constraint by bounded rationality, and
influenced by the expec ted future result of their alternative actions , Anticipatory  Systems
Theory ).

CR and further DCR provides a relevant philosophical environment for supporting the
conceptualisation of  pharmaceutical systems as complex social adaptive systems
consisting of changing resource structures and interacting agents in time, and the need

for a nalysing such systems in a critical way.

This philosophical paradigm offers ontological perspective for the theoretical framework
supporting the hybridisation of SD and AB methods, which is further described in the

next chapter 4.

75



Figure 3.2.1

Pharmaceutical Market Economic System with CR/DCR perspective
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Chapter 4 Theoretical prism: Enhancing the
theoretical framework behind the integration of System
Dynamics and Agent Based modelling for use in
pharmaceutical systems

Chapter 4 brings further explanation regarding the rich theoretical prism employed with

the aim to clarify the theoretical argumentation for the hybrid modelling and simulation
methodological framework applied t o the exploration of the research question. Important
concepts and economic behavioral phenomena central to the PhD project, like resources,

agents, and imperfect information are clarified through the lenses of the Resource -based
Theory, Resource Dependenc e Theory, Complex Adaptive Systems, Anticipatory Systems

Theory, and Behavioral Decision Theory.

4.1 Introduction

A novel view for an integrative SD and AB modelling framework, ontologically connected
to CR principles, explained in previous chapte r, for use in pharmaceutical systems is

proposed here. This is centred around the key concepts of resources and agents, and is

supported by the theoretical perspectives of resource -dependence theory and resource -

based view, behavioural decision theory, and anticipatory systems theory.

The effort to bring together in a unified theoretical prism , theories related to SD and AB M

foll ows the idea that fAalternative theoretical frameuv
multimethodology design need to be inves tigatedo (Mingers & . MBisockI|l esby
ideais rel evant to the challenge of fiborrowing and devel

understanding of problem structuring practiceo (Acker
chall enge of fAdevel opi ng nefxfiencgt invedAtipomdescoetdlur e f or
2014; Howick et al. 2008).

Research has been recently developed in the direction of the above challenges

(Ackermann et al. 2014 ) but in relation to the integration of SD and AB modelling there
hasno6t been ammentindevalopimg@ common unified theoretical frame behind
the practice of the hybridization of both methodological approaches, capable to inform a
generalized procedure for their effective mixing and integration. An initial discussion on

their common a nd distinctive features , and benefits of combination of both methods has
been put forward by a  few researchers (Phelan 1999; Schieritz & Milling 2003; Schieritz
2002; Hans J Scholl 2001; Guerrero et al. 2016b).

77



Howick and Ackermann (Howick et al. 2008) al so have identified the need for a good

conceptual perspective and good theory supporting the practice of mixing OR methods by

stating a need for: i...development of concieptual fra
ensuring that Lewinds (el94s6)novtiheiwi gt haast poréatchteircal as ¢

be applied to the combination of different OR methodological frameworks.

The chapter focuses on developing a multitheoretical prism in support of combining SD
and AB methodological techniques into a unified hybrid modelling and simulation
research apparatus for the exploration of complex adaptive socioeconomic systems of

resources and agentsd6 interactions.

The resource/agent integrated conceptual framework proposed here contributes to the
above outlined cha llenges and to ongoing efforts of the modelling and simulation
community to develop an enhanced epistemological paradigm in support of the
integration of SD and AB methodological approaches. Another practical contribution is the
application of the conceptu  al framework to the call of the European Council for a
systemic evaluation of the pharmaceutical regulation in EU and associated
pharmaceutical market system effects, and specifically to my research question regarding
ERP systemic effect evaluation on equi table access, affordability and availability of

medicinal products.

The novel view for a joint SD and AB modelling conceptual framework furthers the

ongoing calls and research (Guerrero et al. 2016a; H. Scholl 2001; Schieritz & Milling

2003; Schieritz et al. 2004) is proposed to be conceptualized through the theoretical
perspectives of resource  -dependence theory and  RBT (Jeffrey Pfeffer & Salancik 1978;
Hillman et al. 2009; Wernerfeldt 1984; Barney 1991; Peteraf 1993), behavioural decision
theory (Kahneman & Tversky 1979; Kahneman 2003), and anticipatory systems theory
(Butz et al. 2007; Pezzulo 2007 Rosen 1985; Louie 2010).

Each of the above theoretical perspectives provides different knowledge and explanations

of socio -economic phenomena and integrating them provides a more holistic view for
critically exploring and interpreting market resource and agent interrelated behaviour.
Conceptualizing the pharmaceutical market as an anticipatory adaptive socio -economic
system emerging out of esapeforwasdo -lobking behagidun, competind
for limited resources within an informationally imperfect market environment, would

further complement the general systems and complex adaptive systems theoretical

frameworks underpinning the practical integratio n of SD and AB modelling approaches.

4.2 Agents/resource conceptualization of complex adaptive systems
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There is increasing attention to the conceptualization of health care and pharmaceutical

markets as complex adaptive systems in the academic and pract ical world (Marshall,
Burgos -Liz, et al. 2015; Sterman 2000; Kunc & Kazakov 2014; Kunc & Kazakov 2013;

Kazakov & Kunc 2016a; Kazakov & Petrova 2015; Roberts 2015; Mahsa Keshtkaran

2015; Homer & Hirsch 2006; Hirsch et al. 2010; Wolstenholme 2009) . However there are
not many studies that identify how policy makers in the health care , and pharmaceutical

field in particular , may understand how to influence, regulate, and manage healthcare

markets as complex systems of competing agents in an imperfect e nvironment of
constraint resources with the purpose to balance the interests of all stakeholder groups ,
in parallel with maintaining economic and social sustainability (Marshall, Burgos -liz, et al.

2015; Marshall, Burgos  -Liz, et al. 2015; Hirsch et al. 201 0; Diaz et al. 2015; Luke &
Stamatakis 2012; Li et al. 2016; Djanatliev & German 2013; Djanatliev & German 2016).

This research argues that health care and pharmaceutical markets must be viewed as

complex anticipatory adaptive socio -economic systems (Ho lland 1992; Kauffman 1995;

Dool ey 1996; Anderson 1999), emerging out of agents?®o
looking behaviour, competing for limited valuable resources within informationally

imperfect market environment.

The m ain elements of health care and pharmaceutical systems are the related market

resources (e.g. public budget, drug stock volume, drug price); agents (e.q.

innovative and generic drug companies, government, doctors, pharmacy units and

patients); and the level of information imperfection. Any of the above system

components and their qualitative and quantitative features , and behaviour ,is explained

by each relevant theory.

Insystems science appr oaches, o6qualitatived modrundricanlg means n
diagrammatical system analysis using methods such as cognitive and causal maps, stock

and flow diagrams, resource maps. Quantitative modelling refers to using numerical

(computational) methods for parametrization and simulation of the system dynamics

mod el, including input numerical parameters and outcome numerical indicators.

Resources and their features  are explained within the general systems theory (Von
Bertalanffy 1972) , Resource based view (Barney 1991; Peteraf 1993) and Resource
dependence theory (Jeffrey Pfeffer & Salancik 1978) . Agents and their features  are
explained by the Behavioural decision theory (Kahneman & Tversky 1979), complex
adaptive systems theory (Holland 2010; Anderson 1999) and Anticipatory systems

theory (Rosen 1985).
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Main consideration regarding the understanding of the pharmaceutical systems and their
dynamics and emergent beha  viour, taking a resource/agent system interactive
perspective, is that such understanding will remain partial if relying only on one of the
theories for the explanation of any of the system components in isolation to the other. In
order to be capable of a comprehensive perspective (Rosenhead 2006) on the whole
picture of the forest (Schieritz & Milling 2003) including the trees, the above system

elements need to be grasped in their interrelational activities.

To this need comes the proposition of a theoret ical framework capable to explain the
resource/agent structural coupling, employing the already mentioned theories in a unified

approach.

Naturally, resource subsystems can be modelled within the system dynamics approach,

while agent sub systems can be mo delled within the agent  -based approach. However, a
hybrid complex adaptive system (driven through resource/agent interactions dynamics)

like the pharmaceutical market would not be adequately modelled by either of the above
dynamic system approaches alone ( in isolation to the other). Therefore, a hybrid SD/AB
approach will be capable to achieve mutual qualitative and quantitative complementarity

and to account for the natural hybrid ontological structure of the intertwined

resource/agent modelled system.

Additionally, a hybrid theoretical frame capable to support resource/agent modelling and
simulation will provide for the design of a research apparatus capable to advance a more
comprehensive perspective (Rosenhead 2006; Ackermann et al. 2014) of complex

socioeconomic systems like pharmaceuticals, health care and many other.

4.3 Theoretical enhancement behind the integration of SD and AB modelling

methods: An Agent/Resource modelling perspective

4.3.1 System Dynamics theoretical enhancement

System Dyna mics (SD) practice developed following two key concepts of systems theory
related to the feedback | oops principle, and to the g

drives systembébs behavior.

Forrester (1958) pioneered SD practice following two key conce pts of systems theory
related to the feedback | oops principle, and to the ¢
systembébs behavior. A main view behind the behavior of
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identifies hidden endogeneity and feedback effects due to delay in time and bound
rationality, leading to non -linear and often counterintuitive behaviour (Sterman, 2000;
Morecroft, 2007). Hence, systems dynamics modelling practice tries to uncover the

hidden mechanisms underlying the observed non -linear effects inthe ~ economic systems

Aii nstead of only treating their symptomso (Forrester,

Main building blocks in SD modelling are stocks or resources (Richardson & Pugh 1981;
Forrester et al. 1976; Wolstenholme 1999; J D Sterman 2000b), flows and auxiliary
variable s. The more complex a model becomes the harder it is for the modeller to
maintain accurate representation of the modelled environment and to manage the model

behaviour and outcome adequacy to the issue under exploration.

Understanding the endogenous and e xogenous characteristics of organizational and

market complexity, being a source of causal ambiguity, emergent behaviour and self -
organizational dynamics (Morel and Ramanujan, 1999) is well advanced by general

systems theory (Von Bertalanffy 1968; Andrew 2 003) and the system dynamics field of
research (Forrester, 1961; Forrester 1995; Radzicki & Sterman 1994; Richardson &

Pugh 1981; J Randers 1980; Morecroft 1999; Sterman, 2000; Morecroft, 2007). Systems
complexity comes from dynamic components and their n onlinear interactions which cause
emergent behaviour, the reasons for which are hardly obvious. The more complex

interrelations are among the systems internal and external components, the more

ambiguous are the causes of the system behaviour and its self -organizational dynamics.

4.3.1.1 The Resource based Theory (RB T)

The Resource -based theory (RBT) of the firm (Wernerfeldt 1984; Barney 1991; Peteraf

1993) focused its analyses on the internal or introve
perform ance differences are based on a certain set of internal capabilities or unique

organizational assets (Dierickx et al. 1989), or resources which should lead to sustainable

competitive advantage only if they are O6val-uabl e, rar
substitutabl ed ( Bar hldy., 1991, pp. 105

RBT also posits that firms can be conceptualized as bundles of resources, which are
heterogeneously distributed across firms, (Amit & Schoemaker 1993; Wernerfeldt 1984;
Penrose, 1959) are dynamic and need to be managed (Helfat & Peteraf 2015; Sirmon et
al. 2007) by dynamic capabilities which align, coordinate, reconfigure and renew the

firms resource base (Teece et al. 2008).
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RBT is recognized to fit SD theory and practice (Gary et al. 2007) by the use of similar
central concepts like resources, stocks, accumulation etc. Also, RBT has supported
theoretically the application of Resource Maps (RM) qualitative modelling technique by

the use of SD stock and flows, and causal loops analytical instrumentarium (Kunc &
Morecroft 2009).

4.3.1.2 Resource Dependence Theory (RDT)

The RBT gives an internalized resource management perspective to the competitive
behaviour of the industri  al organizations. However, an externalized perspective can bring
further clarity and unity in relation to the conceptualization of market resources and how

the organizations and market systems are dependent on them.

The external resource dependence persp ective of RDT (Jeffrey Pfeffer & Salancik 1978;
Hillman et al. 2009) can complement the internal perspective of resource management of
RBT and can further develop more full understanding of the intra and inter organizational

resource structure in pharmaceu tical market systems

RDT (Jeffrey Pfeffer & Salancik 1978; Hillman et al. 2009) view s the organization as

being an open system, dependent on contextual contingencies in the external market

and regulatory environment. External micro and macro -economic context influence

organizational behavior and a key goal of market agents would be reducing

environmental uncertainty and dependence on valuable resources through control over

vital resources (Ulrich & Barney 1984) by reducing coc

over them, attempting to increase their own power over the others.

RDT can provide a vital knowledge frame of what are the resource  depend ent forces of
organizational behavior on the market and how organizations take actions to manage

external interdependencies in order to reduce uncertainty and interdependence on the

larger socioeconomic system , including market regulation. Further to the above,

integrating RDT with the resource -based view of the firm (Barney 1991; Wernerfeldt

1984; Barney 1986) can provide a complementary focus on resources, and may offer

new insights into the organizational res ource depending behavior, including controlling
valuable, rare, nonsubstitutable, and limited resources from the external environment

(Hillman et al. 2009). Learning from the RBT and RDT allows for a richer consideration of
how organizations develop routin e to control resource needs internally and externally
(Hillman et al. 2009).
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In the above perspective, I have extended the RM by gaining broader insight from the

RDT, regarding the dependence of organizations on the limited resources in the socio -
economic and regulatory environment , and regarding their competitive behaviour related
to maintaining control over them. This follows from the concept that any market ,
including the pharmaceutical one , heed to be conceptualized as a structurally coupled

complex ad aptive system of agents and internal and external resources .

4.3.2 Agent based (AB) Modelling theoretical enhancement

AB modelling and simulation practice and applications are traditionally supported by CAS
theory to explain agent behaviour: According to Axtell (2000)  AB modelling compared to

traditional approaches to modelling economic systems could be a more viable approach

when there are reasons to think in terms of agents. For example, these are the situations

when the problem or the research question we need to explore , Is naturally represented

by a large number of agents which decisions and behaviors can be well -defined, and

whichcan exhi bit adaptation and change,. A very importan:

modelling criteria is linked to the structure of the system which has endogenously
emerging mechanisms governing its future evolution and is not dependent only on the
past (Axtell, 2000).

Macal and North (2010) acknowledge that AB modelling could be linked to complex

systems (Weisbu ch, 1991) and complex adaptive systems (Kauffman, 1993; Holland,

1995) theory and exploration. They understand ABM as
tools for implementing computational model s of compl €
to reveal origin of  self-organization, emergent phenomenon, and adaptation (Macal and

North, 2010)

The behavioural rules, emergence and adaptation effect of agent behaviour are tightly

connected with the theory of complex adaptive systems (CAS) which do not have a

controllin g centre and a fixed structure. Rather they are structurally coupled with their

environment and exhibit a co -evolutionary emerging feature, i.e. as the result of

decentralized bottom  -up decisions and behaviour of individual entities or agents over

tme(Guerrero et al ., 2016; Macal, 2010; Macal and Nort
behaviour fishape and change the state and structure
dynamic changes in the system, which can potentially
(Guerrero e tal. 2016).
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Agents have decision rules and autonomous actions, and interact with their environment

forming non -linear and feedback effect. (Epstein and Axtell, 1996; Bonabeau, 2002;

Phel an, 1999; Phelan 2001). Agent s 6 dbehaviosareon rul es v
linked to a goal -oriented behavior related to achieving a certain individual benefit, guided

by the Behavioural Decision Theory (BDT) principle of satisficing /criteria of accessibility,

risk aversion, and anchoring and adjustment/ rather tha n maximizing a utility function

(Kahneman, 1979) due to their bounded rationality, and incomplete knowledge (Simon,

1959; Jennings et al., 1998) and unequal distribution of information (Akerlof, 1976;

Stiglitz, 2000). Interestingly, according to Phelan (19 99) when agents coordinate their

deci sions to achieve common goals, a fAcollective inte

According to Schieritz, N. (2002) the building blocks of AB modelling are the individual

agent, agent behavioral rule, inner and intra age nt feedback connection, adaption of
agent behaviour, i nductive inference from individual
and discrete or continuous time frame. The agent patt
cognitive structure that determines what acti on the agent takes at time t, given its
perception of the environmento (Anderson, 1999) and c

adapt to the agent environment.

However, modelling agent behaviour routine or schema should account for the agent
Afcognitiversedramrmd a relevant theory for the agent beh
cognition principles is needed. Behavioural decision and Anticipation theory can enhance

the practical understanding and explanation of agent behaviour and condition/action

decision making.

4.3.2.1 Behaviour Decision Theory (BDT)

Simon, H. A. (1982; 1959), Kahneman and Tverzky (1979) and Kahneman (2003) can
provide fruitful theoretical underpinning in support of AB modelling practice in a complex
adaptive socio -economic paradigm.  Market agents being they individual or organizational
follow certain behavioural pattern informed by their cognition /perception of the

environment/ and decision making which are rationally bounded due to incomplete
information and imperfect cognition rela ted to two types of cognitive processes, labeled
by Stanovich and West (2000) System 1 and System 2 (Kahneman, 2011).

Kahneman offers a typology elaborating that the cognitive operations of System 1 are

Aifast, automatic, effortlceudst, teaos scoocnitatoilv eo,r amod i diyfof iw
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operations in System 2 are fislower, effortful, and de

relatively flexible and potentially rule -governed

People behave following heuristics principle in order to reduce judgment and ch oice

complexity (Tversky and Kahneman, 1974) |l ike the prin
and adjust ment o, firepresentativenesso, filoss aversion
Kahneman and Tversky, 1979). According to Simon, people tend to make decisions by

Asatisficingd heuristic rather than optimizing a util
leadto cognitive biases (Kahneman, 2003) . fiRecognitiono
simplifies decision making and makes best use of the limited information ava ilable to

individuals (Goldstein, and Gigerenzer, 2002).

The BDT can inform the modelling of agentsd decision
providing a scientific explanation of the pharmaceuti
relation to the ERP effect evalua tion. Pharmaceutical companies make decisions which

are rule based and also follow heuristic principles rather than utility maximization. BDT

can help a better and more realistic modelling of their competitive behaviour including

reactive or prospective ac tivity in relation to drug price control mechanisms.

In relation to the above, Agent behavior modelling would need to account for each
principle of BDT and relate to forward -looking behavior in an information imperfect

market environment.

4.3.2.2 Antici  patory Systems Theory

Anticipatory systems theory posits that fanticipatior
system to contain a predictive model of itself and its environment. This allows it to adapt

by changing its state in accordance with the mod el 6s predictionso (Louie 201
1978; Rosen 1985) and to base its course of actions on their anticipated effects. In

cognitive science, anticipation is a core cognitive process responsible for the mental

simulation of the would  -be effects of human in teraction with the external environment

(Butz et al. 2007; Butz & Pezzulo 2008; Pezzulo 2007; Pezzulo 2008).

The cognitive process of anticipation is connected to building mental models of the

external environment and simulating alternative actions and ou tcomes, where actions are
triggered by the anticipated (mentally simulated) effect associated with their outcome,

depicted on Figure 4.3.2.2 (Pezzulo, 2008). The agent possesses a forward model of the

reality which includes agent’s future actions and their outcomes as anticipated by the
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agent. This forward model is used as a reference to which the agent aligns their decisions

for action. At the same time, the anticipation process requires alsoa 6controll erd func
which is the comparison of agents anticipated actions 6outcomes and their actual
outcomes. This 6écontrollerd function serves |ike a cc

agents adaptive behaviour.

Butz et al. (2008) exp  and the definition of anticipatory systems with their ability to

o

exhibit apart from fisensoryd anticipations, Apayoff
anticipations. Payoff anticipations are pertinent to

behaviourally -dependent pay off and can base action selection on that representation, i.e.

idi fferent payoff may be predicted for alternative ac

the current best action. o0 State anticipation is basec

enhance behaviour al decision making by future anticipatory representations of not only

the goal but of the whole system.

agent
w [ forward model ]4’

| environment Iq-

per—————,

| environment I.‘

Figure 4.3.2.2 Anticipation and Anticipatory Process in Anticipatory Systems, containing
forward mo d e | of ag e n(Adagied &omtPézpulp,s2008)

In relation to drug pricing regulation, regulatory authorities apply pricing control policy
anticipating that prices would become more affordable and that the public interest/return
would be optimized. However, pharmaceutical companies anticipating the behaviour of
the pricing regulators react proactively in order to optimize their private interest/return

and apply international pricing strategies in order to offset any unwanted effect. (Meyer

& Szirbik 2007) stress the import ance of state anticipation ability of organizations, which

|l eads to emergent behaviour of the whole system fias

directly influence current behavioural decision maki
Anticipatory systems perspective posits that agents and organizations build dAfor
model so0 of themselves (Pezzulo, 2008) thus simulating

different outcomes. Applying an anticipatory theoretical perspective to mapping agent
behaviour can complement the complexity and behavioural per spectives to agent

decision making analysis.
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4.4 Application of the resource agent conceptual framework for the analysis of

pharmaceutical market complex adaptive systems

Network of Agent/Resource

i configurations:
CompleXIty v" Innovative and generic firms
« Agent/Resource 5 \[ﬂ)\.’holesalﬁrs a_ndldist;ibutors
Conﬁgurations o_ctors, _osplta s, pharmacy
L e o= == Uunits, patients
. FEEdpamW arity :/ v “Qupply and demand of original
” ~<Emergent properties and generic drugs
\\
A
Each agent has a forward looking \I
cognitive model: . Imperfect information regarding: J
v" Country presence, ROI in R&D, v Manufacturing price IA\
L, market share target v" Nondisclosed price discount \
Political approval v" Product launch sequencing 1
¥ Reputation and client v Differential pricing ~ "
accumulation v Patent / data protection N 7 Each agent follows heuristic rules:
¢ Health outcome and health rrFerel Sars \ S v Anchor and adjustment
. g\p{/m;me_nt - ‘r’ ¥ Loss aversion
ost/effectiveness - . . .. v Availability
AnticipatioR _ Behaviou ;él decision |v ifa, thens, ..
—— i v" Condition/Acti |
. kincL~ ondition/Action rule can
« Forward mpdel N ). rp'a-.-g’ generate go/no go activity
¢ Pay off anticipation S~ = ~ 4 Heuristic protocol threshold
« State anticipation S====7 « Condition/Action pattern
s_\‘___/
Figure 4.4.1 Agents competing for resources, and imperfect information as main features

of socioeconomic Complex Adaptive Systems (CAS)

Figure 4.4.1 represents the pharmaceutical market complex system through the resource
agent theoretical framework described so far, which later in Chapter 5 will be considered

as main components of a novel Resource Agent framework. Markets and in particular

health care and pharmaceutical markets (Roberts 2015; Marshall, Burgos -Liz, et al.
2015) are complex adaptive socioeconomic systems and agents and resources are key

part of th eir complexity. All agents behave in parallel competing for control over firm and
market resources in an adaptive manner, subject to a condition action rule pattern

(Holland 1992; Holland 2006) and heuristic protocol of decision making (Kahneman &
Tversky 1979, Simon, 1978), following a forward looking pay off or state anticipation

behaviour.

Agent and resource configurations produce feedback, nonlinearity and emergent
properties of the systems where information is imperfect and not equal available.
Innova tive and generic drug companies, wholesaler and distributors, hospitals and
doctors, pharmacies and patients are actors in the supply chain of medicinal resources

and follow commercial, societal or individual goals.
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Agents can adapt/alter their patter n of behavior by deliberate action in order to fit to an
observation or can take action to adapt an observation to their existing schema. Schema
can change purposefully or randomly or by combination with other schema in order to

adapt to the environment. A gents communicate/interact through exchanging information
and or resources, which can have multiplier effects due to the interconnectedness in the

system with flows that may be nonlinear.

Resources and agent interactions form complex systemic behaviour em erging out of
resource/agent (R/A) configurations with feedback and non -linear inter and intra -
configurational dynamics. R/A configurations in turn can also form further higher -order
configurations by interacting further between themselves and forming high er-order

feedback loops.

Apart from the large number of interactive elements, complex systems have also

emergent properties, i.e., causal relations and feedback loops lead to the appearance of
patterns or emergent structures (or constellations) of tightly coupled components.
Managerial decisions are more or less concerned with discovering courses of action that
satisfy a whole set of constraints, rather than maximizing a fitness function, which is
consistent with the bounded rationality property of individ uals and organizational
systems (Simon 1978; Barros 2010; Jones & Jones 2002; Simon 2000; Simon 1972;
Bendor 2010; Morel & Ramanujam 1999). Such behaviour
opposed to the maximizing rational behaviour, and is subject to certain behavioural
decision rules explained by the utility theory (Kahneman 2003a; Kahneman & Tversky

1979; Kahneman 2003b).

The proposed theoretical framework is illustrated in the context of the price control

regulation on the pharmaceutical market in EU. The analysis focusses on the relevant
market agents and market resources and related phenomena that could lead to market
imperfections and market failure from the public healthcare perspective of providing

equitable and timely access to affordable medicinal pr oducts.

Figure 4.4.2 provides informationon how the theoretical framework can support the
methodological framework bringing together system dynamics and agent based

simulation modelling methods .
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SD and AB joint
methodological framework

Enhancing SD method with resource
theories

Resource Based Theory, Resource
Dependance Theory

Enhancing AB method with decision
theories

A

Behavioural Decision Theory,
Anticipatory Systems Theory

Figure 4.4.2 Theoretical
application

The Resource Based Theory and the Resource Dependance Theory are combined together

to enhance the appreciation of

Decision Theory andthe Anticipator y Systems Theory are combined to enhance the

decision making perspective  within Agent based simulation method. Applied together

they form the theoretical

above two distinctive methods .

resources within System Dynamics. The

framework supporting joint SD and AB methodological

framework , supporting the combination and application of the

Behavioural
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Chapter 5

Maps (RAM) and hybrid SD and AB guantitative
simulation

5.1 Approach

Methodological Framework: Managing
pharmaceutical market systems by Resource/Agent

The methodological approach | have employed can be summarized in Figure 5.1.1, which

presents information on the main stages (qualitative and quantitative) and their related

steps in the form of a resource agent modelling staircase.

I.A. Conversation
with stakeholders
and experts

_ - - _ - -
-
a_——"_=-=" RAM
( _ -~ - RAM technical
~ ficat transfer into
specification
i software
Official Mappllng and scenario
causa .
documents connections generation 4. SD stock
research and ‘ 3. Hybrid g_nd flow
i . iagram
analysis g S RAM design
. High leve
Causal Maps
1. Theory led
thematic
analysis

1I.A. Conversation
with stakeholders
and experts

'<
=T .
_=-=" Testing,
verification and
RAM scenario
technical experimentation
transfer into
software ‘
6. SD/AB
simulation
5. Agent working
state and

action charts

Figure 5.1.1. Confidence

I. Qualitative Modelling Stage

building procedure for the ERP simulation modelling

The first stage was connected to gaining confidence in the conceptual (qualitative)

modelling phase and consisted of the following steps:
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1. Collecting and analysing qualitative information for the building of a conceptual

gualitative model of the ERP effect on the market

Information regarding the ERP context was collected through written documentation

output such as the EURIPID report (Schneider 2017), pharmaceutical industry position

letters, author observation and participation in drug industry working gr oup meetings
and meetings with health care regulatory authorities. The goal was to use the data

collected from document analysis (Barr et al. 1992), minutes of meetings and industry

position papers (Huff & Schwenk 1990; Barr et al., 1992), conversations, researcher
notes and reflection (Ackermann 2012; Ackermann & Eden 2011; Eden & Ackermann

2004), for the mapping of mental models (Doyle & Ford 1998; Carley 1997; Jones et al.

2011) of key stakeholders in the pharmaceutical market, i.e. the pharmaceutical

industry and drug pricing regulators.

To extract relevant information, | have used a theory led thematic analysis (Hayes 1997)
protocol, consisting of looking for, and elucidating, meaning connected to the following

themes:
o Key resources and key agents in the pharmaceutical market system;

o Textual analysis for the identification and categorization of main

resources and actors in the system

o ERP regulation effect on the pharmaceutical market system, in relation to

drug access, affordability and availability;

o Textual analysis for identification of main assertions regarding ERP

effects on drug access, affordability and availability

o Key agent /resources and agent/agents interrelations, including the main
influencing factors affecting resource levels and flow rates and agent

behavioural routines;

o Textual analysis regarding agentsd6 behavio
these influence on main resources | evels and vice versa
o Textual analysis regarding main actorso6 in

their behavioural routines

o

Key agents and resources behaviour in relation to ERP regulation and other

contextual pricing and market regulation;
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0 Text analysis re garding ERP and other relevant local drug regulation

influencing agentsdé6 behavioural routines

o Agentsd behavioural routines (agentsd fAif/thet

relation to the effect of ERP on their pricing strategies

o What ar e a gigamtansl actiod gatterns in response to ERP

regulation

The main information sources and insights are shown in Table 6.1.A. The information
extracted from these sources was categorized in two further tables (Table 6.1.B and
Table 6.1.C), which describe t he key resources and agents identified in addition to their

related influencing factors.

2. Creating cause maps to highlight the key conceptual interrelations among the
main systems components following (Howick et al., 2008; Kim and Andersen,

2012)

The next step was related to creating causal maps connected to the thematic purposive
textual analysis performed in the first step, which was done through representation of
main resources, agents and documented assertions regarding their interrelations in
resp ect to the ERP and local contextual regulation into the graphical format of a causal

map (provided examples in Chapter 7 on qualitative Resource Agent Maps ( RAM)).

Their purpose was to support the transfer of the text

resour ces and agents, and their interdependence into a RAM.

3. Moving on to the transfer the cause maps into res
through design of an enhanced Resource Map, an Agent Interaction Map and an

Agent Behaviour Map for the purpose to create a RAM.

Validation of the maps involved the following procedure. Firstly, when building the maps,

the content of each map (resources, agents, agentso r
Aunderstandabl e and tight descripti odketalf2008l0w t he Awor
since they come from documented stakeholdersé stateme
concepts and related to the functioning of the ERP regulation and its effect on drug

access, affordability and availability in EU.

Secondly, documented stakehold ersd statements (innovative and gene
companies, health care regulators, drug pricing experts) were taken to be valid

representations of their mental model (understanding) about the above, since they are
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used in official position papers, meeting min utes and journal publications (Huff & Jenkins

2002; Carley 1997), and are taken as O6purposived text

I.A. Conversation with Stakeholders and Experts

Conducting conversations to provoke and collect expert opinion on the capabili ties of the
conceptual model (RAM) to provide a correct and trustful representation of the real
functioning of the market system in connection to the ERP effects on drug access,

availability and affordability

The procedure for creating the resource agent maps was first explained and generated

scenarios were presented to stakeholdersd representat
the ERP drug pricing regulation and pharmaceutical markets (Eden & Ackermann 2004,

Howick et al. 2008). Validation of the maps foll owed a conversation approach for

ensuring fAlegitimacy and rightnesso (Franco, 2006) i
(Mingers and Rosenhead, 2004) on the representation c
elements. The conversation was conducted through semi -struc tured interviews that

focused on key resources, agent behavioural rules and their interrelations represented on

the maps . The conversational approach was performed with three groups of

pharmaceutical market and regulation experts: independent expe rts, representatives of

the medicinebs companies and represen.t &achgrosps of drug
consisted of three or more experts coming from different countries and nationalities and

with diverse educational and professional backgrounds . The experts were selected

through approaching industry associations, public authorities and independent

organisations, like Medicines for Europe (MfE), Federation of Innovative pharmaceutical

Manufacturers (EFPIA), European Medicines distr ibutors Association (GIRP), Bulgarian

pharmaceutical Association (BGPharmA), Bulgarian pricing Commission, Austrian

Institute on Pricing (OBIG), networks of individual experts like linkedin . Their job

functions included market access managers (MfE and EFPI A), regulatory managers

(GIRP, BGPharmA), medicines pricing experts (Bulgarian pricing commission, Austrian

Institute on Pricing), experts and independent consultants (former senior managers who

have worked for pharmaceutical companies).

Conversation s were conducted through meetings on site or online , using a list of
supporting questions ( Appendix C ), with the main goal to get experts evaluation opinion

on the qualitative maps

One of the conversations was conducted in the form of a workshop with participants with

common research interest in the problem of drug availability and drug shortages
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(Information about the workshop, participants and notes is included in Appendix C to
chapter 6). After the workshop, subsequent follow up conversations were scheduled and
conducted with selected participants who were interested in the ERP simulation modelling

outcomes.

A summary of the expertbés opinions and analysis of tF
presented in a Table 6.3.1 and in Appendix C to chapter 6. This supported elaboration of

the RAM through taking into account relevant comments and opinion and suggestions to

further correct and or enhance the components of the resource map and the agents

maps and their combination into a RAM.
Il. Quantitative ~ Modelling Stage

The second stage was connected to ensuring confidence in the quantitative simulation

phase and consisted of the following steps:

0 Using the validated RAM as a hybrid simulation modelling procedure to transfer
the qualitative representation of the resource agent system into a quantitative

one

o Transferring the elements of the RAM into the chosen software environment,
keeping their resource and agentsd behaviour <char

configured through the validated RAM

o This involved creating an exac  t quantitative structural and behavioural

representation of the RAM within the used software

The first step of the quantitative stage consisted of transferring the resources and related
components into a coded stock and flow charts and associated variable s, while the
second step included transfer of the agents and related components into coded agents

state charts and behaviour algorithms, matching the conceptualized ERP system through
the RAM.

Throughout the above procedure the quantitative simulation model was continuously

tested to ensure methodological consistency and robustness in performance outcomes.

After the simulation model was built, it was tested with real drug price s foranumbero f

selected drugs, obtained from Bulgarian price regulator and from EURIPID project drug

price data initiative with the purpose to ensure that the simulated behaviour is

reasonably similar to historical price evolution, meaning that the simulation model

resources and agentbés behaviour patterns are correctly

8 and in Appendix E to that Chapter.
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ERP parameter variation and ERP policy scenarios experiments were conducted as a next
step. The m ain purpose of the scenario experime ntation was to increase confidence in
the simulation performance and explore the ERP effects in connection to the research
guestion. The simulated scenarios outcomes were compared to statistical public price
evolution data which was obtained from the EURI PID project consortium. The simulated
scenarios outcomes were compared also to previous ERP simulation studies and to ERP

system analysis and observations published in official documents and journal papers.

Real and simulated drug price evolution of inno vative and generic atorvastatin,
clopidogrel and ticagrelor are compared in Chapter 8 for Bulgaria, Austria, Poland and
other countries. Real public price data is obtained from the Bulgarian state committee on

pricing and reimbursement and from EURIPID pro ject drug public price data base.

II. A. Conducting conversations with interested parties to provoke and collect expert
opinion on the quantitative simulation modelling outcomes and selected scenario
experiments. The main purpose of the conversations was to understand to what level the

participants recognize the presented simulated scenario outcomes to be trustful

representation of the real ERP scenario effects . Or, of their expectations of the effects if
similar ERP scenarios could occur in practice , due to hypothetical changes in the ERP
regulation .

The conversations were performed with the same groups of experts following the same

procedure performed for the RAM confidence stage. The interview questions with the

researcher6s not edsAppemdigV i.nc lAudleadb lien wi t h a summary of
opinions and analysis of their perception of the simulated ERP scenarios are included in

chapters 7 and 8.

In relation to the RQ associated outcome |, the three criteria of drug access, availability

and affordability are measured as simulated ERP scenario outcomes. The first outcome is
associated with how long a drug launch delay there is in relation to its entering a local

market. The second outcome is associated with the average drug presence in yea rson a
local market before this drug is being withdrawn from that market. The more years a

drug is present on a market, the higher is that drug availability and vice versa. The third

outcome of the scenario simulation is associated with the drug’s price evolution. The
higher the price of a drug, less affordable is that drug. The quicker the price of a drug

decreases, the higher becomes that drug’s affordability and more affordable is that drug

to patients and healthcare funds.
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Chapter 6 Collec  ting information to support a hybrid RAM
gualitative and quantitative SD/AB modelling and
simulation

Chapter 6 provides explanation of the qualitative and quantitative data that have been
already collected, and the process used regarding the data colle ction, categorization and

analysis.

Chapter 6 include s tables which have been published inajournal paper, coauthored with
prof. Susan Howick and prof. Alec Morton , specifically Table 6.1.A, Table 6.1.B and Table
6.1.C (Kazakov et al., 2021)

6.1 Collecting relevant qualitative information

In collecting the needed information, | have adhered to a data collection plan related to
defining, getting access to and analyzing the needed qualitative and quantitative data
according to the research questi on (detailed plan included in Appendix VI to this

chapter) .

In addition to the review of prior published research on ERP, rich information regarding

the ERP context has been collected through written documentation output.

Documentation included working groups on ERP meeting minutes, EURIPID reports,
official industry and government position papers, and  European Commission project
reports. The goal was to use the collected data from document analysis (Barr et al.

1992), minutes of meetings and industr y position papers (Huff & Schwenk 1990; Barr et
al., 1992), conversations, researcher notes and reflection (Ackermann 2012; Ackermann

& Eden 2011; Eden & Ackermann 2004), for the qualitative modelling of the ERP research
guestion in order to produce pictor ial representation of data (Huff 1990; Eden 1988), by
the use of enhanced Resource maps and the novel Agent maps techniques presented in
the previous sections.  Conversations include conducting in person and online meetings
with three groups of experts (a s described before), during which expert opinion was
noted down in researchers notes and used through reflection in support of confidence

building in the qualitative and quantitative simulation modelling stages.

The abovementioned group of experts includ ed representatives of industrial associations
like BGPharmA (Bulgarian Pharmaceutical Association) , MfE (Medicines for Europe) and
EFPIA (European Federation of Innovative Drug Associations) , independent experts (drug

96



market professionals)  and representati ves of drug regulation authorities (Bulgarian

National Price Regulation Council).

| used a theory led thematic analysis approach (Hayes 1997) in order to extract relevant
information from the documentation output, consisting of looking for and elucidating

meaning connected to the following key themes:

o Key resources and key agents in the pharmaceutical market system;

o External reference pricing regulation effect on the pharmaceutical market system;

o Key agent/resources and agent/ agentsd interrelati
factors;

o Key agents and resources behaviour in relation to ERP regulation and other

context ual pricing and market regulation;

Influencing factors  (included in Table 6.1.B and 6.1.C) relate to factors that have an
influence on the resource dynamics or on the agent behaviours. For example, the

resource levels related to the pharmaceutical produc ts stocks and flows in the drug

supply chain, are influenced by the drug manufacturers agents (decisions and
behaviour) , the level of demand and supply ( local market competitors), drug’s price
Influencing factors that have an effect on the agents  decision s are, for example, local

drug prescribing and drug pricing regulation, level of competition (supply) and level of

demand (drug quantities consumed), parallel traders activity and other.

The information extracted from the data sources was categorized in three tables
consisting of key stakeholder assertions regarding the ERP regulation effect on the
pharmaceutical market, and description of key resources and key agents , including
related influencing factors (Table 6.1.A, Table 6.1.B and Ta ble 6.1.C).

All of this information and its sources are publicly available and can be easily tracked
back and reproduced by interested researchers, including the assertions listed in these

three tables.

Table 6.1.A ERP information sources and key asse rtions regarding the ERP effect

on the pharmaceutical system
Information Goal Key assertions Documentation Timin
Source regarding ERP effect record g
ERP working To analyse Negative impact on the Memorandums, 2015
group and define pharmaceutical industry meeting minutes, 2016
memberat a generic and competitiveness (off - official position 2017
European innovative patent gener ic and papers, emalil 2018

97



medicines industry
industry official

association position

Official
innovative
and generic
industry
associations
position

papers

biosimilar or in  -patent correspondence;

medicine industry); observer notes

From the European
Generic medicine
Association (EGA)
perspective, and
considering the very
competitive environment
of off -patent medicine
market, ERP limits
generic medicine

i ndustryds pot
enter s pecific markets by
driving down the prices to
unsustainable levels;
referencing prices in
countries where
procurement and
tendering systems are in
place (driving down the
prices to unsustainable
levels) would be
detrimental for the
generic sector, for

pati ents (availability of
affordable generic
medicines) and for payers
(savings for the national

health systems);

From the European
Federation of
Pharmaceutical Industries
and Associations (EFPIA)
perspective, ERP causes
indirect and adverse

effects across Eu rope and

beyond, especially in the
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context of short -term
cost - containment
measures; ERP and
parallel trade created

spill -over effects from low
price to higher price
countries leading to
patient access issues in
low price markets, with
limited benefitsint  erms
of cost -savings to payers
and patients for high

price markets;

Board To analyse ERP can lead to Like the above 2015
member and and define unsustainable price to
Price BG industry reduction for generics 2018
Regulation position locally and abroad in
task force cross referenced
member at a countries, and to product
nationaldru g delay or delisting from
industry reimbursement;
association

Need to apply a more

balanced price calculation

formula and reference

country basket
Meetings on To ERP is effective Observer notes 2015
the topic with understand mechanism for price to
authorities health reduction; 201 8
decision authorities

- Need more price
makers and position
) information transparency

experts and build

among reference

consensus

countries
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Prior
research

analysis

To analyse Provided in Tables on the
previous ERP related literature

findings review

Literature review

to

2010

2018

Table 6.1.B Key Resources identified relevant to ERP

market price

discount is given off the official price to

the payer and distribution agent

Internal and Description Influencing factor
External
Resources
Medicinal Medicinal products are a key resource Manufacturing age nt
product and are related to demand and supply
) i Level of demand and
side of the pharmaceutical market
supply
Critical attention of the healthcare
o ) Product price

authorities is directed to guaranteeing

drug timely access, affordability and

availability
Product Product price is a resource connected to Pricing regulation
official price economic rent for the manufacturers and

) ) ) Government

suppliers, and to economic expenditure

for the healthcare funds and consumers Manufacturing agent

Critical attention of the healthcare

authorities is directed to contain drug

expenditure by redu  cing product max

allowed price
Product A competitive price formed after a Government and

Manufacturing agent

Competition

Doctors

Key for drug prescribing volume and drug

allocation

Pharmaceutical companies compet e for

control over that resource

Manufacturing agent
and Prescribing
regulation, i.e. by

innovative or generic
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brand or by INN
(MOLECULE NAME)

Patients Key for generating product demand Doctor agent and
prescribing regulation
Public drugs Key resource supporting product demand Healthcare fund
budget and supply
Reimbursement
Critical attention is directed to its regulation, Product
distribution among drug categories demand and product
through different level of reimbursement supply
Drug price Important for price elasticity level and Government
information product switching

Agents along the supply

chain

Table 6.1.C Key Agents identified relevant to the

ERP

Agents Description Influencing factor
Innovative Main market agents producing original Price regulation and
companies drugs protected by patent and data Competition

exclusivity

Level of demand and

Parallel trade

Generic drug

Main market agents manufacturing the

Price regulation and

companies same drug molecules after patent Competition
expiration
Level of demand
Government Main agent setting the pricing regulation Limited drug budget
on a local market
Level of demand and
supply
Doctors Main prescribing agent Companies detailing

Other incentives
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Pharmacy Main dispensing agent Financial incentives like

units discounts

Patient Main consuming agent Prescribing doctors and

Pharmacists

The main objective of the information collection and then the application of RM and AM

was to extract and map stakeholders conceptualization of key resources and market
agents, categorize them in their capacity to be key elements of the market system

responsible for its emerging dynamics, analyze causality interrelations endogenous to the
system, and elicit key insights about endogenous systemic diale ctical interrelations for
problem structuring in accordance with key principles of the mapping process like

surfacing, mapping and analysis (Bryson et al. 2016; Jenkins 1998; Eden & Ackermann

1992; Eden & Ackermann 1998; Bryson et al. 2007; Ackermann et al . 1992).

Table 6.1.A provides a concise look at the information sources on ERP analysis and ERP
market effect assertions of key stakeholders, which later were used to inform the RM, AM
and RAM process. Table 6.1.B and Table 6.1.C present brief description of the key
important resources, market agents and influencing factors, related to the ERP regulation

in the pharmaceutical market, which set the endogenous system boundary of interacting

resources and agents for the creating of the RM and AM. The process of resource, agent,

and integrated resource/agent mapping was iterative and included various versions of
the maps, due to the received feedback from experts and authors reflection on the map
and the data analysis. Previous versions of the maps and expla nation of this procedure

are included in  Appendix VII andin Chapter 7.

Relevant data about national and EU Pricing & Reimbursement regulation rules is checked
through using data sources on local legislation affecting the application of the ERP by

local authorities. That data is linked to:

o Which countries are included in the price referencing group

0 What product price do  countries benchmark to ( manufacturer or retail)

o Which product do countries apply the price referencing to (innovative, generic,
publicly financed only or all)

o How do they determine the product price (price methodology of the lowest or the

average price), and how often do they apply the price referencin g (price revision

period)
0o What percent of reimbursement is applied by the local government, and what

Price mark -up percent range in the supply chain
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0 What Prescribing and Dispensing regulation are there, for example, prescribing
INN (MOLECULE NAME) or prescribing by innovative or generic brand name, is
generic drug substitution at the pharmacy allowed or not

o Isthere information available to patient s about product price alternatives in one
INN (MOLECULE NAME) group

6.2 Collecting Quantitative data

The quantitative data that will be needed for the modelling and simulation stage and
numerical validation will be related to the selected product markets, mainly regarding

product prices evolution across EU ERP countries. For comparison reasons, a group of
ERP countries will be used . Those selected were based on data availability that can
support drug price evolution comparisons. Additional data about product market
performance volumes and value (if available) can further be used for additional validation
through calculating market prices and comparing with simulated output. The price data

have been received (after delay due to agreement negotiation) by the EURIPID

consortium which manages the EU wide drug public price data base. Also, public product
price data has been obtained for the Bulgarian market through national pricing

authorities. Additiona | relevant information about the local pricing regulation and the
selected cardiovascular  drug s prices , have been checked from national price regulatory

and health statistical authorities.

by

The data needed relate only to  researching ambulatory care and not the hospital market.

In addition, only oral medicines that are not biological medicines or biosimilars are

considered in the ERP simulation scenarios.

Specific information about the selected drug therapeutic categories is included in Table
6.2.1

Main re asons regarding the selection of these drugs and therapeutic categories are

related to the following:

o Worldwide significance of the cardiovascular diseases (CVD) for the healthcare
systems and wellbeing of treated patients, CVD remaining leading cause for
disease burden in the world (www.who.int )

0 CVDdrugs arer epresentative for the worldwide drug use and need for equitable
drug access, affordability and availability

o CVDdrugs arer epresentative for the high degree of market competition
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o Assumptions that data will be available for wider group of ERP countries

Table 6.2.1 Selected drug therapeutic categories

Case study in the following innovative EU Countries

and generic drug categories

1) Cholesterol lowering market (Atorvastatin) Bulgaria and other EU member countries

2) Innovative drugs (Alirocumab and depending on data availability and comparability

Ticagrelor) (EURIPID and national  statistical data sources )

3) Antiplatelet medicines market

(Clopidogrel)
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Chapter 7 Qualitative Modelling Application to the
ERP: Resource/Agent Maps (RAM)

7.1 Introduction

Chapter 7 includes textand figures from a published journal paper* coauthored with
professor Susan Howick and professor Alec Morton (Kazakov et al., 2021), with the
exception of figures 7.2.1,7.2.2,7.2.3,7.2.4,7.2.7,7.2.8 and 7.3.1 and the text

associated with those figures .

Complex Adaptive Systems are systems where agents behave in parallel competing for

control over resources in an adaptive manner, subject to a condition/action rule pattern
(Holland 1992; Holland 2006). Agents have a predefined goal and are rationally bounded

because of incomplete and/or biased information (Fiori 2009; Simon 2000; Simon

1972a). Agentsdé pattern of behaviour camonmdntange i n or
and can involve exchange of information and or resources producing multiplier effects.

For example, complex adaptive systems such as healthcare and pharmaceuticals involve

multiple subsystems of interconnected agents, resource structures and proces ses
including doctors, patients, drugs and drug suppliers, hospitals and regulators multilevel
interrelations that evolve and change together (Roberts 2015; Marshall, Burgos -liz, et al.
2015; Begun et al. 2003) . Financial markets are another example of co mplex adaptive
systems involving suppliers, intermediaries and consumers of financial products in a

highly regulated and competitive environment (LeBaron & Tesfatsion 2008; Block et al.

2013).

Gaining a balance in such systems depends critically on resour ce/agent dialectical
interactions . Seemingly small changes at the micro level can lead to a significant

systemic misbalance at the macro level, such as in the last global financial crisis (Crotty

2009; Joseph E. 2010; Farmer et al. 2012) or such as the recurrent local and global
inefficiencies in healthcare systems related to inequality in access to affordable

healthcare and medicinal therapies (Council of the European Union 2016; Haas -Wilson
2001; Plsek 2001). Managing complex adaptive systems can b e very challenging,
particularly when attempting to control rather than simplify complexity (Rosenhead

2006). One particular problem is the need to take a comprehensive perspective of the

complex system in order to manage it effectively (Rosenhead 2006; A ckermann 2012;
Ackermann et al. 2014). Problem Structuring Methods (PSMs) have emerged out of the

need to help understanding of the behaviour of complex socioeconomic systems and

support structuring of key problematic issues (Mingers & Rosenhead 2004; Ros enhead &
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Mingers 2001; Rosenhead 2006). An overview of key PSMs can be viewed in Table 7.1.1.
A common approach is mapping / modelling system components and their causal
interrelations in terms of influence processes, flows, feedback, and emerging properti es

(Mingers & Rosenhead 2004; Ackermann et al. 2014; Rosenhead 2006).

Table 7.1.1

Overview of key P

roblem Structuring Methods

PSM

Modelling technique

Theoretical support

Soft Systems

Methodology 7 SSM

Rich picture (Checkland & Scholes
1990; Checklan d & Winter
2006;Checkland, 1981; Checkland
and Holwell, 1998)

Systems theory (Von Bertalanffy
1968; Forrester 1961)

Strategic Options
Development and

Analysis i SODA

Cognitive mapping (Eden 1988;
Ackermann & Eden 2010; Eden &
Ackermann 2001)

Cognition theory (Kelly 1995;
Eden & Huff 2009; Foerster 2011;
Mingers 1991; Huff 1990; Simon
1955; 1976)

Strategic Choice

Decision graph (Friend & Hickling
2012; Friend 2011; Friend and
Hickling, 1987)

Ackoff design approach (Ackoff
1979)

Resource Maps

Resource Mapping (Kunc & Morecroft
2009) (Forrester 1987; M. H. Kunc &
Morecroft 2010)

System Dynamics and Systems
theory (Forrester 1961; Von
Bertalanffy 1968)

Strategic
Management of
Stakeholders

Stakeholder mapping by Stakeholders
influence network and management
web (Ackermann & Eden 2011)

Stakeholders theory (Mitchell
1997; Carroll, 1989; Donaldson
and Preston, 1995; Freeman,
1984)

Robustness Analysis

Assessing future configurations of the
system (Rosenhead 2001; Rosenhead
1980)

Systems theory (Von Bertalanffy
1968)

Beer, 1981)

Drama Theory Rol e fihypergamed pl a| Game Theory (Von Neumann &
analysing conflict and cooperation Morgenstern 1944; Brams 1994)
(Bryant, 1997;Howard 1998)

Decision Analysing decision alternatives Decision theory (Simon 1965),

Conferencing (Phillips, 1987; Phillips & Phillips Requisite modelling (Phillips,
1993) 1982, 1984)

Viable Systems Cybernetic principles for viable Systems theory (Von Bertalanffy

Model organization (Hilder 1995 ; Beer 1986; 1968; Von Foerster 1979)

PSMs are inherently dialectic in relation to analysing causal interrelations. However, an

important tension in systems theory is between a view of systems in terms

of resource

feedback structure and in terms of competing agents that adapt and change (Phelan
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1999; Hans Jochen Scholl 2001; Mingers & Brocklesby 1997). So far, no PSM has been
developed to facilitate the dialectic between these two competing perspectives . In our
view comprehensive causal analysis needs to take account for the interconnectedness

among resources and agents and bring together both perspectives.

In support of an interdisciplinary approach to PSMs that brings together different

perspectve s Eden and Ackermann propose -disciplihary il ncreasingl

approaches are needed: bringing together social psychology, psychology, mathematics,

l ogi c, organization theory (é strategic management),
interactve modell i ng, to aid facilitation, and provide
(Eden & Ackermann 2006). In addition, Bryson accentuated on the need for Avisual
mapping for cognitive enhancement and coll aborative

2016). In relation  to this and the objectives of my research a need for a visual mapping
technique to facilitate the dialectic between the resource -feedback and agent -based

views of a system become apparent.

Combining RM with AM to form a hybrid RAM tool brings together th e different theoretical
and practical resource -feedback and agent -based perspectives. This also supports the

view that fné a key role for problem structuri

growing arena of Mixing Methodso ( Mil99g dowisket 200 6 ;

al., 2006; Howick and Ackermann, 2011). In order to support theoretically the design of

the RAM tool, | have undertaken an enhanced theoretical perspective bringing together

RDT (J. Pfeffer & Salancik 1978), RBT (Barney 1991; Wernerfeldt 1984; Peteraf 1993),
BDT (Tversky & Kahneman 1974; Kahneman 2003a) and AST (Rosen 1985; Pezzulo
2008). The first two support the Resource mapping tool and the latter two support the

Agent mapping tool.

Adding an external resource perspective through the RDT to resource mapping practice
(M. Kunc & Morecroft 2010) can enhance problem structuring practice to account for

external resource dependence. Agent based qualitative modelling and analysis through

Agent Mapping, by captiutriivhneg satgreuncttsu r'eédoc o(gAn der s on

2002; Macal & North 2015) can fill a gap in the complex adaptive systems theory and

practice of ABM through bringing in BDT and AST. This can aid conceptualization and

validation (Heath et al. 2009; Kliigl 2008; Kasaie & Kelton 2015) by visualization of
agentsd cognitive structure in the form of a
methodological use as a problem structuring technique. Further, an integrated RAM can

provide a powerful qualitative operatio nal research tool for resource/agent complex
system analysis and could therefore be used to support SD/ AB hybrid model
conceptualization, model integration (Schieritz 2002; Schieritz et al. 2004; Guerrero et

al. 2016b), and validation (Djanatliev et al. 2 015) . Complex adaptive system theory can
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therefore be enhanced with resource/agent related theories such as RDT, BDT and AST,
which in turn will aid the development of problem structuring methods and techniques
capable of supporting complex adaptive syste ms comprehensive and effective

management.

7.1.1 Resource Maps

Resource maps (RM) have been used in relation to System dynamics modelling and

simulation practice ( Kunc and Morecroft, 2005; Kunc & Morecroft 2009; Kunc &

Morecroft 2010) to provide a systems approach to the exploration of the concept of
AResourcé@f®kReandrced accumul ation and dynamic managemer
Teece et al. 2008; Helfat 2011; Helfat & Peteraf 2015; Sirmon et al. 2007). RM is a

gualitative mapping technique tightly linked to cognitive mapping (Eden 2004; Bryson et

al. 2016; Eden & Ackermann 1992; Ackermann & Eden 2010), employing stock -and -flow

and influence diagrams, with the aim of mapping manadg
key /strategic resources and resource -building decision making processes (Kunc &

Morecroft 2009).

Resource maps have been applied mainly for the representation of systems of

firms/ agents6 asset stocks believed to be key for bui
superior business performance and, informed by Resource based Theory (RBT), (Barney

1986; Barney 19 91; Wernerfeldt 1984; Peteraf 1993) present an internalized perspective

of resource management. However, existing research that uses resource mapping (Kunc

and Morecroft, 2005; Kunc & Morecroft 2009; Kunc & Mo
2017) does not co  nsider the external perspective of resource dependence related to RDT.

Extending resource maps through the external perspective taken by RDT (J. Pfeffer &

Salancik 1978) can therefore complement and extend the RM theoretical frame and its

analytical capaci ty.

RDT (Jeffrey Pfeffer & Salancik 1978; Hillman et al. 2009) view the organization as being

an open system, dependent on contextual contingencies in the external market and

regulatory environment. External micro and macro -economic context influence

or ganizational behavior and a key goal of market agents would be reducing

environmental uncertainty and dependence on valuable resources through control over

vital resources (Ulrich & Barney 1984) by reducing coc
over them, at tempting to increase their own power over their competitors. RDT can

provide an awareness of the resource depend ent forces on organizational behavior and

how organizations take actions to manage external interdependencies in order to reduce
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uncertainty and  dependence on the larger social economic system , including market
regulation. In addition, integrating RDT with the resource -based theory of the firm
(Barney 1991; Wernerfeldt 1984; Barney 1986) can provide a complementary focus on
resources, and may offe  r new insights into the organizational resource depending
behavior, including controlling valuable, rare, nonsubstitutable, and limited resources

from the external environment (Hillman et al. 2009) where each agent group interacts

and contributes to the ov  erall complexity of the market socio -economic system.

7.1.2 Agent Behaviour Maps (AM)

A Iimitation of RM is its inability to account f or me
making due to its theoretical connection to the RBT only having a focus on inte rnal

resources. This limitation is confirmed by Phelan (1999) and Schieritz & Milling (2003),

who have argued that a stock and flow diagr am, i . e. 8
static and focused on the quantity rather than the quality of resource inte rrelations, and

that an agent perspective is needed to enable quality to be modelled. In this case, quality

relates to the agents6é behaviour in changing the | eve
flows of action in response to anticipated environmental chang e. Further, Scholl (2001)

and Schieritz & Milling (2003) argue that integrating both a system dynamic and agent -

based perspective could provide a means for capturing both the macro and the micro

level, and that joint application may deliver superior resul ts.

Agents have a predefined goal and follow a fischemaodo ¢
are fimental templates that define how reality is inte
response for a given stimuli o (Dooley 19%®6). They ar e

incomplete and/or biased information (Fiori 2009; Simon 2000; Simon 1972a) and could

have multitude of rules which ar-enactment aretehtioh hr ough a As
pr oces s eMafin@®97; Holland 1992; Jantsch 1980; Mingers 1991; Maturana 2002;

Pri gogi ne & Stengers 1984). Agentsdé pattern of behavic
randomly or by combination with other schema in order to adapt to the environment and

can involve exchange of information and or resources producing multiplier effects based

on the nature of interconnectedness in the system with flows that may be nonlinear.

Two frameworks that can be helpful for thinking about agent mapping are BDT and AST.
In terms of BDT research, Simon (1972), Kahneman and Tverzky (1982) and Kahneman
(20 11) provide a theoretical underpinning for the development of AB mapping technique
for complex adaptive systems Market agents, whether they are individual or

organizational, which follow certain behavioural patterns informed by their perception of
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the env ironment and decision making and which are rationally bounded due to

incomplete information and imperfect cognition (Stanovich & West 2000 ; Kahneman &

Tversky 1982; Kahneman, 2011). For that reason, agents behave according to heuristic

principles in order  to reduce judgment and choice complexity (Tversky and Kahneman,

1974; Kahneman & Tversky 1982). These principles
and adjustmento, fArepresentativenesso and Al oss
1972; Kahneman and Tversk y, 1979). Heuristics can also lead to cognitive biases

(Kahneman, 2003) and dec

i s

on making is simplifi

which makes best use of the limited information available to individuals (Gigerenzer &

Goldstein 2011; Gigerenzer 2000).

A second framework that can be useful for thinking about agent mapping is AST. AST

posits that #Aanticipatio

n i

s the process whi

predictive model of itself and its environment, which allows it to adapt by changing its

state in accordance with

t h

e model 6s predictionsa

Pezzulo, 2008) and to base its course of actions on their anticipated effects. Anticipatory

systems have the ability

t o

exhi bit A ppatipns (Bitd

c h

e

ant

et al. 2008). Payoff anticipations are pertinent

behaviourally -dependent payoff and can base action selection on that representation, i.e.

Aidi fferent payoff may be

the current best action.

predi ct e dowktheselectiohad r nat i

0o S

tate anticipation i

enhance behavioural decision making by future anticipatory representations of not only

the goal but of the whole system. The next section will descr

ibe a Resource/agent map

that has been designed to provide qualitative mapping and analysis of resource/agent

behaviour.

7.1.3 Developing a tool for comprehensive qualitative appreciation of
resource/agent behaviour: Resource Agent Map (RAM)

| have designed an approach to AM, enhanced RM and integrated RAM after two key

principles regarding the future of problem structuring practice (Ackermann et al. 2014

These are : 1) borrowing and developing theory and

2) developing effective procedure for

mixing m ethods (Ackermann et al. 2014 ). In parallel

| have tak en into account other

principles such as building on prior research, creating a potential for generalizable

findings and effective collaborative support.

Development of the RAM included the following

steps:
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o Firstly,a RM enhanced by RDT is developed which maps key internal and external

resources, their structure, influencing factors and feedback interrelations;

o Secondly, an AM is developed, containing both an AiM, which maps key agents,
theirinterr el ati ons, influencing factors and identifyir
behavioural rules; and AbM, which maps agentsd behavioural de
pattern in more detail than the AiMr evealing each agentés cognitiwv

informed by BDT and AST;
o Finally, the enhanced RM and AM are integrated to produce a hybrid RAM,;

In Table 7.1.3 each of the above steps is elaborated in relation to their purpose and

theoretical support.

Table 7.1.3 Theory and design purpose behind enhanced RM, AiM, AbM and RAM
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Mapping Design purpose Theory
technique
I. Enhanced Extends the RM approach (Kunc & Morecroft 2009) based on RBT of the RBT (Barney 1991; Wernerfeldt 1984; Peteraf 1993)

Resource Map
(RM)

firm, enhanced by the RDT
Mapping key internal and external market resources, influencing factors and
variables and eliciting feedback interrelations

Analysis of resource structure and feedback dynamic

RDT (Jeffrey Pfeffer & Sala  ncik 1978; Hillman et al.

2009)

Il. Agent

Interaction Map

Mapping agent interactions building upon the Stakeholders Management

mapping concept (Ackermann & Eden 2011) and feedback including

BDT (Kahneman 2003b; Kahneman 2003a;
Kahneman & Tversky 1982; Gigerenzer 2000;

(AIM) identifying each agentds key behavi our al| Kahneman & Tversky 1979)
factors
Anal ysis of agent s 0 emsingrdynantcar e and i nfl u
Ill. Agent Mapping each agentédés behavioural deci si d BDT(Kahneman2003a; Kahneman & Tversky 1982)

Behaviour Map

agent behavioural matrix

AST (Louie 2010; Pezzulo 2008; Rosen 1985)

(AbM) Analysis of agent decision rules and behaviour

IV. Resource Integrating Enhanced RM and AM into a hybrid RAM Integrating Systems wit  h Complex Adaptive
Agent Map Analysis of resource/agent interactive behaviour and identification of Systems theories (Phelan 1999; Schieritz & Milling
(RAM) scenarios emerging out of variations in resource and structure, agent 2003; Guerrero et al. 2016; Borshchev & Filippov

behavioural rules and contextual factors

2004)
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Pharmaceutical and health care systems are appropriate systems for application of RAM

as they are complex ada  ptive systems (Roberts 2015; Marshall, Burgos -Liz, et al. 2015;

Marshall, Burgos -liz, et al. 2015; Begun et al. 2003; Djanatliev et al. 2015; D.Roberts

2011; Macal & North 2015) from which dynamics emerge out of the interactions among

competing agents and  resource structures. Both the resources, agents and their

relationships change over time maintaining ficompl ex s
interact with each other ...066 (Ackoff 1979). Our ain
decision makers achieve compre hensive evaluation of the effect of complex health care

interventions such as pricing regulation in EU, including generating management

scenarios for optimal system regulation.

7.2 Application of enhanced RM in the ERP project

In general, the market resources (medicine, public budget, etc.) provide the carrying
capacity of a market system . Their stock level s can evolve through accumulation and
depletion (by resources inflow s and resources outflow s) which are influenced by market
agents ~ interactive behaviour, other resources and endogenous systemic factors,
including information feedback effects. Key resources identified on the given RM are
provided in Table 6.1.B in Chapter 6. Boxes are stocks of resources, inflow and outflow

arrows with  converters denote rates of accumulation and depletion of resource levels.

Circles are endogenous factors/variables influencing resource levels. All Interrelations

between resources and influencing factors are marked by connection arrows, denoting

the dire ction of influence. All endogenous systemic factors included in the RM can
influence the level of  market resources either positively or negatively, depending on their
dynamic properties. The influencing factors include n
regul ation, product price and information availability. The modelling graphical language is

borrowed from the system dynamics practice and software.

A version or an enhanced RM is given on Figure 7.2.5, which provides a qualitative model
of the ERP system conc eptualized through SD (Morecroft 1999; Kunc & Morecroft 2009;
Kunc & OO Br iRBm (Barfef 1991; Peteraf 1993; Wernerfeldt 1984; M. Kunc &
Morecroft 2010) and RDT (J. Pfeffer & Salancik 1978; Hillman et al. 2009) perspectives
and built from the collec  ted information discussed in the previous section. Building the
enhanced RM required elicitation of key feedback loops responsible for the endogenous
dynamics of the ERP system, explained in the following pages. This involved mapping the
main resources and  resource flows identified through the data collected and described in
Table 6.1.B and Table 6.1.C.
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The mapping procedure included iterative steps between statements in the documented

data describing main ERP system resources and key influencing factors, the interrelations

between influencing factors, resource flows and resource levels using arrows to denote

the direction of influence or interdependence.
The design of enhanced RM, AM and RAM included the following main stages:

A. Enhanced RM design

I. A Causal Map (CaM) of main statements on ERP effects , eliciting main causal

structures inthe system (interpreting the  statements about the effects of ERP

regulation) , following Kimand  Anderson (2012 ) and Turner, Kim and Anderson

(2014 ) useoftheter m o6causal mapsé in a broader and gener

maps containing causal structures.

Il. Macro level CaM inthe formofa  Causal Loop Diagram (CLD): global

perspective (internationally )

lll. Micro level CaM inthe formofa CLD: local perspective (one country )

IV. Mapping of "resources" concept over the Micro CLD from the perspective of

resource maps method (Kunc and Morecroft, 2010)
V. Enhanced RM design in software
B. AiM and AbM design

VI. CaM of main statements  (going back and redesigned )t o r ef |

decisions and activities
VII. AiM and AbM drafts for interrelations and rules
C. RAM design

VIIl. RAM draft: new CaM on which to position resources and agents in a

combined (interrelated) perspective

ect mar ket

IX. RAM in software iterative versions including that version from published

journal paper (Kazakov et al., 2021)

Figure 7.2.1 provides main coded statements , taken from documented sources rel

ated to

the ERP effects on the market system , grouped on a causal map . The procedure of

eliciting causal structures from a purposeful text followed Kim and Anderson (2012 ), and

Turner, Kim and Anderson (2014 ) paper, which demonstrated the design of causal maps

from the Federal Open Market Committee meetings and assertions , which later supported
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the design of causal loop diagrams with the purpose of craft ing and validat ing formal

simulation models.

Also, the term &ausal maps 6dand @ausal mapping 6are used here to denote different

m ethods for eliciting word  -and -arrow diagrams directly from qualitative data (Axelrod
(1976) or Eden et al. (1992) , with the purpose to derive  structural relationships among a
set of causal assertions  or statements made b y a stakeholder or stakeholders group .
Each concept or statement is represented by a word or a phrase, and the relationships
between concepts or statements are specified with an arrow (with or without specifying
positive or negative  polarity to show the nature of the causal relationship ). Arrows
between statements can represent not only causal connections but they candenote a

sequence of events or other forms of influence  (Kim and Anderson, 2012) .

Statements labelled with the number 1 come from the EC commissioned DE simulation
project (Toumi et al. 2014) on ERP regulation regarding drug price spillover effect,

incentives for pharmaceutical companies to engage into product launch sequence
activities and regarding limitations including need to account for parallel trading of drugs

among EU countries and other drug pricing policies interfering with ERP.

Statements labelled with the number 2 come from innovative and generic industry
associations: "ERP interferes with other price lowering tools and can lead to lack of

available, affordable drugs either generic or innovative".

Statement with  the number 3 provide evidence for strategic pricing and state price

discounts (Vogler et. al. 2015).

Statements labelled with the number 4 provide i nformation on industry retaliation
activities in response to the ERP regulation, like (Carone et al., 201 4, Vogler et al., 2015,
Toumi et al., 2014 ):

o pharmaceutical companies  give non disclosed discounts to distributors
o drug launch prioritisation
0 compe te on price discounts

0 keep prices higher to exploit ERP

Statement number 5. comes from Kanavos et. al. (2010) giving info on launch delays

and product withdrawals used among market actors .

That procedure produced drafting and redrafting subsequent causal maps which
supported the purposive design of a representative RM containing all components
characteristic for the RM technique. Figures 7.2.1, 7.2.2, 7.2.3and 7.2.4 present the

maps drafted in support of the enhanced RM design. Redrafting of the  maps followed the
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iterative steps of the maps creation through the  authors continuous reflection on the
maps correct representation of the ERP market system , coming out of the documented
state ments of the stakeholders aboutthe ERP sy st ems®uices , actors and their

interrelations
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5. EPR is associated with 1. different scenarios
important short- and  illustrated spil-over and

long-term issues circular effects of ERP ) )
5. manufacturers apply launch 1. support previous studies on _
strategies to exert upward pressure on industryds incentives to eng
prices (e.g. launch delays or product into launch sequence strategy
withdrawals) .
1. Further researches to include
4. circular parallel trade into the model could
.pricing make this tool even more powerful
4. ERP mav lead to prices bei:\ EXTERNAL /: EGA: referencing prices in countries where
60 high ,pr{:e aton) ard ot RE’;{Elgli’\éCE\, procurement and tendering systems are in place
reflecting national market <—___ 4
conditions 4. achieving

cost-containment
/through ERP limited
4. industry may avoid

competition on prices and
rather competes on discounts

(driving down the prices to unsustainable levels)
would be detrimental for the Gx, for patients
(availability of affordable Gx) and for payers (savings)

3. apply strategic pricing 2" EFp|A: ERP and parallel trade created
methods when launching gpjover effects from low price to higher

products price countries leading to patient access
issues in low price markets

1

3. industry and insurance
institutions reach lower prices

. Fro through discounts/rebates
4. industry may adapt strategically and

continuously to ERP, partially eroding the
potential for cost-containment. The industry can

1. other pricing policies,
potentially amplified by

launch products in countries with high ERP
pharmaceutical prices first (e.g. Germany)
4.industry negotiates discounts with distributors /not When INN or no INN;
communicated/ and leave listed prices unaffected. Co-payment effect? Can have no
Pay-back mechanisms may ex-post lower the effective effect due to high price drug
prices, parallel trade may lower effective prices in high overexpenditure
price countries.Packaging also differs
Figure 7.2.1 Main coded statements taken from documented sources related to the ERP effects on the market system
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Initially a macro level CaM of product pricing (Wolstenholme 1999; Howick et al. 2008;
Howick & Eden 2009; Diaz et al. 2015; Coyle 2000; Kazakov & Petrova 2015) was

constructed inthe form ofa CLD  following main documented st atements presented in
previous Figure 7.2.1, regarding resource, agent and their interaction components of the

pharmaceutical market. The goal of that map is to frame the system boundary and

factors influencing drug pricing, like competition and informati on imperfection, and to
support the design of the extended RM. A macro level like CLD related to the public drug
price approval regulation has the goal of also depicting the contextual effect of External
Reference Pricing (ERP), Internal Reference Pricing (competition on INN), and Parallel

Trade (PT) on product market and product price

Market entry IRP intended Medicine real price
( comp eﬁect per MNF

Imperfect Medlcme 0ﬂic1al Generic drug

nformation 4 fnce per MNF)\ competition

FU price downward VBP intended EU price upward
convergence effect convergence
+
L)
ERP intended g
entry effect
Figure 7.2.2 A macro level CLD related to the public drug price approval regulation and

contextual effects
Key insights which we can get from Figure 7.2.2 would be related to the effect of the

external reference pricing (ERP), which could lead to the counterintuitive EU wide upward

price convergence or maintenance of a higher price for a longer period of time ( OEU price
upward conv eatLaeRlcadhe CLD informed through statements with labels 3,

4 and 5 from the previous Figure 721 , which also inform é6Market entry
competitiond). Another one could be t hregulatidbRP al one (v
directed to product competition) would not produce the intended effect of lowering

product price (' 6&6Medicinal real price per inMdoFd and Me

B2, informed through statements labeled with number 4).
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OEU paowrwar d c on vireboap Bh oretlie map was informed through the
innovative and generic drug industries statements labeled 1, 2 and 3., which also inform

O6Medi cine market volumed and é6Generic drug competitioc

5. manufacturers apply launch
strategies fo exert upward pressure on
prices (e.g. launch delays or product
withdrawals)

EXTERNAL -
REFERENCE -

4. ERP may lead to prices being

too high /price inflation/ and not PRICING -
reflecting national market o )
conditions 4. achieving
cost-containment
through ERP limited
7 .
“-Medicine official 4~ Generic drug
:= rice per MNF competition

NOE

d VBP ntended
effect

O

EERP intended
entry effect

EU price upward
convergence

Figure 7.2.2.a How statements from Figure 7.2.1 inform variables in Figure 7.2.2

Figure 7.2.2.a gives an example of how statements 4 and5 from Figure 7.2.1 are

transformed in one variable OEU price Jnpaddidionda conver ge
micr o level CLD on Figure 7.2.3 was made in a next iteration stage to transform the

macro CLD components into a local market micro CLD, which to take account of and

exhibits feedback relations among demand from patients and supply from drug

manufacturers, cons trained by budget resources, public and market retail price,

contextual price regulation and market competition. That micro level CLD followed the

logic of interrelations within the macro CLD and had the goal to capture local market

functional interrelatio ns and effects connected to the ERP effect
mar ket volumedé transformed into 6Country supplyodé and
60f ficial medicine price for reimbdé, O6Agreed with pay
O0Publhiac mMAceuti cal Budgetd and 6Competitiond including
regulation factors I|ike 61NN prescribingéd etc. and 6F
documented statements included in the CoM are evident and can be followed back to all

of them, through the previous explanation of Figure 7.2.2. A number of important

interconnections and feedback loops have emerged on the micro CLD, Il i ke 6Parallel T
and 6Country supplyd and official public price, pri ce
competition and retail price and prices and 6Country
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bet ween factors, resources and affecteddleaughthe ER®Pr sdé act i vit
regulation. Inadequate price regulation and inappropriate level of public funding would
have negative effect on demand which in turn would keep the product price higher if not

enough condition for market competition.

Internal reference R&D and
Therapeutic group or pricing Productlon
molecule (INN)
substltunon
Price calculation
C ountry Sllpply
INN prescribing +C ompetltlon method effect
Parallel Trade _ &
‘——"_‘\

Official medicme - External Reference Pricing
price for reimb effect on price lowering

Price e]ast1c1ty +
Am‘eed with payor % Reference country

flect
Retall pI‘lce off public price + grotp eflee
Alternarrve drug price
information
Country Demand
Public Pharmaceutical Non-compliant
Budget patient population
+ -

Level of Reimb

Figure 7.2 .3 Amicro level CLD of the ERP effect on the pharmaceutical market

Reflecting on the micro level CLD of the ERP regulation effects on the market system,

further a next iteration of the map was created, containing drafted layer over the map

from the per spective of the resource maps method ( Kunc and Morecroft, 2010 ),

containing main resources conceptualization and in addition including act or &8s

conceptualization within the market system (Figure 7.2.4). For example, O6Country s
and Country dermwereddnceptumlzdéd as connected to drug stock resources

and | abelled with 6R6 and a rectangular shape with in
Other factors on the map which were conceptualized as resources were official drug price

and retail price, parallel trade and drug public budget. The main criterion for a resource

was that resources or stocks of resources can increase, accumulate or decrease,

following from main system dynamics concepts regarding stocks and flows and their

graphical notation. =~ What was interesting, doctors and patients connected to the drug

resources demand factor, were conceptualized both as
one side, they are strategic resources for the government and the drug companies, but

on the other sidet hey can take decisions and actions related to prescribing or buying a
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drug, this influencing on drug stock resources in a local market. Other important market

agents are the government (pricing authorities) and pharmaceutical companies (drug
manufacturers  and drug parallel traders), which have influence with their decisions on

the ERP rules and on drug resources supplied to a local market or traded among EU

countries.
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parallel

T ' traders
pharmacies

drug
companies

©,

Internal reference

. o= Production=—=¢="

---------------------------------------- an pricing (IRP)
Therapeutic group or
molecule (INN)
Contextual substitution (+
regulation

<?>+ Price calculation
e method effect =~ -

Country -
4 Supply L
Parallel |z ﬁ +; '@q External Reference
L . ot Government
brand Trade Official Pricing effect on price ERP rules

or

- medicine pricd lowering
O=xp-{ M8 I% 2

rem

+

Alternative drug
»price information

P ublic
Pharmaceutical ==

Budget

==

Figure 7.2.4 Reflecting on the micro level
perspectives

Agreed with payor %
off public price

\\lLevel of Reimb/

Reference country,

group effect
NE

Q#’ Country —C )

Demand

Non-compliant \
patient populatioRe-""

CLD of the ERP regulation effects on the market system, bringing resource and agent
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In that respect and line of working a next version of the micro CLD emerged this time
following the conceptualizatio n of a resource map ping method ( Kunc and Morecroft,
2010 ), reflecting on the market system resources from internal and external perspectives

(explained in the theoretical framework), connected to the RBT and RDT. Figure 7.2.5

provides this RM version on wh ich é6Drug supplyd and 6Country demand
second drafted version of the micro CLDwere transferred into o6drugVol um
06drugVol umeBoughtd on the enhanced RM. o6Parallel Trac

6Parall el Exportd, dalblBwdPhtad maeccaimea O6DrugPubl i cExpen
medi cine price for reimbdé was transferred in O06DrugPub
6DrugMarket Priced. OExternal Ref erence Pricing effect
OExt Ref er Pr iPcEf& excnnd .6 ER

Doctors and patients were included as resources on which competition
(6DrugCompetitionEffectdéd) has effect to prescribe or
included to denote important point of drugs entering into a local market, reflecting drug

companiesdéd decisions when to supply drug to a chosen

payer % off public price6 was included in the enhance
During the process of working and reflecting on the maps and their iterative versio ns and

transferring them into an enhanced RM, and thinking on the resource conceptualization

of the ERP effects on the drug market system, the not
decisions that are influencing on resource levels , started toemerge. Thatwas later

developed in the process of drafting agent maps and when combining the enhanced RM
with them into a hybrid RAM. Also, that notion was applied further in the software
specification of the hybrid SD and AB simulation interactions between agent decision S

and resource levels , through their influenc ing on stocks inflow and outflow rates.

When the map was completed, the pharmaceutical ERP system structure was
differentiated by three different coloured interconnected substructures: Innovative drug
market, Market with generic drug competition, and Parallel trade market. They emerged
to have a separate and combined influence on the ERP system in relation to resource

|l evel s and agentsd behaviour.

The next phase of the mapping process included identification of important reinforcing
(R) and balancing (B) feedback loops, which provided the nonlinear dynamic state of the
pharmaceutical market system. These loops were highlighted by examination of the
interconnections between the system resources. A key variable in the market is product
price (the officially approved price and the one used in the retail market). The higher the

officially approved price of a medicine (drug molecule) in a price reference country, the

higher the product public price in the referenced c ountry (Loop R1), and the higher the
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capability for supply (volume) of that molecule (either under patent or off - patent),
evident in Loop R2. However, this reinforcing feedback loop could produce the opposite

cycle if the referenced and then the reference price start to decrease.

The higher the effect of the ERP in one country on price lowering, the lower the level of
the official drug price. In turn, there would be a lower willingness to supply the drug in
certain countries for economic reasons and to eva de circular price benchmarking

ERP countries. Maintaining a higher market price per manufacturer would result in a

among

higher profit margin, which would increase manufacturing and supply . This in turn would

allow companies to relax the retail price in a monopolistic patent market, giving larger
discount to the public payers (Loop B1); in addition a higher market price would decrease
drug consumption in an off patent market which would produce competitive pressure on
price discounting, leading to a decreas e in market price (Loop B2). Another important
factor on the market , will be the level of the parallel trade (buying the imported medicine
from a lower priced national market and re -exporting it to an EU country with a higher
priced molecule ). This would a ffect the local market drug volume negatively through

reduced drug availability and a decision not to supply to that local market (Loop B3).

However, market competition (supply of the molecule by rival companies) could offset

the availability problem, eit her without or with a delay. The degree of market competition
would be higher with the higher number of suppliers (generic medicine manufacturers)
entering the off patent market, and would be generating higher demand through an

increase in incentivizing ac  tivity and doctor prescriptions (Loop R3).
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Figure 7.2.5 Enhanced Resource Map of the ERP regulation system
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An AiM of the pharmaceutical market is provided on Figure 7.2.6. The key market agents

influence each otherés behaviour by interacting with
the market environment/regulation. Manufacturers are influenc ed by Pricing and

Reimbursement, and Prescribing and Dispensing regulation, including drug public price,

controlled by the governmentds expenditure budget. Dc
influenced by companies and government incentives. Patients are influenc ed by Doctors

and Pharmacists and by the level of information they have regarding medicines price.

The Agent interaction map on Figure 7.2.6 describes the drug manufacturing (MNF)

agent as following three main condition/action rules: Agent Supply Rule, Mar ket Pricing

Rule and Doctor Incentivizing Rule, the first two of which are analysed in more detail by

the Agent behaviour map in Figure 7.2.9.

The Agent Supply Rule, i.e. manufacturing agent supply condition/action routine is

affected not only by the ERP rule controlling the public price of the medicines, but also by
a number of market factors such as the limited allocated public drug budget for which
company agents compete, drug demand, market price competition and drug actual price.
Prescribing regulatio  n influences doctors prescribing patterns and doctor incentivizing
rules, which in turn influence doctors prescribing rule by brand incentivizing activity;
dispensing regulation influences pharmacy dispensing rules and drug agent market

pricing rules, whic  h in turn influence further dispensing patterns by product price
discounting; reimbursement regulation influences market pricing rules through drug

market price competition and patient buying rules through the level of reimbursement

and patient co -payment.

The agent interaction map reveals not only who influences who, but which agent

behavioural rule influences other rules. The ERP rule effect on drug manufacturing agent

behaviour is imposed directly on agent decisions to supply through drug public price

setting and indirectly on agent market pricing rules through the market price discount.

Furthermore, a pharmaceutical firm agent supply and market pricing rules are influenced

by key market factors like drug demand, drug public budget appropriation, market price
competition and parallel export/import. Market Agents, individual or organizational,

follow a behavioural pattern, determining what action they take at any time and after

what rule, informed by their perception of the environment and optimal decision making.
Agents can change their behavioural pattern prospectively or reactively in order to adapt

to the changing environment.
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Figure 7.2.6 Agent interaction map (AiM)
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Main agents (market actors) on the ERP market system were identified from the
documented assertions and working through the process of drafting and redrafting CoM,
CaM and enhanced RM, including conce ptualization of agentsd main beha

respect to the ERP effect on the market.

Each agent was positioned on the map in order from left to right, from drug

manufacturer to government, doctor, pharmacist, patient, with corresponding labels for

mai n behaviour al rules of each actor. O6DrugMNFAgent
formation and drug marketing, so their rules were | at
O0Mar ket PricingRuled and O6DoclncentRuled (rule for dru

prescribe a drug). Government agent makes decisions regarding the ERP tool set and

ot her contextual drug pricing regulation, so 6Governr
OERPRul e6, OPrescribingRegul ationd, ODispensingRegul ¢
prescribing decision rules are | abelled 6PrescribingR

0Di spensingRul edéd and patients buy medicines having O6E
other decisions and decision rules, the AiM includes main behaviors and associated rules

which ar e relevant to the ERP effect research question.

Also, important influencing factors (taken from the documented statements) were

included among agents and their rules (drug budget, public price, parallel trade, drug

market price and drug demand, price comp etition). Interconnections between each agent
rules and important factors have been made in order to correspond to main documented

statements and assertions.

The Agent -behaviour routines emerged from the collected information and the agent

interaction map  analysis, and depicts the drug manufacturer forward looking behavioural

model . This relates to the market agentds perfor mance
organi zationds future economic state. |1t is presentec

interlinked anticip  ated goals, heuristics, and conditions/actions.

The m ain documented assertions regarding the market agent behavioural patterns and

conditional components of the AiM were initially worked out through drafting and

redrafting on previous maps (Figures 7.2.1and 7.2.4) , resulting in a redrafted CaM

(Figure 7.2.7)  with reconnected components to reflect better how the ERP regulation

incentivize the mai n mar ket agentsd decisions and actions in
condition to action sequential causal structure of interconnected statements about their

behavioural pattern  (Figure 7.2.7 and 7.2.8). That procedure followed a reflection on the

previous maps and on the principles for agent behavioural rules described and supported

through CAS, BDT and AST combi  ned theoretical framework.
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The initial CaM as redesigned from Figure 7.2.1 with the purpose to highlight the

condition to action agent behavioural pattern (Figure 7.2.7), regarding the

manufacturerés decision rules to supply drugs and to
the ERP regulation and market logic. Comparing Figure 7.2.7 and Figure 7.2.8, one could

follow which documented statement regarding the ERP effects on the market system and

main actors behaviour informs agents condition and action rules pattern (connected to

drug MNF agent): statements 1 a,lb,4d,3band5bi nform drug MNF agent OAct

and 6Condition 16, OActibpat@meand3aContdot mendROti en 3
6Condition 36, statement 4a and statement 4b inform @
statement 4c informs 6Action 5 6 and 6Condition 5086, v
market logic, regarding drug market competition effe ct and refers back to the generic
drug industry official statements (Toumi et al , 20114
6Condition 76, whHi héosmataemsotoAction 80.
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4. achieving cost-containment through ERP limited
/higher expenditure due to imperferct market re high
price, launch delay, withdrawal / relaunching, high
co-payment/lowcompliance, hidden differential pricing
with government; along pharmacy chain etc

5. EPR is associated with 4. industry may adapt strategically and
important short- and ) _ continuously to ERP, partially eroding the
long-term issues _1. different scenarios potential for cost-containment. The industry can
ilustrated spill-over and launch products in countries with high
circular effects of ERP pharmaceutical prices first (e.g. Germany)

4. ERP may lead to prices b

1. support previous studies on too high /price inflation/ and 1

industryés incentives to engage : -
ERP effect on into launch squence strategy—m  5- Manufacturers apply%aungch - [leflecting ng_gonal market
market agent__———— = strategies to exert upward pressure on condrtions

behaviour \ prices (e.g. launch delays or product
3. apply strategic pricing withdrawals)
methods when launching
products ™ 3. industry and insurance
institutions reach lower prices 4. industry may avoid
through discounts/rebates competition on prices and

rather competes on discounts
4.industry negotiates discounts with distributors /nﬁ/

communicated/ and leave listed prices unaffected.
Pay-back mechanisms may ex-post lower the effec

prices, parallel trade may lower effective prices in high 5
price countries.Packaging also differs When INN or no INN market? Co-payment
effect? Price linkage? Can have no effect due

to high price drug overexpenditure in branded
Gx market / price margin e‘ffect in pharmacy

1. other pricing policies,
potentially amplified by
ERP

Figure 7.2.7 Initial agent behaviour map, drafted after documented statements
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Condition /rule/ 3: Only if the

negotiated % off the public Pr =

Condition /rule/ 1: Prioritize
launch from higher to lower
GDP/Price index country

N\

1. Make choice in
which country to
launch a new in-

patent drug \

/

3. Negotiate with Payer
optimal non-public % off
public Pr or a mandatory %
according to the local

/1

2. Get official Pr approval
by the national pricing
authority

7

An innovative
pharmaceutical company

behaviour pattern related
to ERP
Condition /rule/ 2: Product
Pr =< Ave/Lowest Pr or
other within ERP country
group according the local
regulation

regulation \

4. Negotiate a confidential
% off the public Pr along

non-public or = mandatory

condition for PDL, and if the

nPr > company Pr barrier

Condition /rule/ 4:
Competitive pricing tactic to
reach a planned % of the

market
the pharmacy chain \ /

5. Lower or keep the public
Printimet according to
local ERP regulation
including reference country
group which can change

over time

AN

Figure 7.2.8 Version Il of agent behaviour map draft including conditions associated with actions

/

6. Lower Prwith ...% in
order to react to generic
competition

Condition frule/ 7: Public Pr
=< company Pr barrier

P

7. Withdraw product from

the local market
\\ 8. Re-enter the

market in time t

AN

Condition /rule/ 8:
After a changein

N

Condition frulef 6: After 2" roduct MAH/MNE
or 3 generic entry or after pallowin Pr>= Pr
a % change in the product g )

barrier

market /10% off or other/ or
if the product market = price
elactic

Condition frule/ 5: Next Pr
check in time t, according to
local ERP regulation
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On the next drafting step, a next version of the AbM was designed in software, reflecting

further on connections between agentsd sequence of ac
from the Ai M, denoting arrows representi prgsendingt i ons Wwi
conditions with | abel 06C6. Also, an overarching goal
deci sion heuristics principles were included in order

behaviour and behavioural decision making guiding scheme.

The AbM on Figure 7.2.9 depicts each decision/action routine for a chosen agent based

on the agent interaction map and on the previous agent behaviour maps versions

(Figures 7.2.7and 7.2.8 ). The depiction of agent behaviour, i.e. decision/action routine

was informed by the collected data regarding stakeholder assertions on the ERP effect

and related pharmaceutical companies response , depicted onthe previous agent map

versions , but this time following a BDT (Kahneman & Tversky 1979; Kahneman 2003a)

and AST (Rosen 1985; Pezzulo 2008; Butz et al. 2007) framework protocol. Figure 7.2.9

represents a network matrix of agent condition/actions sequence based on agent

anticipated action related goals , gQuided by the agentds main behaviou

decision system. The mapping starts from the top of the matrix using short phrases

linked by wunidirectional arrows that provide descript
the agent decision heuristc , t he agent 6s actions and related condi
using arrows | abelled AA0 for action and ACO for cond

the decision/action routine is aligned to the goal, heuristic, condition/action and decision

system pr otocol, while on the left side agent behaviour rules are mapped.

The drug manufacturing AbM in Figure 7.2.9 provides insight about the behavioural
routine of the pharmaceutical agents in response to the ERP regulation in EU. Drug
Manufacturing Agents have an anticipated payoff (Butz & Pezzulo 2008; Pezzulo &
Castelfranchi 2009) or economic return on investment in R&D attached to any product
launch, in the form of a planned profit margin percentage ratio, with a minimum barrier
which should not be overpassed . Their price decision making is driven by the dominant
logic of the market (Prahalad & Bettis 1986; Helfat & Peteraf 2015), following anchor and
adjustment and loss aversion behavioural heuristics (Kahneman & Tversky 1979;
Stanovich et al. 2010; Kahneman & Tversky 1982; Kahneman 2003b; Kahneman 2003a;
Tversky & Kahneman 1974; Schwenk 1984; Schwenk 1988; Simon 2000; Simon &
Feldman 1959; Axelrod 1976).

The anchor and adjustment principle related behaviour is translated into a sequential
productlaunchinga cti vity in the EU country markets, Aanchor.i
GDP countries which can support higher price setting than other countries; and then
Afadjustingo the public and mar ket price through mands

negotiation with loca | payers, and further through competitive discounting (Carone et al.
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201 4; Leopold et al. 2012; Vogler & Paterson 2017; Vogler et al. 2014; Schneider 2017).
Further, the above price setting heuristic allows pricing the product at an optimal level

and explo iting an upward feedback pricing effect through the ERP regulation.

The loss aversion principle behaviour is translated into Avoiding the ERP feedback effect 6
leading to price reduction in the referenced country . This is done by maintaining higher

local public pricing, competing on market price discounting or even by product

withdrawal on the condition that the ERP feedback effect could lead to unaccepted public

price reduction in the referenced country and further to a spillover effect in other Cross
referenced country markets. Agents can re -enter the market if there is no ERP effect or

if there is an appropriate change in the pricing regulation

The mapped agent activity pattern aims to unveil the
behaviour a nd their condition/action dependence. The map can also inform the modelling
coding process through the links between agent behaviour and the rules and conditions it

will be dependent on.
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Articipated Goal

Optimal economic return in a planned % range
Heuristic

Loss aversion

—

Anchor and Adjustment

A

Action: Mairtain higher local public pricing in
order to avoid downward cross reference pricing

WA
Action: Launch product in country N where product public price can he set
at optimal high level in or%er to explot upward feedback pricing effect; ——u0u0wo i~
., Py -
"o, //
" Condition: If ERP feedback effect would lead
/ to unaccepted price reduction level in the

AgentMSupplyRule /
Condition: If courtry N has the highest GDP

from the rest target markets in the EU

Condition: If only price
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C
/ instead of price reduction
s
¥,
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Action: Re-enter the market in time t
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up to a predefined price limit

AgentMPricingRule
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~
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payer and wholesaler —
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o
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-
-
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C\
Condition: If no or acceptable ERP effect

Condition J Action

Decision System

Figure 7.2.9 Agent behaviour map (AbM)

System II: rule governed and deliborately controlled
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7. 3 Integrating Resource/Agent Mapping to create a hybrid RAM

The Resource and Agent Maps were integrated (RAM), with the aim to highlight the main
interdependencies among the key market Agents and market Resources in relat ion to the
ERP effect on the pharmaceutical market dynamics. The hybrid RAM analysis presents a

rich cognitive model of the pharmaceutical market, driven by a number of important

feedback loops and agents forward looking behavioural decision making routine s,
exhibiting the supply and demand dynamics on a pharmaceutical country market without

or with competition (on  -patent or off -patent market). Integrating RM and AM supports a
comprehensive hybrid exploration of the complex interrelations among market agent s
and market resources and can be used to become a blueprint for the integration of

system dynamic and agent based qualitative and quantitative modelling methodological
frameworks, through the identification of the mediation effect of agent decision/action

routine on the resource system evolution.

The procedure for designing the maps so far, including enhanced RM, AiM and AbM

consisted of the following iterative steps.

Enhanced RM design:

l. Drafting a CoM of main documented statements regarding resources and
agentsdé actions through including coded
drawing connection regarding ERP effects

Il. Making a draft of a macro CaM and a micro CaM regarding main resources and
links using arrows and signs to denote direction of influence. Drawing stock
and flow boxes and arrows over the main resources on the micro CaM and
making notes on the map. Making note on
linking them to the resources on the map.

M. Making iterative draft versions of enhanced RM in soft ware, transferring main
resources and interrelations from the previous drafted CaM into a formal stock
and flow diagram including signs for direction of influence.

V. Elaborating the enhanced RM reflecting on previous maps and notes and on

conversations with experts about the RM.
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AiM and AbM design:

Drafting an initial AiM from reflection on documented statements and previous
maps.

Reflecting on and  drafting decision (condition to action) rules related to each
main agent included in the AiM.

Drafting an AbM in software and linking with theoretical framework.

RAM design:

Drafting an initial resources and agents combined map reflecting on all

previous maps and on positions and interrelations of resources and agents

within the ERP market system and in respect to the PhD research question.
Drafting a RAM in software using gr aphical notation available in the software
tool set

Redrafting the RAM after conversations with experts

RM and AM (AiM and AbM) were integrated using the following process:

o Simplify the RM by keeping key resources, inflows, outflows and feedback loops
the modelled system with the influence arrows network realigned;
o0 Connect the key agents included in the A iM (Agent Interaction Map) to their

relevant decision points on the RM by using unidirectional arrows and denoting

the decision points by the unif ied modelling language (UML) sign for a decision

branch (a diamond shape);

o0 Label the arrows connecting the agents with their decision points by the name for

their relevant behaviour rule, identified on the A iM (Agent Interaction

explained onthe  AbM (Agent Behaviour  Map);

o0 Making iterative versions to reflect expert opinion

The combination of the enhanced RM and AbM and AiM to provide an integrated RAM was

not straightforward but involv ed iterative versions guided by the need to keep all

important components of all maps but translating them into a unified graphical form. For

example, some of the system components appear to have different conceptual and

graphical notations in different maps, but in RAM they needed to evolve into a unified

conceptual and graphical notation. Another example can relate also to choosing the most

relevant graphical symbolization in respect to the novel AbM and AiM and in relation to

their transfer onto the enhanced RM in a convenient and clear graphical approach

connected to links, labels, symbols etc. components of the graphical apparatus.
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TheResour ce/ Agent interaction mapds key aim is to elici
agents upon the pharmaceutical system resource configuration through their

decision/action routine, and to find where the agent/resource decision intersection points

lie. These a re denoted on the map by the use of an UML graphical symbol for decision

branch for visual comprehension of the key turning points in the resource structure

emerging out of agentsd activity. The RAM is conceptu
overlaying of the R M and AM, but as a higher order integrated map which can help

further understanding of the endogenous dynamic interdependence among agent

decision/action and resource accumulation and depletion, transforming the market

system into a system of agent/resourc e configuration sets. Using the hybrid RAM, turning

points of the pharmaceuti cal mar ket system were founo
rules, which form their behavioural routine, can influence the system behaviour in

counterintuitive and nonobvious direc tions. For example, the drug manufacturer agent

decision/action rules related to drug supply, drug pricing and doctor incentivizing could

have a turning effect on the ERP purpose to reduce prices by turning the intended vicious

feedback loop into a virtuo us one through launch sequencing, maintaining higher price,

and competing on nonpublic discounting and prescription incentivizing evident in the RAM

at Loop R1, Loop R2 and Loop B2.

In the drafting of the RAM, an initial resource agent map was produced at tempting to
conceptualize a combined ERP market system and interconnections among system
components in connection to the PhD research question. Figure 7.3.1.a represents

(including Figure 7.3.1.b) that initial draft here , Wich main components include the

following:

o0 Agents on the market are price authorities which control national ERP
o Innovative and generic drug manufacturers which make decision to enter or exit
chosen local markets  and decision s on their local drug’s price influenced through
local ERP regulation and through competitive market price s
o Doctors who decide what drug to prescribe , influenced through drug market
competition
o Pharmacists who have or do not have decision on drug dispensing
o Patientswhodecide t o foll ow doctorés prescription influer

and public funding.

All actors influence the stocks and stock level of the drug supplied on the local market

which influence the level of local market competition.
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Figure 7.3.1 Initialr  esource agent conceptualization of a combined ERP market system
and interconnections among system components

Figure 7.3.1 represents the initial RAM drafting and reflection on the resource and

agentsd interrelations i n r esperitetiafar BRPeValeatioB.RP ef f ect
That redrafting and notation over the initial draft supported the conceptualization of the

positions of and connections among the components of the system, main important

decision rules of main agents, main influencing factors and main ERP documented

statements from a combined resource agent perspective and from main criteria for ERP

evaluation.

Reflecting on all maps before and on the specific hybrid ERP market system , also
generated considerations regarding ethical dimensions and regarding affordability vs.

availability contradiction like a societal challenge and important public private policy

a

guestion. Drug companiesdé decision to supply or witho

canproduce &édmor al hazardd and 6éadverse selectiond pher

2000) , all of which are connected to the ERP effects on market resources and agent

decisions.

Key considerations elicited by the analysis of the RAM, related to the ERP effect on
equitable drug access, availability and affordability on a national and EU wide level,

undermining patient medicinal treatment efficiency and health outcome are as follows
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o0 A medicinal product could have a delayed entry in one EU country compared to
another due to an ERP (avoiding circular price referencing, sequential launching
and other drug company activities) effect or due to other local pricing regulation,
manufactu ring capacity or market competition avoidance / rival agreement effect;

o0 A medicinal product could become temporarily unavailable in one EU country due

to a parallel trade effect or due to strategic withdrawal (a market tactic to exit and

re-enter withhigh er price and not to interfere with

regulation; or due to competition; or to be redirected to another country market
due to a price/volume agreement with the government/payer);
0 A product could have a low affordability level (having hi gh reimbursement or high
out - of - pocket value) by maintaining higher official and higher actual retail price
for longer than it would have been capable of if there were no ERP regulation, in
order to generate upward pricing and a circulation effect through a wider ERP

application;

The above analysis was supported by the RAM through exploring the possible effect of

the agentsdéd condition/action routines on the

the enhanced RM, having influence on to the key turning points in the RAM. Being able to

fsee the wholed complexity of the ERP effect through
to the advantages pointed out by Ackermann ( 2012a)
is explored from a range of perspectives, (b) w idening the number of alternatives

generated and (c) enabling new options to emergeo.

Figure 7.3.2 provides a hybrid RAM (Kazakov et al., 2021), exhibiting the map version,

achieved after the journal editing procedure and communication with three anonymo us

journal reviewers.
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Figure 7.3.2 Hybrid RAM version (EJOR version, Kazakov et al., 2021)
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7.4 Scenario identification with RAM

Using the RAM, eight hypothetical scenario cases related to the ERP effect on the
pharmaceutical market were identified and are included in Table 7. 4.1. It is worth noting
that these could also be used for simulation testing as working hypotheses. In general,
researchers using a RAM constructed for a specific Resource/Agent system can consider

three aspects to generate and explore system scen arios:

o Variation in resource structure of the system (for ERP this was monopolistic or
with competition or with or without parallel trade)

o Variation in the researched agent behaviour rules, (for ERP, the rules imposed by
the government)

o Contextually relat ed variations (for ERP this includes local differences in
prescribing, dispensing and reimbursement regulation), in order to analyze their

mediating effect on the agent rule and resource system evolution.

According to the different national market res ource structure and government agent
regulation rules influencing manufacturing agent condition/action rule and the turning

points feedback effect on resource evolution, the authors distinguished different effects

on product delay, availability and afforda bility level. Depending on the type of market
system structure, i.e. monopolistic (Loops R1 and R2 on Figure 7.2.11.a and 7.2.11.b) or

with competition (Loops B1 and B2), without or with Parallel export/import (Loop B3),

the type of External Reference Pric ing methodological apparatus (GovernmentAgent ERP
Rule), difference in the additional contextual factors linked to market competition such as

local pricing regulation, prescribing, dispensing and reimbursement regulation (Loop R3),

the effect on market res  ource and market agent decision/action routine dynamics might

differ substantially.

Table 7.4.1 consists of eight scenarios identified following the three steps process

described above.

Scenario | explores the ERP regulation effect on a monopolistic drug market, i.e. a drugs
market under patent protection. Under such market companies can delay product entry

into less attractive countries in terms of local pricing regulation. For example, if there are

local mandatory price discounts for reimbursement that could have price decreasing
feedback or spill out effect through the ERP mechanism, such countries might experience

a delay in product entry and equitable access to drug therapy. The effect of ERP in such

market on drug affordability for patients is zero d ue to the full reimbursement of

patented drugs by the healthcare funds.
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Table 7.4.1 Scenario insight analysis of the integrated RAM

Scenario
I. ERP in monopolistic
market (only patented

drugs)

[I. ERP in market with
competition (paten t and off

patent)

lll. ERP with Parallel Export

IVV. ERP with variation in
pricing methodology
(country basket, price
calculation by min., average
or taking discount into
account, reference price

revision timing)

V.ERPinl NN or branded

drug prescription market

VI. ERP in branded market
with INN product
replacement

VII. ERP in market with
variation in reimbursement

level

Hypothesis for hybrid simulation analysis

ERP effect on access: delay in product entry;

ERP effect on affordability: no effect if
reimbursement is full but high effect on the public
budget resources;

ERP effect on availability: no effect on drug exit;
ERP effect on access: delay in product entry;

ERP effect on affordability: no effect if
reimbursement is full; the lower the reimbursement
the lower the affordability, i.e. the higher the
copayment;

ERP effect on availability: effect on drug exit, if price
competition is too intensive and ERP cross reference
loop could lead to downward price convergence;

ERP effect with Parallel export . Parallel export does
not interfere with ERP regulation;

A. Including inappropriate countries in one basket

for price referencing, could lead to either overpricing

or underpricing, B. Price calculation principle based
on min. or average without taking into account

product volume, including price discount could again
misguide price comparison like in A.; C. Regularity

and timing of price revision could have effect on

price level variation frequency;

ERP country baskets with innovative or generic
brand prescription would propagate more inflated
prices than country baskets with INN prescription.
ERP comp arison among such markets would reach

faster price convergence;

ERP effect on access, availability and affordability is
related to price reimbursement level, or copayment

level,
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VIII. ERP in market with ERP among countries  with different local price

additional pricing regulation competitive systems could put an artificial barrier to
(internal reference pricing , competitive action by companies in order to prevent
price linkage, mandatory spillover effect and thus hinder market competition
discount) price reduction effect;
However, the ERP effect on price reductio n wil |l be offset by compani esd g

sequencing strategies which can have an upwards effect through the exploitation of the

Loop R1 reinforcing cycle in the upward direction . This way , registering at the highest
public price in the first country a nd transferring that price to the rest of the country
markets in the launch sequence country basket. In that scenario there will be no effect

on product availability due to the lack of price reduction related incentives to leave any

local market.

Scenario Il explores a market with competition among patented and off patent drugs
The ERP effect on access will be again a delay in product entry due to launch sequencing
strategies to exploit the upward reinforcing effect of the ERP regulation. However due to

m arket competition, the effect on access delay should be less than that in Scenario 1.

ERP effect on price affordability will be zero if reimbursement is full; the lower the
reimbursement the lower the affordability, i.e. the higher the patient copayment

However, depending on the level of competition, the discounted drug market price can
increase affordability but will have no connection to the ERP regulation as the public drug
price can remain high. The ERP can have effect on drug availability, i.e. effect on drug
market exit, if price competition is too intensive and ERP cross reference loop could lead
to downward price convergence , iIf the market price discounts are made public and

pricing authoritiest  ake them into consideration applying the ERP regulation.

Scenario Il explores a market with parallel trade . The ERP effect s would stay the same

as in Scenario |1. However, the parallel drug i mport/
strategy to supply locally higher priced drugs in order not to provide incentive for the

parallel traders who profit from local drug price differences. In that way the Parallel

Trade appears as an additional factor to the ERP effect, supporting companies launch

sequencing strategies  and the effect on delaying local drug access.

Scenario IV explores national variations in the ERP application regarding country basket
scope, price calculation formula, i.e. by minimum, average and or taking market price
discount into account, reference price revision regularity and timing, etc. Including

inappropriate countries in one basket for price referencing, could lead to either
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overpricing or underpricing effect of ERP, i.e. undermined access and affordability in the
former, and access and availa  bility in the latter. If price calculation method is based on
minimum or average without taking into account product volume, and or including

market price discount could again misguide price comparison and lead to the above
mentioned ERP effect. Regularity , i.e. doing more often or less often price revision could
have effect on price level variation frequency and accelerate or delay the ERP effects

outlined above.

Scenario V explores ERP applied in either INN or branded drug prescription market,
would pro duce an effect similar to monopolistic market structure for the latter leading to
cross country propagation of more inflated prices than in a country with INN (MOLECULE

NAME) prescription which facilitates retail competition on market prices.

In Scenario VI, related to ERP regulation in a brand prescription market with generic drug
replacement/substitution, the ERP effect would facilitate faster downward price
convergence among the referenced countries. This is due to the fact that lower priced

generic medicines can be substituted for higher priced originator branded medicines.

In Scenario VII,  which explores a market with variation in reimbursement level, the ERP
effect on access, availability and affordability would be related to price reimbu rsement
level, or patient copayment level. The higher the level of reimbursement the lower would

be the ERP effect on access, patient level affordability and availability and vice versa.

Scenario VIl is regarding ERP regulation in a market with additional local pricing

regulation, i.e. internal reference pricing (IRP) for drugs with the same molecule, price

linkage percentage between the original and the generic drug, mandatory price

disc ounting for reimbursement. IRP can be applied by drug molecule, i.e., only

reimbursing the lowest priced molecule , Whether an originator or a generic. This is the
situation in e.g., Sweden with compulsory generic substitution of the lowest priced
molecule , with the patient having to cover the costs for the more expensive medicine

(e.g., an originator) if they wished a more expensive molecule. This had an impact on

appreciably reducing the price of a humber of generics (Godman et al 2009) . IRP can be

applied also on the level of therapeutic class or on the level of the disease area.

ERP application among reference countries with different local price competitive systems
could put an artificial barrier to competitive action by companies in order to prevent
external reference price spillover effect and thus hinder market competition and drug

price reduction effect.

The above demonstrates that a full evaluation of the ERP effect should take account of

local market structure and drug regulatory specifics, and that a hybrid SD/AB simulation
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interactive learning environment could further enhance researchers and policy makers
capacity for the analysis and evaluation of the ERP regulation effect on drug equitable
access, affordability and availability. The use of such a hybrid simulation modelling
technique would provide means for rich scenario testing with the capacity to inform

further a more efficient and sustainable drug pricing regulatory environment.

7.5 Discussion and future potential for RA M applications

Combinations of agent based and resource -feedback approaches have traditionally been
carried out from the individual perspectives of resource structure or agent behaviour, or

opposing macro to micro, quantity of stock levels to quality of agent behaviour patterns,
and resources to agents, and without the application of a joint conceptual/qualitative

hybrid model building procedure, leaving calls for hybridization of both SD and AB

unattended from conceptual and theoretical perspectives (Gue rrero et al. 2016b; Hans
Jochen Scholl 2001; Schieritz 2002).

In addition to the application of the RAM as a novel problem structuring tool, the

enhanced RM and the novel AM technigues can be applied either individually or in an
integrated RAM tool as ah  ybrid qualitative conceptual modelling procedure. Conceptual
modelling is acknowledged to be a key tool for model validation and confidence building

in health care and aims to help the structural modelling and validation (Roberts et al.

2012) procedure. V  alidation and confidence building focuses on the correspondence
between the real world phenomenon under examination and the simulation model
(Marshall, Burgos -liz, et al. 2015) in an iterative transparent and visualized processual
way (Law, 2009) with the aim of ensuring there are no qualitative and quantitative (Eddy
et al. 2012) difference. A hybrid RAM can have the capability to strengthen the

integration process between the two modelling approaches and the confidence building

among modellers and users ( Howick et al. 2008; Borschev 2008; Macal 2010)

The above demonstrates that a full evaluation of the ERP effect should take account of

local market structure and drug regulatory specifics, and provide opportunities for

designing a hybrid SD/AB simulation i nteractive learning environment . This could
enhance further the researchers and policy makers capabilities for the analysis and
evaluation of the ERP regulation effect on drug equitable access, affordability and

availability. The use of such a hybrid simulation modelling technique would provide

means for rich scenario testing with the capacity to inform further a more efficient and

sustainable drug pricing regulatory environment.
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In addition, the AM could be applied to enhance the agent based conceptual model

building and validation process , In relation to more accurately collecting and interpret ing
data and analysing agent behaviour al and decision making pattern . This process is
enhanced through  taking into account the behavioural decision and anticipatory systems
theoretical perspective proposed here. Applying RAM as a novel hybrid tool for con ceptual
gualitative modelling and as a blue print for quantitative hybridization of SD/AB

modelling approaches, can further reveal new theoretical, methodological and practical

avenues for research . This can allow for a focus on more comprehensive integrat ion of

the two methods, and on the behavioural exploration of complex adaptive systems.

The development of the novel AM technique and its mixing with extended RM in a hybrid

RAM is limited to their application in the pharmaceutical market field and would benefit in
the future from other attempts to expand its application to other complex market

systems in health care and different socioeconomic domains rich in resource and agent
complex interactions. Also, they could be employed to treat issues related no tonly to
market regulation but also to market competition in relation to operational and strategic

management of resources, behavioural stakeholder/agent management etc.

Integrating SD with AB modelling and simulation will provide extended benefit to

und erstanding complex systemic behaviour of the pharmaceutical market due to the

combination of two modelling approaches which address both dynamics on a whole

system -macro and individual micro agent -behaviour perspective. Testing what if policy

changes ina constraint healthcare environment can reveal hidden gaps, information

asymmetries and key leverage points for optimal policy decision making /limitations in

budget, reimbursement pricing along the supply chain, limitations in information, access

to treatme nt and co -payment, level of therapy compliance, supply chain imperfections,

etc./. The outcome of the RAM exercise produced a rich cognitive picture of the

agent/resource pharmaceutical market dynamics. ERP regulatory regime clearly could be

viewedtobe a device for funveiling the curtaind in front
EU with the goal to facilitate global price downward convergence and price affordability.

However, attempting to lower information imperfection by maintaining a common price

data tool for international referencing, could produce opportunity for a pharmaceutical

company to exploit the regime by double pricing, i.e., one higher price for the public

record with opti mal premium to Afeedd the ERPr procedu
the real market to maintain optimal competitive advantage; a practice ultimately leading

to upward price convergence. The above can lead to even greater difference between

social returns and private returns.

The key battle between economic agents, follo wing Stiglitz (Stiglitz 2002), is over

controlling access to rents and over restructuring of markets and rules, which limit the
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public economic return on healthcare expenditure. Attempting to eliminate information

imperfections in relation to product prici ng transparency across EU member countries by

the application of ERP can lead to further price information internalization and

exploitation of the regulatory system by the pharmaceutical companies (Stiglitz &

Jayadev 2010), further information imperfection s, hindered price competition and higher

global market complexity and local market fragmentation. Explanations of the real

economic environment complexity due to mutually inductive interactions and information

feedbacks between pharmaceutical market agents 6 behaviour and I imited mar
resources could benefit from qualitative modelling analysis techniques like extended

resource mapping (RM) and agent mapping (AM) alone and in combination through a

hybrid resource/agent mapping (RAM) approach as the authors have demonstrated.

Inefficient drug price controls, which are limiting market competition and the effect of
competitive pricing regulation, have the effect of providing means for maintaining or

even increasing the price of pharmaceuticals, without leading to an equal public economic
return. The structure of the pharmaceutical product market system is based on

information imperfections related to patent protected drug data and to differential drug

prices across different country markets (Stiglitz & Jayadev 2010). Private returns and
product demand are fostered by the exploitation of the above market imperfections and a
growing need is acknowledged for a proper evaluation of pharmaceutical regulation in

relation to key healthcare goals of timely access, affo rdability and availability of
medicinal products (Council of the European Union 2016) EC report on pharmaceutical

market efficiency. The integrated RM and AM analysis of the ERP regulation clearly
demonstrated that aiming to enhance price transparency and reduce drug prices could,
contrary to public policy intention, lead to further level of information imperfection due to
differential pricing information internalization and price launch tactic by the

pharmaceutical companies in order to exploit the ERP re inforcing loop cycle for global
price inflation effect, in attempt to maintain optimal margin and higher economic return

for longer period of time.
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Chapter 8 Hybrid SD & AB quantitative simulation model
building

8.1 Purpose of the hybrid SD & AB simulation modelling

The purpose of the hybrid SD&AB quantitative simulation modelling is to transform the
gualitative RAM into a numerically and operationally sound representation of the research
guestion on the evaluation of the ERP effect on drug access, availability and affordability
in EU. In this respect, the hybrid simulation must be built with the capability for scenario
experimentation for simulation testing of the qualitative scenarios generated by the RAM,

analysis of the simulation results and for developing policy recommendations.

The novel RAM developed in previous chapters is applied as a conceptual procedure for
hybrid quantitative model building and as a functional specification for the coding of the

simulati on model resource structure and agent sb

It should be noted that so far, no ERP simulation has taken into account behavior of main
market agents and their interrelations with market resources, and interfering effect of
contextual regu lation. The only simulation on ERP published is very limited due to its
isolated focus on ERP mechanism (Toumi et al., 2014) without taking into account the

above -mentioned gap.

8.2 Software used for hybrid simulation building

Anylogic (XJ Technologies) software has been chosen for quantitative hybrid simulation
due to its capability to handle multimethod modelling and simulation, namely

combination of a SD macro with an AB micro perspective.

In the above respect, Anylogic software is ¢ apable to support mathematical (continuous)
with java programming (discrete) simulation integration, providing flexibility in respect to

any type of SD & AB combinations (Borshchev and Filippov, 2004).

Anylogic technical functionality allows application of agent classes, and multiple types of
agents and structures. Agent behavior modelling is supported by visual tools like state
charts and action charts. The software also has full feature s for SD stock and flow

diagrams, and supports SD simulation. It allow s control over continuous and/or discrete

time, continuous and/or discrete space, agentsbd

agents (e.g. message passing). Another important feature is its relatively small memory

behavi

148

our

mobi |



requirements and capability to export simu lation models online or as standalone
applications (AnyLogic Professional). It is provided as a free version for personal learning
(AnyLogic PLE), which of course has restrictions on functionality and scope, as a paid

version for academics and as a fully f unctional paid version for professional purpose.

8.3 Hybrid SD and AB simulation modelling procedure

Figure 8.3.1 represents simulation design procedure main stages. These are I.
Conceptual specification, then Il. Functional specification, then Ill. Te chnical
specification. These stages are elaborated throughout the whole PhD document and
provide a fuller documentation on the simulation design from its initial conceptualization

phase , to description ofthe simulation functions phase, tothe implementati on in

technical software code phase (Sargent, 1998 ; Djanatliev et al., 2012 ; Kolominski i

Rabasetal., 2015). I n comparison to the O6overview, conceptua
(ODD) procedure applied for ABM simulation design (Macal and North, 2010 ; Grimm et

al.,2010 ), the 6conceptual, functional and technical d sp

documentation capturing all the components of the hybrid system dynamics and agent -
based simulation designs and can support simulation confidence building  (verification and
validation), including reproducibility  requirement s better than the ODD practice , which
ensures mainly requirements for the simulation technical verification without maintaining
the requirement for explaining the connection with the simu lation conceptualization

phase (which is essential for confidence building and validation purposes ).

Figure 8.3.1 Simulation design procedure
The functional specification of the ERP hybrid simulation is tightly linked to the hybri d

RAM. The RAM now is used as a hybrid quantitative simulation building procedure
(Ackermann et al., 2014), apart from its qualitative analytical merit, bringing a

comprehensive perspective to the management of CAS.
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The procedure of building a hybrid SD and AB simulation model followed a number of

steps aiming at translating the RAM into a formal functional and technical specification of

the quantitative model. The functional specification included the transfer of the

gualitative RAM to a description of the main SD and
stocks and flows of resources for the first and agents, their attributes and their behaviour

for the second, including main connected parameters and behavioural assumption S

characterized in tables. It is explained in section 8.4.
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Figure 8.3.2 Reflecting on the procedure of transferring the RAM conceptualization of the
ERP market system into a technical software specification for the hybrid SD and AB
design

Figure 8.3.2 presents a reflection on the procedure of transferring the RAM (Figure 7.3.2)

into a software technical specification. Initially, main resources and resource flows were

taken from the RAM and, together with main agents and related paramet ers (and

attributes), have been initialized in graphical, mathematical and program code (Figure

832, following the principle 6from simple to compl ex:¢
(Ghaffardezegan et al., 2011, Gilbert et al., 2018). Then, the nextste pincluded testing,

reflection and editing resource and agent simulation model structure, allowing for
conceptual and technical corrections, in order to reach to a maximally close technical

representation of the RAM.

Figure 8.3.2 reveals the initial refle ction over the RAM technical structure transfer into

software :

o thedrug supply chain( SD component) was technically reconceptualized to
provide separate (individual pharmaceutical frm  agent) supply chain for each
drug (drugA, drugB, drugCC, etc.), ssubmdriptad t o t he
(component 1 on the Figure 8.3.2)

o this followed to further accounting for market price competition , produced

between all drug s (component 2)
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o further, this ledto variables addi ti on f or Gathe & g( Imanmdpeeific t o

pharmaceutical firms pricing strategies , connectedto changes in their market

share , component 3)

o MNF drug price and entry strategy was conceptualized as an agent decision

function (component 4)

0 Another reflection was mad e, rel at ed tERPROIAGHIE Dfahe pricinge

authorities (government), which need to check drug public price s in other

countries depending on their ERP price baskets (component5) . This ERP rule was

conceptualized as an agent decision function.

Ot her considerations included agentsd behaviors:

o drug manufacturers agents ( 6 d r u g MBF& dijially conceptualized to have one

innovative and two generic drug supplier s and to variate in num ber (component

2)

0o O6gover nagentst were conceptualizedto have main attributes of GDP and ERP

baskets (component 6)
o Also, MNF drug agents were conceptualized to have  drug price associated

variables of min and max thresholds (component 7)

o (patients bare conceptualized as agents which buy medicines following specific

rules (component 8)

o Drug MNF agents were initially conceptualized to have two states (component 9)

out of the market (checking drug public price in the ERP countries ) and being on

the market (launching their drug on a local market)

Next, the technical specification included the building of stock and flows diagrams and
coding of mathematical equations, r epresenting the relations between the SD elements

(resource levels and resource flows, parameters, variables and feedbacks); and the

coding of agentsd state charts and or acti

ons 6

behavioural algorithm and their attributes (state variables ) in the programming language

of the software used (here it is java which is the programming environment of Anylogic

PLE). The technical specification is explained in section 8.5.

8.3.1 Data sources

152

chart s



The functional and technical spec ification have been done using the qualitative data
collected and applied for the RAM design, including scenarios and insights generated by

the use of the RAM. The approach is briefly restated here:

Information regarding the ERP context was collected thro ugh written documentation
output such as the EURIPID report (Schneider 2017), pharmaceutical industry position

letters, author observation and participation in drug industry working group meetings

and meetings with health care regulatory authorities. The g oal was to use the data
collected from document analysis (Barr et al. 1992), minutes of meetings and industry

position papers (Huff & Schwenk 1990; Barr et al., 1992), conversations, researcher

notes and reflection (Ackermann 2012; Ackermann & Eden 2011; Eden & Ackermann
2004), for the mapping of the mental models (Doyle & Ford 1998; Carley 1997; Jones et

al. 2011) of key stakeholders in the pharmaceutical market, i.e. the pharmaceutical

industry and drug pricing regulators.

To extract relevant informati on, | have used a theory led thematic analysis (Hayes 1997)
protocol, consisting of looking for and elucidating meaning connected to the following

themes:

o Key resources and key agents in the pharmaceutical market system;

o External reference pricing (ERP) regulation effect on the pharmaceutical market
system, in relation to drug access, affordability and availability;

o Key agent/resources and agent/agents interrelations, including the main
influencing factors affecting resource levels and flow rates and age nt behavioural
routines;

0 Key agents and resources behaviour in relation to ERP regulation and other
contextual pricing and market regulation;

o Agentsd behavioural routines (agentso6 fAif/thenodo c

to the effect of ERP on thei  r pricing strategies

8.4 Functional specification of the hybrid simulation modelling

Foll owing the key resources and agentsd interrelation
RAM, the following agents, resources, related parameters , State variables (attri butes)

and assumptions have been further specified in tables (Table 8.4.1, Table 8.4.2, Table

8.4.3, Table 8.4.4).
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Table 8.4.1 of
agentsod6 behavi
Agents

Pharmaceutical firms s,
manufacturing innovative

and generic medicines

Parallel traders

Countries

mai n
or (functions)

Agent sd main

and state variables

(attributes)

Name;

Number;

Maximum (desired) price;
Minimum (threshold) price;
Entry year,;

Market share;

Marketing allocation;

Condition for price
decrease depending on

market share;

Name and number;

Country where they buy

drugs from;
Entry year;

Time to investigate drug

market prices;
Market share;

Name and id number;
GDP index;

Public price policy (min. or

average calculation);

Time period to review and

change Public price;

paAgentso

in the hybrid
mai n fu

(behavioural routine)

Supplying (launching) in
EU countries, starting from
most attractive one (with
highest GDP);

Calculating market share;

Marketing budget

allocation;

Changing product price due

to competition;

Investigating drug markets

and prices differences;

Buying from country they

are located in;

and selling to country with

highest price difference;

Calculating Public price,
according to price formula,
time period and country

basket selection;
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Doctors

Patients

Table 8.4.2 of main resource

simulation
Main Resources (Stocks)

Drugs supplied to country

market

Drugs bought by patients

Countries used in the

reference price basket;

Regulation for prescribing
(by innovative or generic
brand ed drug or by

molecule);

Doctor population

(number);

Allocation of hyperlipidemia
drugs by innovative or
generic brand or by

molecule;

Hyperl ipidemia (hl)patients

population;

Consumption of drugs per

month;

Prescribing (allocating)
drugs to hyperlipidemia
(hl) patients, according to
type of prescribing
regulation (by  innovative
or generic brand  or by
molecule) and to marketing
budget influence of

pharmaceutical firms s;

Buying drugs allocated by
doctors (if prescribed by
innovative or generic
brand ) or buying available
drugs according to price (if

prescribed by molecule);

s (stocks) and resource flows in the hybrid

Inflows and Outflows

Rate of supply and rate of

demand

Rate of demand

(consumption)

Variables influencing

resource level

Planned demand per year;
Decision to supply

(launch); Public price

Competition (number of

drug suppliers);
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Drugs bought by parallel

traders

Drugs sold by parallel

traders

Drugb6s Publ

C

p

Consumption per year;

Number of patients;

Demand for relevant drug;
Marketing budget; Mark et
share; Prescribing

regulation (by  innovative
or generic brand  or by

molecule);

Rate of PT buying Public price difference

among ERP countries;

Rate of PT selling Demand for relevant drug;
Prescribing regulation;

Public price;

ERP country basket
(number and combination
of selected countries);
Public price calculation
formula (average or min);
Time period of Public price
recalculation; Prescribing
regulation (by innovative
or generic brand  or by

molecule);

Drug price competitio n
(number of drug suppliers

and pricing strategies);

Table 8.4.3 of main parameters in the hybrid simulation related to scenarios
setting and experimentation (parameters variation)

Parameters

Number of drug manufacturing

Scenarios

Variation of the level of competition: from one

agent sb6 (veorgeoeriggt i drug (on patent, monopolistic market) to two,

three or more rival drugs (off patent market)
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Minimum and maximum drug price

Time of entry of innovative or generic

drugs

Marketing strategy (marketing

allocation condition)

Pricing strategy (price decrease

condition)

ERP country basket

Public price formula

Time period for Public price revision

and recalculation

Prescribing regulation

Number of parallel traders

Table 8.4.4 of main assumptions
Main Assumptions related to resource

agent interrelations

Variation of the level of target profit margin,
for example, maximum price = 10 monetary

units; min. price = 5 monetary units

Variation of period of patent protection, for

example 15, 10, 5 years

Variation of % allocation from sales for
marketing budget, for example, 15%, 10% or

5% or other

Variation of % of price decrease related to
variation in product marke t share, for
example, decrease price with 15%, 10% or 5%
or other, if market share is less with 10% or

other

Variation in number and combination of price
reference countries in the ERP basket, for
example, 15, 10 or 5 countries basket,
containing different ERP Countries for each

experiment

Variation in Public price calculation: referring
per min. or per average price of the same

drugs among a reference countries basket

Variation in time period (for example in 1 or 2

or 3 years)

Variation in prescribing reg ulation: by

innovative or generic brand or by molecule

Variation in intensity level of parallel trade
(number of parallel traders among ERP

countries: 5, 10, 15 or other)

Notes and justification
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It is a pharmaceutical external reference
pricing model with a simple supply chain
in all EU (EEA) countries applying the ERP

or included in the ERP mechanism

0 Three drug MNF agents decide in which
country to launch their drug, depending

on each country GDP index . They launch
first in country with highest GDP index,
which is the most attractive country

market, setting  price to their max desired
price if they are first supplier . Public price
regulation (which  compares the drug price
with an ERP basket of countries ~ 6prices for
the same drug and calculates the average
or minimum value for that price) is set to

reflect the actual situation in Europe

0 The thr ee drug MNF compete on drug
market value (market share) and if it

decrease s by 10% fora n MNF agent, then
that MNF would decrease their drugds

price by 10%.

o Patients buy the cheap est drug
available in a country, or they can buy a
certain drug brand (if prescribing

regulation is by molecule or by innovative

or generic brand ).

o If the MNF drug Public price become S
equal or below a predefined MNF min drug
price (threshold), then the MN F agent
would stop supplying  the drug.

o If a country price is equal or below the
predefined min MNF drug price, then the
MNF agent will not start supplying the
drug.

All ERP related parameters per country

are set to reflect the actual situation

(refere nce country baskets, price

calculation formula, time period for price

review) and are referenced to ERP

surveys (Vogler, S. et al., 2015; Toumi, et

al., 2014 ).

Pharmaceutical

firms supplying, pricing

and marketing strategies (market

behaviour) reflect p
(Schneider, 2017; Vogler, S. & Paterson,
K.R., 2017 , and RAM analysis and

theoretical framework

Pharmaceutical

ublished research

firms have a predefined

(anticipated) goal profit margin, according

to which they set their max. desired drug

price .

First pharmaceutical firm  registers their

max (desired) price in the most attractive

country market

. Then they adjust their

price in other countries according to the

local public price and competition,

reflecting BDT heuristics principle of price

fanchor.i

A pharmaceutical firm

ng

ando adjustm

exits a country

market if the local Public price decrease to

their min. price threshold, reflecting BDT

heuri sti

aversion 0.

c

principle

of

158



> Doctors allocate (prescribe) a branded
drug of a certain company ; for example ,
drugA of drugfirmA or drugB of drugfirmB

etc. either randomly or influenced by each
pharmaceutical frm  marketing budget in
such a way that a doctor would allocate
with high % probability the drug of the
pharmaceutical firm  with highest

marketing budget

> Or a doctor agent can allocate
(prescribe) a nonbranded drug (drug
molecule), which means that the patient
can choose which drug to buy on the
market: drugA, drugB, drugC etc.

(randomly or the cheapest, for example);

>Ifa pharmaceutical firm  marketing
budget is higher than the other
pharmaceutical companie s marketing
budgets, then doctor agents will prescribe
that drug with a higher probability (for

example 80%);

> Pharmaceutical firms can have two
general market strategies (if they are
losing market share): they can try to win
doctor agents by increasing their
marketing budget with random (min,
max) percentage of product sales (when
in the country there is a Prescribing
Regulatio n by brand), or they can try to
win patient agents by decreasing drug
price with a chosen percentage (if the
Prescribing Regulation is by molecule); or

they can combine both of the above;

> Patient agents buy the drug (drugA,
drugB or drugC) which the do ctor agent

allocated (if by brand);

Doctors and patients behavior reflect two
main general situations related to the
state of prescribing regul  ation (by brand

or by molecule ).

Pharmaceutical firms compete either
through marketing budgets targeting
doctors and or patients (if prescribing by
brand), or through price decrease (if

prescribing by molecule);
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> Or they can choose to buy a cheaper
drug with a predefined probability (if

prescribing by a drug molecule);

Parallel traders buy cheaper drugs fro m

one local market and export them to the Parallel traderso beha

published research (Vogler et. al, 2015,
Bart, 2008, Kyle, 2009, Affordable

local market with highest difference in

drug price.
Medicines Europe,

They have their own fip:pyns/affordablemedicines.eu/mission -
chain which affects the relevant drug

and -vision/
volume supplied by drug manufacturers

and drug volume bought by patients . This
intu rn affects pharmaceutical firm s
pricing, marketing and supplying

strategies related to each local market.

8.5 Hybrid model conceptual validation

Conceptual validation of the hybrid simulation modelling (if | am building the right

simulation model) is achieved through the continu ous process of building , firsta
gualitative hybrid RAM, which in the next second stage , is transferred into a fully
functi onal hybrid simulation modelling specification.

including influencing factors (variables and parameters) have been functionally specified
(defined) in the above tables, following their graphical description and analysis on RAM,
including key fAdecision pointso, agent interactions

agent feedback loops.

Also, the functional specification is not only a conceptual twin of the validated RAM
through documentation and expert views analysis (He ath et al. 2009), but is consistent
with its theoretical framework and with actual documented observation, related to

agentsd and resource interactive behavior (Randers,
Bonabeau, 2002)

Using the qualitative RAM as a ti ght procedure for the specification and building of a
hybrid simulation model ensures that the right model is being built and a conceptual

validation is achieved (transferred from qualitative to quantitative model). This can be
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proved by comparing the RAM with the hybrid simulation model representation in
software, showing a sufficient structural and logical similarity between both. The
procedure of RAM transfer into a quantitative simulation structure is explained in section

8.3 and continues throughout th is chapter 8.

8.6 Hybrid SD & AB simulation (technical specification) coding

8.6.1 Medicinal products supply chain (SD)

Initially a simple medicinal product supply chain is built, using the SD functional panel of

Anylogic software. This supply chain is informed by the RAM developed in the qualitative

modelling stage of the ERP evaluation project, which followed a reflection procedure of

technical transfer initialization, correction and adjustment, presented on Figure 8.3.2. It

isplaced insideanage nt type named ACountry saleso, which woul

pharmaceutical frm  stocks flows of medicines supply and medicines sales in each

country, where the product would be launched (Figure 8.6.1.1).

Figure 8.6.1.1 exhibit, as an example of the tech  nical transfer procedure, selected
elements from the RAM on the left side, and elements of the technical software design on
the right side. The blue arrows have the purpose to visualize what elements from the
functional specification (represented by the  RAM) have been transferred to what

elements from the technical  specification .

For example, the drug supply chain from the RAM  has been transferred almost within the
same simple drug supply chaininthe software , with related variables associated with the
flows of the drugs onthe market. Pharmaceutical firm a g e n supply rule has been
translated to code which affect s the decision tolauncha new drug in a selected ERP
market. Drug public price has been transferred froma stock and flow representation to a

dynamic variable, which depends on a g e n prigidg rules.

The transfer of the RAM into a functional software application followed a number of steps

and iterations including software drafting design procedure and numerical verific ation
tests. Later a number of versions were produced, follouing changes and clarifications in
conceptual requirements connected to the evaluation of the ERP effects, generated

gualitative scenarios and main criteria for evaluation.
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Figure 8.6.1.1 Drug  supply chain transfer links between the RAM and the software
technical specification  (for one country market and one drug manufacturer) , valid for
each local country market and each drug supplying manufacturer

Selected elements from the RAM Formal element s in software
drugFirm
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Drus‘fc‘swpl‘!—d’¢’ DrugVolBought / yearlyConsumptionPerRatient
SupplyRule C} - Dl—?—>D O:’_plannedDemandPerYear h xopatlentNumber’

»

SupplyRate BuyRate .
_— = ~____(Acountry

(8 The supply chain consists of a AdrugVolumed stock

Afyearly Sold Drugso stock of sold medicines in ea
the first is a function of the supply rate inflow (ASupplyo) and the buying
outflow (AbuyingRateo), re)prfecdrenng \eal ume & qwu altntoengrl

(ASupplivayi ngRateo, 0)

The | evel of the second stock is a function of t he bu

of drug usage per year (  fiusedProducts 0), represented in equation 2:

(2) yearly Sold Drugs = Integral (buyingRate I usedProducts , 0)
The supply rate (ASupplyd) is a function of the Bool €
corresponds to the key decision point in the RAM, relating to each dru g manufacturerods

decision to enter or not to enter a country market, and the variable

Apl annedDemandPer Year o (equation 3):
(3) Supply = launch*plannedDemandPerYear

The #Al aunchod variable can take a value of either #fA0O0
on a programmabl e funct i ophafnacguicaltfirins ageamntbehaviowr,f t he
while plannedDemandPerYear  depends on the number of patients taking their  drugs and

yearly consumption per patient (equation 5):
(4) launch = 0 (initial value)

(5) plannedDemandPerYear = patientNumber*yearly Consumption PerPatient
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The buying rate (fibuyingRated) is a function of the

packs they need per month (year) and on each pharmaceuticalfrm 6s mar ket share

country market (equation 6):

(6) buyingRate = patientNumber*yearly Consumption PerPatient*market Share

The market share of each pharmaceutical firm  agent is calculated by an equ  ation put in
programmable code, counting total number of patients and number of patients buying a
certain drug per country, and then relating the latter to the first (equation 7), providing

total number of patients is not O:

(7) market Share = count(count ry.hl Patients, p  -> p.drug !=null) == 0 ? 0 : (double)

count(country.hl Patients, hl -> hl.drug. equals (drugFirm))/count(country.hl Patients, p
-> p.drug!=null)
The variable fApatient Numbero gets its value by the

r

pel

f o

8), related to counting patientsd size per each country

(8) patientNumber = country.hl Patients .size()

The yearly consumption per patient is defined by the time period between drug packs

bought by each patient (equation 9);
(9) yearly Consumption PerPatient = 365/main.time Between Drugs(DAY)

An important variable, related to drug manufacturers competition strategy and having a
feedback effect on  pharmaceutical firm s market share, is the marketing budget
(Amar ket i ng Prestrged in 6quation 10:

(10) marketingBudget = launch*yearly Sold Drugs*(publicPrice==infinity ? O :

publicPrice)*marketingAllocation

The initial wvalue of publicPrice is set to Ainfinitydc
due to technical requirem ent s of the software, in order to el imin
if initial drug price equals 0006 value rather than 0i

java programming language). Marketing allocation is a parameter, relating to each
pharmaceutica | firm marketing strategy, defined in the variables and parameters table

for the pharmaceutical frm  agents.

8.6.2 Pharmaceutical firm agentsd behaviour (AB)

The behavior of pharmaceutical firm  agents is configured by using state charts and a gent

parameters and state variables , with the purpose of defining their activity states and
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their specific attributes. It is informed by the AiM and AbM, which are part of the RAM

and consists of a more detailed functinmleanhdthdiepi cti on

interrelations.

State charts in AnyLogic are used to support defining main agents transition from one

state to another. Regarding pharmaceutical frm  agents, state charts are used to transfer

and define their O6supplar e udsed wharl et Heu nscpg e winfsi cati on
ruleé, 6émarketing budget allocation rul ebFigarad o6dr ug v
8.6.2.1 , Figure 8.6.2.2, and Table 8.6.2.1 and 8.6.2.2 , including pharmaceutical firm

initial variables in Table 8.6.2.3 .

Pharmaceutical frm  agents have a name, minimum and maximum defined drug price
boundaries (setting their min. price threshold and maximum desired price), year of

market entry (launch), conditional value for price decrease depending on a predefined
percentage value of market share decrease, and a percentage predefined value for

marketing allocation. These parameters are defined in a table in excel sheet and

imported in the simulation model database (Figure 8.6.2.1 and Table 8.6.2.1). This

parameters table allows for their variation and for setting scenario experiments, including

adding more or less  pharmaceutical firm  agents (increasing or decreasing the level of

market competition).

Figure 8.6.2.1
Selected elements from RAM (AiM and Elements coded in software
AbM)
,,SHPE'LR%Q__;';;-_-;:__;____ Y "9 statechart
4 - 0 DmgNPuchEqu?l‘~~
/ - nam
’ N e @name outOfMarket
/| " PublicPrice g = @ minimumPrice
1 / / S
. w / " ' . . O
'l \ ; 0 PalalleIE'(mempnn:// PrescribingRegulation > 6 maximumPrice
H / (@ entryYear ST
] ) DrugNDemapd ), > i . '
1 PigngRule /[ /5 immpEm =TT =S @ marketSharePriceDropCondition
i o =D Marketp / . _ :
| 777 O Msrketprice / * marketingAllocation _‘
‘\ ¥ “_7 — o DmgNMakelPrlceCoﬂi‘petll on ,a’——___ H
\ —} / -~ :
\ -’ '
\ 'l LI S
»
\ /
\\ JR4 &
\ Anchor and Adjustment ,”

~
~ -
Ssa \g E——

Action: Launch product in courtry N where product public price can be set
&t optimal high level in or dce\ to exploit upward feedback pricing effect;

Condition: If country M has the highest GDP \A

from the rest target markets in the EU

SupplyRule

164



Figure 8.6.2.1 provides illustration on the transfer of the Ai M and AbM

OPricingRul ed components into technical specificatior
60ut Of Mar ket 8, which at a nextphamaeauticafirh e proritimear ket , af
its local marketlaunc h (set on GDP criterion, reflecting dancho

principle). Then the drug enters all other country markets, depending on regulation

conditions for local market entry and reimbursement, if there are such requirements set.

) WNFdrugPriceA () MNFPriceRule
) minMNFdrugAPrice

() maxMNFdrugAPrice

drugMNFAgent drugMNFPriceRule

T Q

if PublicPrice Country(} = “?°
if Country{} = max GDP index
% MNFdrugPriceA = maxMNFdrugAPrice

CheckPublicPriceCountryN J 4

if minMNFdrugAPrice < PublicPriceACountry(}/“check PublicPrice in eacl
MNFdrugPriceA = PublicPriceACountry()
.............. . Launch.Country(} = 1
® B else MNFdrugPrice() = 7"
: Launch.CountryA = 0
: if DrugAMarketValue < DrugAMarketValue - DrugAMarketValue*C.1
‘ MNFdrugPriceA = MNFdrugPriceA - MNFdrugPriceA*0.1

LaunchCountryN ] *

--------- < while ( check PublicPrice() in each country } >—-------‘

Figure 8.6.2. 2 on the drafting of drug MNF agent supply and pricing rules

Before the technical sof t ware i mpl ementation of agentsé charts
explored and drafted  in pseudocode for aiding their conceptualization and transfer to

technical specif ication, bearing in mind AiM and AbM. Figure 8.6.2.2 provides illustration

of this drafting and reflection stage ,consisting of agent 6s ¢ohthdladt) cwitlar t

initial state d&heckPublicPrice 6 afollduing state daunchd, connecting agentsod de
supply with the drug SD supply chain, with decision branch in between the two states.

Further, the decision to supply (to launch the drug on  a chosen local country market) is

el aborated i n t henthé@btd) Anglagrt softviare @llows agents decisions

for action to be coded in the form of state and action charts and in function code. The

above draft version was used as a pseudocode to inform the actual coding in software.

Reading into the Oagenddecisoasrame bldorated:.e y
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o First, check drug price in reference basket countries and select countries from the
GDP list

0 Then, if that price is within a min to max interval, then can supply drug, else wait
and check next country

o Third, if there is no drug price registered, then supply with max drug price from
price interval

o Use drug price discounting range, connected to changesin market share (in

value)

Table 8.6.2.3 State variables for pharmaceutical frm  agents

Name Minimum Maximum Entry market share drop Marketing
Price Price Year price change condition Allocation
DrugFirmA 5 10 1 10% 10%
DrugFirmB 4 9 9 10% 10%
DrugFirmC 3 8 10 10% 10%
Pharmaceuticalfirm 6s activity states are defined in programme

agent’s state chart and informed by the AiM and AbM (Table 8.6.2.1 presents the code

for pharmaceutical firm s agent state “enterMarket’). Initially, a pharmaceutical firm

agentisinidle st ate (fAout Of Mar k epghamaceuticahfirny e agent decideato

enter a country market (fienter Marketo state), and cho

depending on country attractiveness, here related to the value of GDP index (a country

withmaxi mum Agdpindexo6 value is regarded as most attract
purchasing power ). After finding the country with maximum gdpindex, a pharmaceutical

firm agent sets its drug price at a maximum value, whic
publ i c publciec Rriipced), and starts supplying its drug (
this | ocal mar ket. The next drugFirm agent activity s

connected to their entry in all available country markets at time t1, having a condition for

the countries public price (ApublicPriceodo) > min. dru

Pharmaceutical firm  agents wait at least one year for their next product launch, after

launching initially in the most attractive country market. This is due to the most comm on
ERP requirement to reference public price of drugs that need to be already present on at

least one local market from a given country basket. Pharmaceutical frm s change their
drug prices after comparing their product market share with its previous value once a

year. Traders are configured initially to be not present in the simulation run (having
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AFALSEO value) and can be included by the user by <cha
buy their prescribed drugs in one pack once per month. Pharmaceutical fi rm agent with

the highest marketing budget can have 80% probability of winning prescribing doctors

(buying patients). Important functions are used to define  in code how pharmaceutical

firm agents change their dr ug ,pdeperdiagson roafkc fetsmaearr i c e s 0)

price competition.

8.6.3 Country and patient agents (AB)

Countries where  pharmaceutical firm s supply their drugs are set as agents of agent type
ACountryo, wi t(shateaaridbles)dnd t @arameters defined in an excel sheet
table (Figure 8.6.3.1 and Table 8.6.3.1).

Figure 8.6.3.1 Country and patient agents

@id

® name © hlPatients [§] £ generateCountriesArray
@ hlPopulation

@ gdpindex
@ publicPriceChangePolicy

@ timePeriodToChangePublicPrice

@ countriesUsedForPublicPriceChangePolicylds
@ prescribingRegulation £ buyDrugs

@»countriesUsedForPublicPriceChangePolicy O drug

In Table 8.6.3.1, countries number can be increased or decreased, and specific

parameters can be defined to each one (analog icalyt o drug firmbés number and
parameters). Each country agent has an Aido number, v
reference country baskets for public price calculation by each country, through the

parameter fAcountriesUsedForPublicPsiftegdhiamdgePd!| i cyl ds
parameter is used by drug firm agents for their entry decision strategy.

Apubl i cPriceChangePolicyd parameter is used for setti
formula to either average (fAavgo) or minimum (Amind),
Ati mePeriodToCWangePBublsi used for setting the referenct
frequency per each country. The fAprescribingRegulatic
all ocated and sold by their brand names (fibrando), tr
competitive strategy by mar keting budget allocation; or by their molecule name, defining

pharmaceutical firm competi ti ve strategy by drug price (fAprice
Afcal cul atePublicPricedo function (Table 8.6.5.3), eact

supplied by one pharmaceutical firm in different countries (included in the reference
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country basket for the relevant country) and calcul at
(Aminod) price, according to the reference Apublic pri
code in Table 8.6.3.1.

Next Figure 8.6.3.2 and Table 8.6.3.1 present pseudocode for government agent ERP

price calculation rules.

GovernmentERPRule

Check PublicPrice.Country() = “7" fcheck PublicPrice in each Country
if ERPPriceRule = min

-
1

1

1

1

1

!

Return minMMFdrugPrice !
if ERPPriceRule = avg !
Return avghMFdrugPrice I
LaunchDrug.Country() = 1 !
else 1
1

1

1

1

1

1

*

LaunchDrug.Country = &

_______ while {if Tima(} = 7 el
Check DrugPublicPricef) |

Figure 8.6.3.2 on drafting of government ERP regulation rule

l"-"-"-"-"-"-"-"-'h'i

Figure 8.6.3.2 consists of reflection n otes on the government agent ERP rule (behavioural
pattern). First, this agent checks price of same drugs in all ERP basket countries, then

returns the minimum or average drug price. This check is performed once, twice or N

times per year (time period for drug price revision). Discounted public prices can be

checked if they are official. Government can choose to apply own price discounts.

Table 8.6.3.2 Initial state variables for each ERP country (countries are listed in
the table wit h their international abbreviations)
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10

11

Name
of

country

Country
AU
Country
BE
Country
BG
Country
CR
Country
CY
Country
Ccz
Country
DK
Country
E
Country
FI
Country
FR
Country
GE

HIPopula

tion

100

100

100

100

100

100

100

100

100

100

100

Gdpin

dex

45.08

41.57

15.73

21.35

31.19

29.01

43.78

25.82

39.86

37.59

43.88

public

price

formula

avg

avg

min

avg

avg

avg

avg

min

avg

avg

avg

time period to
change public

price (years)

countries used for price calculation policy

2,5,6,7,8,9,10,11,12,13,15,16,18,19,20,21,22,23,25,26,
28,29,30,31
1,3,5,6,7,8,9,10,11,12,13,15,16,18,19,20,21,22,23,25,2
6,27,28,29,30,31

8,9,10,11,12,13,18,19,26,27,29,30

1,7,8,13,23,31

1,10,13,28

2,8,9,10,11,12,13,14,15,16,18,19,21,23,25,26,28,29,30,

31

15,19,21

1,2,3,5,6,8,9,10,11,13,15,16,17,18,19,20,21,22,23,24,2

5,26,27,28,29,30,31

7,11,18,31

1,2,6,8,10,11,12,13,16,18,23,26,28,30,31

prescribi

ng

regulatio

n

brand

brand

brand

price

brand

brand

price

brand

price

brand

price
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12

13

14

15

16

17

18

19

20

21

22

23

24

Country
HU
Country
GR
Country
IC
Country
IR
Country
IT
Country
LA
Country
LV
Country
LU
Country
MA
Country
NO
Country
PL
Country
PT
Country
RO

100

100

100

100

100

100

100

100

100

100

100

100

100

23.33

25.66

42.03

45.67

35.07

22.53

25.71

91.04

29.12

65.64

23.99

27.50

18.97

min

min

avg

avg

avg

avg

avg

min

avg

avg

avg

avg

min

0.255

1,2,3,5,6,8,9,10,11,13,15,16,17,18,19,20,21,22,23,24,2

5,26,27,28,29,30,31

1,2,3,5,6,8,9,10,11,13,15,16,17,18,19,20,21,22,23,24,2

5,26,27,28,29,30,31

8,11,25,28

1,2,7,8,11,12,13,23,31

1,2,3,5,6,8,9,10,11,13,15,16,19,20,21,22,23,24,25,26,2

7,28,29,30,31

3,6,9,15,21,25,27,29

6,8,9,15,19,27,30

19,89

5,6,9,11,15,18,19,27,29,30,31

1,2,7,8,11,16,23,28,31

1,2,3,5,6,8,9,10,11,13,15,16,17,18,19,20,21,22,23,24,2

5,26,27,28,29,30,31

11,13,30

1,2,3,6,7,10,11,15,18,19,25,30

brand

brand

brand

price

brand

brand

brand

brand

brand

price

price

brand

brand
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25

26

27

28

29

30

31

Country
SK
Country
SL
Country
SP
Country
SD
Country
SN
Country
NE
Country
UK

100

100

100

100

100

100

100

26.49

28.85

33.09

33.09

56.94

46.16

38.25

avg

min

min

avg

avg

avg

avg

0.5

0.5

0.5

1,2,3,6,8,9,10,11,13,15,16,17,19,20,21,22,23,24,26,27,

28,29,31

1,7,13

1,2,5,7,9,10,13,16,18,20,22,23,26,29,31

28,9,8

1,7,8,13,23,31

1,7,13,31

brand

price

price

price

price

price

price
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Countries used in reference country baskets are generated in arrays with the following

code, presented in Table 8.6.3.1 and with initial parameters presented in Table 8.6.3.2.

Initial data used for the ERP country rules was obtained from Eurostat (GDP inde X per
country), and from Vogler, S., Lepuschiitz, L., et al. (2015) and Vogler et al. (2014) ,

including countries local legislation sources. These parameters allow for adaptation to

future changes in the ERP rules, according to changes in local legislation s. Patient agents

having been diagnosed with for example hyperlipidemie
each country through the parameter fAhl Populationo in
Their buying behavior is configured initially by a pseudocode dra fted on paper and then

transferred into program code (Figure 8.6.3.3).

If there is drug supplied (available) in a country market, patient agents buy drugs by

their brand prescription, influenced by fAdoctor Mar ket
pharmaceu tical firm marketing budget, when prescribing regulation is by brand

(Aibrando). When prescribing regulation is by drug mol

facilitate price competition, then patients buy whichever drug is available and cheaper.

Figur e 8.6.3.3 Draft picture on doctor and patient prescribing and buying rules

PatientBuyDnugRule

Check MarketDrugPrice.Country() = "7"

if PrescribingRegulation = brand

if Drugl} = DrugPrescribed

if MarketingBudget Drug() = Marketing Budget.CtherDrug
BuyDrug() = max.Marketing Budget

if PrescribingRegulation = melecule

BuyDrug() = min.DrugPrice

else

BuyDrug( = 0

e e e e e

T
1
1
1
1
1
1
/L\
=
5
o
[w
z
It
[
[}
=]
a
Lo
al
3.
T
o
L]
=
&
1
1
1
1
1
1
1
L

-

Figure 8.6.3.3 presents reflection notes on the pseudocode (rule pattern) of doctors and
patients agents in the form of state charts. Doctors become prescribing agents,

influe nced by the rate of diagnosing patients, for example with hyperlipidemia or other

cardiovascular condition. Then, they prescribe drug A, drug B or other drugs, influenced

by competing drug firm agents through their marketing budgets (marketing activities).
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Next, after being diagnosed, patients buy drug A, drug B or other drugs influenced by

drugs price, drugs availability and marketing budget allocation of drug companies.

8.6.4 Parallel traders agents (SD and AB)

Parallel traders are included as agents (fitraderso) with their own paral/l
supply chain, analogous to the supply chain of drug firm agents. Parallel trader agents

have attributes  (state variables) and parameters defined in Table 8.6.4.1 and Figure

8.6.4.1.

Figure 8.6.4.1
@ countryWhereBuyld

* name £ marketinvestigation
O countryWhereBuy

™ marketEntryYear

® timeTolnvestigateMarket

() drugFirm O publicPrice

drugVolume soldDrugs

L= X >3

.2
_ 4 >

l S~ () marketShare

patientNumber

O

*

yearlyConsumptionPerPatient
) countryWhereSold
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Figure 8.6.4.2 on parall el tradersd action rules init

ParallelTraderRule

Check.MarketDrugPrice. Country) = "7 fcheck DrughMarketPrice in each Country
PTEuyDrugPrice() = min.DrugPrice AllCountries

Find MarketDrugPrice.Country} = max.DrughlarketPrice
Launch.max.DrugMarketPrice. Country(l = 1

!

___________ while (if Time(} =7 ]
Check.DrugPublicPrice.Country() |

R R =

Figure 8.6.4.2 presents notes on parallel traders agents pseudocode describing their

behavioural pattern. First, Parallel traders check countries Omarkets , comparing drugs
public prices with local drug market price . If the local public drug price is the lowest
among all other markets prices, then they buy the lowest price d drug and sell this drug
in the market with the highest public price of the same drug, thus increasing price

competition on that market

Table 8.6.4.1 Parallel traders parameters
Name country where they Market Entry time to investigate market
buy Year (years)
Traderl 1 1 1
Trader2 2 1 1
TraderN N 1 1
é é 1 1
I n each country there is at | east one parallel trader

entry and time to investigate market drug prices. Their decision to buy and supply
certain drugs is configured in the fAmardaBigulenvesti gat.
8.6.4.2 above

Parallel traders look for a country market where to supply, having the highest price
difference between one and the same drug, compared with the country market they are

located in and from where they buy. They buy a predefined random p ercentage,
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decreasing the drug volume supplied and increasing drugs sold in their country of
location. Then they calculate the selling price of the drug bought as a random function
between the lowest (drug price in the country of buying) and highest price (drug price in

the country of selling).

8.6.5 6Maind top |l evel agent and presentation confi gt
simulation dashboard

TheAiMaino top | evel agent is used to provide graphical
for all agents, their state variables, parameters and functions . This agent provides also
space for plotting  graphs of output variables of interest, which are made visible for the

users, while performing simulation experiment  s.

A whole view of the simulation design cannot be presented in one place due to Anylogic
software limitation  s. All components have been described before. Figure 8.6.5.2 in
Appendix E, presents an overall view of the whole simulation structure, which can be

viewed through opening each individual agents working spac e.

Here, main agents presented ar e, Adrug Firmso, Acount
Atrader so. Mai n agjablesand, payaneters, adnd functions are shown on

Figure8.6.5.1 and parameters included on the 6Maind top | ev
8.6.5.1 .

The Anylogic simulation design work space, project and output panel view , containing
drug price evolution graphs , are exhibited on  Figure 8.6.5.2 , Figure 8.6.5.3 and Figure

8.6.5. 4 (in Appendix E ). Variables and parameters are further explained in Table

8.6.5.1.
Figure 8.6.5.1 Agents, variables and parameters ,and functions exhibited in i
@ timeToWaitForNewLaunch
@ timePeriodToChangePrice
@ useTraders
5 @ timeBetweenDrugs © traders [..]
B RormEless § changePrices @ doctorMarketingInfluence
© countries [..] © drugFirms [..] @ calculatePublicPrice © countrySales [..]
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There are multiple views of each agent and their graphical, functional and technical
features and thatés why these features have been pres

to the 6Maind top |l evel agent.

Figure 8.6.5.2 presents a whole view of the simula tion design space of the Anylogic

software and here, a view on the ERP simulation design. On the left, there are the ERP

simulation project components (agents, parameters, variables, functions, SD elements,

simulation presentati on, dafaNMlasiamddesduroes. Inithe middle, agent ,

there is the view of the graphical working space for each agent and on the right, there

are the technical specification properties related toc

components.

Figure 8.6.5.3 providesazo  om in view of the ERP simulation project components. Agent

6countryd consi sts @Harmaceutialfirma g,eardllel tratlersket.,

presentation, parameters andvariables , col |l ections and events. Agent 0
consists of similar components, including variables, functions, events and SD elements.

Similarly, ot her agents consist of same features: 6Dr

files include data tables for countries, pharmaceutical firm s, parallel traders and general

parameters. Clicking on each agent, opens that agent¢
further inspected. Al agentsd views have been preser
pages. 0 Mavelmgentiprespntsla epace for designing simulation output graphs and

user dashboards tailored to user individual preferences (Figure 8.6.5.4 in Appendix ).

Figure 8.6.5.4 provides an example of a user dashboard for the ERP simulation

experimentation, cont  aining selected number of countries and drugs prices for

observation and comparison. Price evolution graphs for drugs A, B and C are included

(from top left to top right) for Austria, Bulgaria, Hungary, Poland (top level), Latvia,

drugs public budget expen  diture for these drugs for Bulgaria, Slovakia, and drug prices

for parallel traders (middle level), and drug A price evolution comparison for these six

countries (lower level in the centre). On the same level, on the left side, there are

includedtwoinput par ameters that the user can control: o6Mark
0l nclude Parallel Traded. Al so, the uspharmaceudcal vi ew t he

firm s, pharmaceuticalfirm supply chains (6écountry Salesé) and par

Here, the order of agents activities is described in line with the three stage procedure of
conceptual, functional and technical specification for the hybrid SD & AB simulation

model. Since the ERP simulation model is hybrid, containing SD and AB features and
elements, a three -stage procedure of conceptual specification, functional specification

and technical specification is used as described in section 8 and Figure 8.3.1 . The
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scheduling of the agents behaviour has been carried out in the technical specification and

follows from the previous conceptual and functional stages.

The order of agents actions follows the pharmaceutical market logic (as described in the
conceptual specification) , specifically the logic of launching new medic inal products on a
local country market or a group of markets. The steps of their behaviour are as

following:

1. Initially an innovative drug manufacturing agent make s a selection of the most
attractive local market to launch their new on patent drug, incl uding calculating
their drugs price, according to a ranking list of ERP countries (based on GDP index
attractiveness), and according to the ERP rules set by the local pricing authorities.

2. The manufacturing agent then launches their drug in the rest of the countries
following the ranking list and the ERP rules of the other countries (referring to the
drug price which has been already launched in the first country).

3. Drug prices are periodically (each year, or any other time period) recalculated
according to the ERP rules of each country pricing authorities.

4. After 10 years of patent protection, another manufacturing agent of a rival generic
drug launches their drug and one year later after the first generic drug, a second
generic drug manufacturing agent lau nches their rival drug (all drugs contain the
same active pharmaceutical ingredient).

5. Patients agents buy and consume their drug according to the prescribed scheme
(one pack per month).

6. Parallel trader agents  (one agent per local market) actinarandom mode after
wait ing for at least one year, in order to compare drugs prices among different
local country markets, after which the y buy the cheapest drug from one local
market and sell that drug on to the local market with the highest price of the same

drug.

Different agents have different information, which relates to company agent specific

information like max imum and min imum drug pr ice, competitive pricing tactics (% to
decrease one’s drug price due to market share competition). ERP rules for local country

markets and local GDP indexes are transparent for all manufacturing agents as they are
in the real market . Parallel traders agent s have info rmation on drugs public prices among
all local markets , but do not have information about rival parallel traded drug price mark

ups.

There are two s tochastic elements  in the model: (i)  individual drug manufacturing agents
pricing tactics (% of m  arket price discount due to local market competition) since these

are not transparent in practice and are kept as companies trade secret, and (i) the
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parallel trader agents pricing tactics (price differences between buy and sell price).

der 6s

Table 8.6.5.1 Parameters exhibited in AMaind age

Parameter value unit notes

time to wait for new 1 year how often a company tries to launch in a

launch new country

time period to change 1 year how often the drug company reviews their

price own price

Use Traders FALSE | unitless

time between drugs 30 day how often patients buy

for patient drugs

doctor marketing 80% unitless probability that a doctor will be influenced

influence by marketing efforts
Scenario experiments are initialized with the purpose to support the setup of simulation
exploration, related to the research questions. | have used real market data (regarding

drugs max imum market launch price and min imum price before market withdrawal) and
real ERP rules data for local country markets, including prescribing practice for CVD drugs
(statins, anticoagulant and hypertensives, which are one pack per month) and local
prescribing regulation (if on innovative or generic brand or on INN) or mandatory price

discounting related to local market drug reimbursement regulation

The simulation structure is initially configured to include the following number of

pharmaceutical frm s and their supply chains, countries and parallel traders:
0 Oneinnovative pharmaceutical firm  (drugFirmA) supplying drugA
o0 One generic pharmacedutical firm  (drugFirmB) supplying drugB
0 Another generic pharmaceutical frm  (drugFirmC) supplying drugC
o0 Asupply chain foreach  pharmaceutical firm  (three supply chains per country)
0 One parallel trader per country having a parallel supply chain (31 parallel traders)

0 31 countries with 93  pharmaceutical firm  supply chains
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8.6.6 Hybrid simulation model verification and validation

8.6.6.1 Verification and validation approach

The hybrid simulation modelling confidence building followed main recommendations and

practice from the  relevant literature, connected to gaining trust in system dynamics and

agent -based simulation modelling practice , sSummarized in atable (Table 8.6.6.1 in
Appendix E ).
| have taken an approach ensuring a consistent and reproducible confidence building

procedure following practical applications in the field (Howick et al., 2008; Macal et al.,

2014; Kim and Andersen, 2012; Djanatliev et al., 2014; Kligl 2008 ). These are
examples, related to practical confidence building in models for multiple aud iences
through a O6modelling cascaded procedure, validation c

power markets, building confidence in causal maps generated from purposive text data
(explained in previous chapters 5 (section 5.1), 6 (section6.1) and7 (section 7.2)), and

using structural and behavioural validity tests.

I have chosen to follow the above approaches because | have applied similar procedure

for qualitative and quantitative modelling and simulation design. | have used purposive

text data to genera  te causal maps and to inform the design of resource agent maps, then

I have continued with the technical transfer of the RAM into a quantitative simulation

which involved system dynamics and agent -based design steps and properties relevant
to the Howick et al. 2008 and Macal et al. 2014 practical examples described in their

papers.

In relation to the ERP focus of my PhD research, the validation framework had the

purpose to build confidence from pharmaceutical system stakeholders and experts that
the appli ed RAM modelling and simulation approach is theoretically sound and can
provide conceptually and operationally true representation of market resources and

agents behaviour.
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First, the simulation model building followed a technical procedure of transferri ng the
validated conceptual qualitative RAM into a technical quantitative simulation model. All
the maps content (resources, agents, agentsdé rules ar

proved to be an fAunderstandable and tighsodeKdewi ok i on

et al. 2008) since they come from documented stakehol
6.1.B, 6.1.C, and Figures 7.2.1, 7.2.7, 7.2.8 ,7.2.9, 8.1.1, 8.6.6.9, 8.6.6.24, 8.6.6.25,

8.6.6.26, 8.6.6.27, 8.6.6.28, 8.6.6.29 ), and have been regarded by s takehol der séo
representatives and independent experts to exhibit #l
2006).

The above ensured (following Heath et al. (2009) ) the first requirement for a quantitative
simulation building validation, related to the first s tage of the conceptual validation. This
is then followed by a second stage of operational validation to ensure that the simulated

system behaviour corresponds to the real system behaviour. Both stages of the

simulation model building must be consistent wit h the applied theoretical framework and
the related behavioural criteria . Here they have been introduced as a support to the

‘resource agent” perspective behind the SD and AB hybridization.

The operational validation of the hybrid model followed the Orm erod and Roswell 6s
(2009) requirement for model replication and outcome explanation, and that

Aibehaviour al rules should be capable of justificatior
model O. I't also followed a Econfidence btwbugdi ngE reqt
continuing the conversation conducted with experts and stakeholders, now focused on

the simulated behaviour of the modelled system and its components and their level of

true representation (justification) according to Franco (2006), Mingers (2000) , and

Howick et. al. (2008).

Another principle of simulation modelling validation followed here is that "the main
purpose is not accurate prediction of what will occur, but instead greater learning and

understanding of the causal mechanisms involved in th e situation” (Mingers, 2000).

Numerical validation and verification (if the simulation model is producing the right

performance) is achieved through the following.

All equations and code in the simulation model have been checked for technical and
functio nal adequacy throughout the whole coding and testing procedure, and edited if
any errors or inconsistencies were found. Also, technical documentation has been written
and included in this chapter for complete explanation of the simulation model building
and coding procedure, including description of variables, parameters, values and agent

rules in line with  the "conceptual -functional -technical" specification procedure, which
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provides better procedural means for explanation and reproducibility of the simulat ion
modelling process than the " overview, conceptual design and detailed description " (ODD)
framework as used in North and Macal (2014) and in Grimm et al., 2010 . The purpose of
this is to provide transparency and means for independent check and replication of the

simulation modelling composition and results.

There are a lot of published research using simulation, but a few publications are related
tousing h ybrid (SD, ABM and DE ) simulation in different combinations, applied within
healthcare . In my literature review onthe use of hybrid SD, ABM and DE in healthcare
systems six used SD and DE hybrid simulation, three used AB and DE hybrid approach

and one used SD and ABM hybrid combination (Cassidy et al. 2019) . This shows how

little in number there are SD and ABM hybrid applications in the reviewed field.

In this respect , not all papers provided information on validation and verification
approa ch. Out of all hybrid SD and DE, SD and ABM and ABM and DE (Cassidy et al.
2019), justthree papers included account of the validation and verification approach

applied.

Djanatliev (2012) and Djanatliev et al. (2014) have used structure validity thr ough direct
structure tests (conceptual confirmation test) and achieving credibility from review by

experts including on  data sources and assumptions used, as well as the results of the

simulation. Kittipitta et al. (2016) applied behaviour validity test using simulated

output compared to real data (T -test). Viana (2018) applied  behaviour validity through
simulated output compared to real data and reviewed by experts and structure validity
through Structure -orientated behavioural tests (structure -confirmation test, extreme -

condition test).

In relation to my confidence building procedure, | have ensured structure validity of the

qualitative and guantitative model (RAM and scenario simulator) throu gh using
documented stakeholder assertions and subject matter experts opinion, and through

performing parameter variation tests, confirming structural adequacy. | have ensured
behavioural validity through comparing simulation results with real drug price h istorical
data through visual comparison between real and simulated drug price evolution

(Ormerod and Roswell, 2009 ; Djanatliev et al., 2014 ).

8.6.6.2 Comparison to official drug public price evolution data obtained from the
EURIPID project, availabl e for the period of 5 to 10 years.
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This data is regularly collected from price regulation authorities of most of the EU

countries for the purpose of ERP regulation. Comparing simulated public price evolution

with real data for a number of drugs showed cl ose proximity (can be viewed in Appendix
E to this chapter, containing excel documents and on Figures 8.6.6.1, 8.6.6.2 , 8.6.6.3,

8.6.6.4, 8.6.6.5, 8.6.6.6, 8.6.6.8, 8.6.6.9).

On the following graphs price data are compared for on patent innovative drug ticagrelor
(no generic competition), for off patent original clopidogrel and generic clopidogrel and
for off patent original atorvastatin and generic atorvastatin with their simulated price
evolution for drug A, drug B or drug C (drug A simulating the on patent and off patent

innovative medicina | product and others simulating competing generic drugs ).

Factors that influence simulated price evolution are ERP rules, market brand competition
and rival price tactics, parallel trade competition and demand and local prescribing

regulation on brand  oron INN (drug molecule name)

Initial drug price parameters  for each simulated vs real drug price comparison, differ

from the actual drug price with a small fraction , in order to provide better opportunity for

visual comparison. ERP rules  (parameters) i n the simulation experiments are the same as
their real local market counterparts , and pharmaceutical firm  pricing tactics related to the
percentage of competitive price decrease s, are derived from real price evolution data

taken from EURIPID . For calibrat ion purposes, real market drug price evolution  data have

been used (EURIPID drug price data ): max imum drug launch price  (for market launch)

and min imum drug price (before market withdrawal) , including real local  country market
ERP rules (reference country basket, time period for drug price recalculation, referencing
to min. or average drug price and other) , according to Vogler et al .(2015) .

Graph 8.6.6.1 Comparison between real and simulated drug prices: on patent Ticagrelor

in BG v on patent drug A.
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Figure 8.6.6.1 Comparing drug price data for real vs simulated (Drug A) on patent brand

Ticagrelor (price per pack in Bulgaria, BGN)

Source of real data: MoH Commission on pricing and reimbursement, link: www.ncpr.bg
A visual comparison test  performed on the two compared drug price evolution data ( on

patent real drug Ticagrelor 90 mg vs on patent simulated drug A) showed no difference

between the two

Figure 8.6.6.1 and Figure 8.6.6.2 above present comparison between real and simulated

drug price data for a CVD innovative on patent drug Ticagrelor. Price data for Bulgaria

was adjusted to local registered prices per pack (reported on the following web site:

www.ncpr.bg ), while drug data for other countries are reported per drug daily dose DDD

in the EURIPID data. ERP rules, implemented for all countr ies in the simulation are

Omi mickingé those that were relevant to each country
in Vogler et al. (2014). Drug price data are taken from Bulgarian price regulator at the

MoH, available at the following link: www.ncpr.bg . Drug price data for other compared

countries are taken from the EURIPID database (Agreement NEAK MFF 40113/2021).
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Figure 8.6.6.2 Comparison between real and simulated drug prices: on patent Ticagrelor
and on patent drug A in Latvia.

Source of real data: EURIPID, price per drug daily doze (DDD)

These two examples provide evidence for validation of the simulated drug price

performance replicating real drug price behaviour for on patent drugs which have a

monopolistic market position and price tactic. In Bulgaria there are additional rules for

stat e price discounts after drug launch on the local market, in order for the medicine to

get reimbursement. That explains the initial price discount observed in the beginning

after drug launch, while the next price decrease happens just before patent expirati on
and the launching of generic drug competitors. The behaviour of real and simulated drug

prices almost coincides (no statistical significance in variance) in numerical comparison

and fully replicates real behavioural price pattern (Ghaffarzadegan et al. 2011 p.p. 29
and 30), demonstrated through the two different examples for Bulgaria and Latvia. In

Latvia, price evolution of Ticagrelor remains unchanged because there are no price

decreasing requirements like state discounting or other. Simulated price of drug A for
Latvia mimics the real drug price trajectory in full, providing evidence for the capabilities

of the simulation to reproduce different behaviour of one and the same on patent drug in

different countries, through the period of patent protection.

Graphs 8.6.6.3 and 8.6.6.4 (in Appendix E ) provide real data for price evolution of on
patent CVD drugs Ticagrelor 90 mg and Alirocumab 75 mg in other EU countries like AU,
Belgium, Cyprus, Estonia, Finland, Greece, Italy, Portugal and other (EURIPID data). That

184



data provide evidence for drug price s of on patent drugs behaviour following the two
main patterns described above: either maintaining unchanged price levels or changing
initially due to state price discounting. The second price changing beaviour is transferred
to other ERP countries either in the same or similar pattern or gradually due the local
ERP price calculation formulas which take min or avg prices from ERP countries local
baskets. These on patent drug price patterns are reflected in the simulation output on
graph 8.6.6.3 (in Appendix E). They show that on patent drugs follow similar evolution
pattern among ERP countries with little difference in countries where there are state
mandatory price discounts usually initially once or twice, which can spill over to

referencing countries.

The same pattern for Ticagrelor 90 mg applies also to other on patent cardiovascular

drug Alirocumab 75 mg (Figure 8.6.6.4 , Appendix E ). This innovative drug, having again
no competition, follows an evolution of either no price decrease or once or twice

decreasing due to both or either state discounting and ERP spillover effects among ERP

basket countries. There are also differences in the time of local market entry of one and

the same drug which could result from prior country presence requirements or othe r

regulation factors like delay in the local price registration procedure.

Comparing these graphs  (Figure 8.6.6.3 and Figure 8.6.6.4 in Appendix E ) with simulated
on patent drug prices  (Figure 8.6.6.5 in Appendix E ), clear close similarity can be
obse rved between real and simulated "patterns” of price evolution. Three pattern types

are distinguished: no change in price, change in price through state discounts and

gradual change in price due to price calcul atdi.on

These three types of patterns are captured in the simulated price behaviour on graph
8.6.6.5.

"Pattern" comparison can further strengthen confidence generation in the simulation

conceptual, functional and technical validity to provide "accurate” Ghaff arzadegan et al.
2011 p.p. 29 and 30 ) means for ERP evaluation. Another observation of real and

simulated price behaviour provides also similar effects connected to timing of drug

launch. Delays of one year of drug launch are observed both on real and si mulated
graphs, which could result from requirement for min number of countries presence of the

drug before local price and reimbursement registration and for marketing authorization

approval.
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On Graph 8.6.6.6 drug price evolutio n of clopidogrel (original and generic brands) are
compared with simulated price evolution of drug A, drug B and drug C, "mimicking" real
drug products behaviour. Simulated results provide evidence for a close proximity to real

Opatterndé of tbhéhaviodr ug pri ce
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Figure 8.6.6.6 Comparison between real and simulated (Drug A, Drug B, Drug C) drug
price data: original brand clopidogrel (Plavix) and generic brands (Kaldera, Trombex) in
Bulgaria.

Source of real data: MoH Commission on pricing and reimbursement, link: www.ncpr.bg

Visual comparison tests  performed for real and simulated drug price evolution for Plavix
(on patent original drug brand), Kaldera (generic drug brand) and Trombex (generic drug
brand rival) vs drug A (on patent drug), drug B (first generic drug) and drug C (next
generic drug), have prov ed no statistical differences between each pair of real and

simulated drug price evolution data.

After maintaining high price levels during on patent no competition period, even in the
presence of ERP, original clopido  grel starts quickly to reduce price due to the price
competition of entering generic drugs, until deregistered from the local market five years
after generic rivals launch (Figure 8.6.6.1). Simulated price of the innovative drug A

follows the same pattern. The prices of real and simulated generic drugs also follow close

186


http://www.ncpr.bg/

evolution, providing further evidence for simulation confidence. Performed visual
comparisons proved no statistical differences between compared drug price evolution

data.

Next Figure 8.6. 6. (results on clopidogrel comparative drug price evolution in Austria ),
provide further confidence in the simulation conceptual and functional capabilities to
produce simulated drug price evolution behaviour following real drug price data at close

levels, without statistical difference.
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o
& . . . .
O 0.8 4 -Austria clopidogrel 75 mg plavix
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5 0.6 —&—DrugFirmC in CountryAU price
evolution
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Figure 8.6.6. Comparison between real and simulated
data: original and generic brands clopidogrel 75 mg in Austria.

(Drug A and Drug C)  drug price

Source of drug price data: EURIPID

This provides better condition to compare drug price

to priced and on O6pattern to patternd comparative apfr

On all graphs, which exhibit real and simulated drug price evolution, initial Simulated
drug prices h ave been set up to start from the point of entry of real drugs prices at a
close level with the purpose to make the comparison and price evolution observation

easier.

Next graphs 8.6.6.8 and 8.6.6.9 provide further evidence for simulation validation and
confidence through comparison of real and simulated price evolution of another
cardiovascular drug treating high levels of cholesterol: Atorvastatin original and generic

brands in Bulgaria and Austria.
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Here, again drug price sources are different (national pricing commission for Bulgaria and
EURIPID data for Austria), which provide further evidence for confidence generation in

simulated behaviour.
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Figure 8.6.6.8 Comparison between real and simulated (Drug A, Band C)  drug prices:
original Atorvastatin brand (Lipitor) and generic brands (Torvacard and Aragil) in
Bulgaria.

Source: Bulgarian Pricing Commission, price per pack.

Visual comparison tests  performed on real and simulated drug price data, once again
showed no statistical difference s between compared pairs or drug prices evolution for

Torvacard (generic), Aragil (generic) and Lipitor (original off patent) drug brands.
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Figure 8.6.6.9 Comparison between real and simulated drug prices: original Atorvastatin

brand (Lipitor) and generic brand in Austria.

Source: EURIPID, price per drug daily doze (DDD)

Simulated price evolution follows very close proximity with real drug price evolution

(Figure 8.6.6.9) and fully mimics real price pattern of chan ge in time period observed,
shown in the previous four graphs (Clopidogrel and Atorvastatin) and including the

behaviour of on patent drug prices. This ensures that the ERP scenario simulator is

configured to "realistically" and "accurately" (Ghaffarzade gan et al. 2011) represent real

market price behaviour, providing confidence in the simulator correct configuration in

terms of ERP rules setting, pharmaceutical firm  price tactics and market competitive
rules, demand and supply market structure and releva nt functional and technical
components.

All of the presented examples of comparison between real and simulated data on original
on patent, original off patent and generic drug prices, have been compared for existence
of statistical difference s betweenre al and simulated price evolution through visual

comparison .

These tests (Gilbert et. al. 2018) provide further confidence in and validation of the
simulation design conceptual, functional and technical "accuracy" (Ghaffarzadegan et al.
2011) to represent  correctly (conceptually and numerically) the ERP regulation effects on

market system behaviour.
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Figure 8.6.6.10 and Figure 8.6.6.11 in Appendix E provide a comparative "pattern”
(Ghaffarzadegan et al. 2011) behaviour of real and simulated drag prices of original and
generic clopidogrel 75 mg in selected EU countries like Austria, Bulgaria, Greece, Latvia,

Poland, Slovakia.

They clearly show one and the same "pattern " of declining prices for both original and
generic drugs after patent expiry of the i nnovative drug and the entering of generic drug
rivals, which marks a starting point for market price competition, interfering with ERP
regulation local rules. Also, the simulated "pattern” of drug price evolution captures

delays in local market drug launc hes, and drug market withdrawals.

A number of drug price evolution graphs per ERP countries, with calculated "trend lines"
(MS Excel) are selected to support drug price evolution "pattern” analysis. Real drug

price data are taken from the Euripid data base.

First three graphs  (provided in  Appendix E ) provide drug price real data with trend lines
for Slovakia, Latvia and Poland for Atorvastatin 10 mg and Clopidogrel 75 mg original off
patent brand and generic rival brand (Figure 8.6.6.12 to Figure 8.6.6.14). Next come

drug price graphs for  the same drugs in Austria, Hungary, Cyprus, Finland, Greece
(Figure 8.6.6.15 to Figure 8. 6.6.19).

What appears common for almost all countries, innovative drug prices which become off

patent decrease quicker than their generic drug rivals due to compe tition effect since the
entering of generic drugs to a local market marks the starting point of this price decrease

of their off patent original reference products having the same INN molecule. This

competition effect interferes with the ERP regulation of each ERP local market which

transfers price levels among referenced ERP basket countries.

Another interesting point that can be made is that
drugs decrease quicker than in other countries, which could be due to different

competition intensity levels, noticeable in countries having INN prescribing opposed to

other with  innovative or generic brand . In some countries the original off patent drug exit
the local market some years after generic drugs entry to that market like in Slovakia and
Poland.

Comparing trend lines for drug price evolution in ERP countries with simulated drug price

data can generate evidence for the following . Drug price evolution pattern, accor ding to
the O60trend | i nes éfigures, appears the sansedonal eodntries with a

difference among local markets with INN prescribing regulation (Slovakia and Poland

etc.), where pharmaceutical firm s compete on price rather than on brand market ing,

compared with countries with "brand" prescribing regulation (Latvia, Austria, Bulgaria),
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where companies compete on marketing budgets. In first group of countries with INN

(MOLECULE NAME) prescribing, drug prices tend to decrease quicker in comparison with
the second group of countries with prescribing on innovative or generic brand
This contextual effect is further explored  in the ERP simulation experiments in chapter 9,

showing that the evaluation results of the ERP re gulation in Bulgaria  exhibit the same

6patterndé of drug price evolution for innovative orig
and for generic rival drugs provided in the EURIPID drug price data (Figures 8.6.6.11 to

8,6.6.19 in Appendix E ). This provides logical reason to consider the ERP evaluation

results for Bulgaria valid and that these results can further be applied analogically also to

the ERP effect in other ERP countries.

8.6.6.3 Conducting meetings and conversations with  experts

ERP simulation scenarios were shown to pharmaceutical market experts from Bulgaria

and EU (industry experts, price regulation authority experts, independent experts), who

agreed to participate an  d to have their opinion used anonymously . This was conducted
through in person and online meetings. All experts were shown same output and were

asked the same questions ( Appendix E ). All experts gave their opinion on the ERP
regulation effects and their  relevance in connection to the ERP simulation design and

results, and agreed with having confidence in the simulated performance output and

"pattern” behaviour, regarding the ERP effect on market system behavior (Table 8.6.6.9
in Appendix E ), including p arameter values assumptions related to agents behavioural

routines configuration.

Figure 8.6.6.20 in Appendix E provides copies of documents regarding working with

experts involved in the Medicines for Europe task force on ERP regulation and Euripid

guide on the topic.  Figure 8.6.6.2 1 and Figure 8.6.6.2 2 provide examples of an email for
scheduling a meeting with Medicines Industry Association in Brussels and a document

containing meeting notes with subject experts. Also, the ERP qualitative map (RAM) and
guantitative simulation results were presented and discussed during working group

meetings on the COST Action EU initiative on medicines shortages.

Out of the researchers  notes from first and follow up meetings and conversations with
the above association  in their Brussels offices , interesting and informative questions have
emerged , which further provided support to the elaboration of the resource and agent

maps .
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For example, while conducting these interviews and conversations questio ns about who
will be using that simulation model And how, to whose benefit, provided accent on the
purpose of the ERP evaluation to support public policy decision making and on the
dichotomy between pharmaceutical companies and public policy makers perspectives ;
Further, the interviewees put accent on the importance of main unwanted effects of the
ERP regulation (if a medicine is withdrawn) and their appropriate communication with

public policy makers , using simulation scenarios accounting for this effect.

The discussion on w hat prices were made public drew attention onthe issue of whether
market price  discounts are taken into account  within the ERP public price calculation , and
informed further  what if simulation experimentati on scenarios . Afocus was put on
parallel traders effecton supply volumes of drugs and put importance onthe role of
parallel traders and the need of their inclusion in the simulation . Further, the

interviewees acknowledged the importance of competition effects ondrug prices and the

need of consideration of competition within the simulation analysis .

Also, an online meeting with a member of the Euripid project and coauthor of the Euripid
guidance report was conducted . This expert used the DE Simulation from the EU
commissioned project on ERP evaluation (Toumi et al. 2014) to produce a research
paper on evaluating the effects of variating selected ERP rules inone chosen local
market . This simulation was lim ited to evaluating only ERP effects connected to

obligatory public price discounting, excluding parallel trade effects and pricing and

marketing tactics of drug companies, and consumers behaviour. Also, neither verification

nor validation support has been officially provided for this DE simulation, which leaves

not enough reason for confidence in the DE simulation design, functions and results.

However, a number of attempts have been made also to conduct a call with another user
of the DE on the topic, but  that user denied at the end to be interviewed and to provide

expert opinion.

All conversations with subject matter experts and industry associations reiterated main
themes, already included in official documents on the ERP topic and evident in the
documen t analysis done in the qualitative RAM stage. Figure 8.6.6.2 4 provides main

guotes from documented statements on the ERP regulation effect on the markets in EU.
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Figure 8.6.6. 23 Main quotes from documented statements on ERP regulation effects and
their document sources

Official External Reference Pricing /ERP/E ffect on pharmaceutical market and
pub lication agent activity

L Toumietal, o  different scenanios illustrated spill-over and drcular effects of ERP;
2014

o  support previous studies on industry’s incentives to engage into launch
sequence strategy;

o Further researches to include parallel trade into the m odel could make this
tool even more powerful:

o other pricing policies, potentially amplified by ERP INN at doctor, Co-
payment, phamacy regulation

2. EGA/EFPIA o EGA: referencing pricesin countries where procurement and tendering
systems are in place (driving down the prices to unsustainable levels)
would be detrimental for the Gx, for patients (availability of affordable
Gx) and for payers (savings):

o EFPIA: ERP and parallel trade created spill-over effects from low price to
higher price countries leading to patient accessissues in low price markets

3. Leopold et al. o apply strategic pricing m ethods when launching products;
o industry and insurance institutions reach lower prices through
discounts’rebates
4. Carone etal. o industry negotiates discounts with distributors not com municated’ and

leave listed prices unaffected. Pay-back m echanisms may ex-post lower
the effective prices, parallel trade may lower effective prices in high price
countries. Packaging also differs;

o industry may adapt strategically and continuously to ERP, partially
eroding the potential for cost-containm ent. The industry can launch
products in countries with high pharmaceutical prices first (e.g. G ermany):

o industry may avoid competition on prices and rather competes on
discounts;

o ERP may lead to prices being too high ‘price inflation’ and not reflecting
national market conditions;

5. Wouters, o manufacturers applylaunch strategies to ex ert upward pressure on prices
0.J. et al. (e.g launch delays or product withdrawals):
(2013)

o EPR isassociated with important short- and long-term issues

All experts have been asked to observe the performance of each scenario

experimentation and to give their opinion on the simulated results and if they can regard

them to be a true (‘right and legitimate” according to Franco, 2006 , “justifiable”,

according to Ormerod and Roswell 6s (2009)) representas

world works”, Howick et al., 2008)

193



Comments that have been received by the experts were positive in respect to the main

guestion of a true representativ eness of the simulated results (provided on previous

pages). They included expertds opinion on price evol U
ERP regul ation effects and experimentsd pam®dmeter set

Appendix E ), main quotes sho wing ERP experts opinion, are provided.

Multiple simulation runs with parameter variation have been done to test consistency of

the simulated output with documented real market behavior observations and published
research ( Appendix E to this chapter on p  ublished info on drug price behaviour and on
EURIPID drug price data evolution). Simulated results and comparison with real drug

price data are provided here and ERP simulation experimentation results are provided in
the next chapter 9). More than that, co unterintuitive behaviour has been explained by
contextual market and contextual regulatory effects, coming out mainly of the variation

in prescribing regulation, reference country baskets
market (provided in the next chapter 9 on ERP regulation experimentation). The above
parameter variation proved that the hybrid simulation approach applied is capable of

capturing real complex market behaviour and produce insights for its analysis and

explanation.

8.7 Discussion

8.7.2 Capabilities related to the ERP hybrid simulation model and its functions

The hybrid simulation model is capable of including all EU and EEA countries applying
ERP or being part of reference country baskets. It is also capable of including higher or
lower number of drug supplying agents (varying drug supply and competition level) and

drug demand agents (varying demand level).

The number of parameters included , provide d opportunity for calibration with real market
data (drug prices, ERP calculatio n formula and reference country basket configuration,
pharmaceuticalfrm and drug trader agentds number, their mark

strategies, etc.)

The simulation model can be further configured to provide opportunity for high number of
parameter variation runs, Monte Carlo, in software calibration and or optimization, but

are dependent on using professional AnyLogic version.
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8.7.3 Insights gained from the ERP hybrid simulation building procedure

Main insights from the simulation scenario experiments are presented in the next
chapter, while in this chapter main learning from the simulation building procedure is

included.

While hybrid SD and AB s imulation model building is challenging due to the lack of
relevant theoretical frameworks and technical procedures (Phelan, 1999, Scholl, H.J.,
2001, Ackermann et. al., 2014), here a new approach is applied, aiming to fill that need,

related to the follow ing stages:

l. Conceptual simulation model building

This stage was greatly supported by the application of the RAM tool, which provided a
gualitative conceptual modelling procedure for the functional specification of the
guantitative model: what are the modelled system components, their interrelations and

behavioural rules, key variables and parameters.

Using RAM as a conceptual hybridization procedure also addresses the challenges for
combination of different simulation methods like SD and ABM (Ackerman n et. al., 2014).
RAM use as a procedure also ensured achieving validation and confidence requirements,

allowing for maintaining a very close connection and mutual reference between both,

conceptual and operational stages.

I. Operational simulation model bu ilding

This stage followed after the functional specification to transfer its requirements related
to the modelled system components and behaviour to a technical (programmable in
software) setting, ensuring a consistent match between the qualitative and the

guantitative representation of the simulated system.

In practice there are challenges connected to the technical integration of the SD and the
AB simulation due to the differences and incompatibility in the software applications
associated with the  two simulation paradigms. However, using Anylogic can overcome
this challenge as it provides a single software environment that is capable to support
simultaneous SD and AB simulation model charting and coding, including iterative

performance testing.

RAM can be used for a theoretical framework, conceptual reference, scenario generation

and testing, expert opinion reference, and as a tool for ensuring and supporting
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confidence and validation requirements. This supported the application of a consistent
appro ach for SD and AB hybrid simulation (both qualitative and quantitative) and

addressed a need in the theory and practice of multimethod approaches.

In this stage, RAM helped in the technical integration between SD and AB coding

(structural interconnections and behavioral rules), since the combined resource agent
map contained all the needed qualitative data related to the hybrid modelling design, SD
resource (stock and flow) structure and agents rule pattern, including interactions among

SD and AB component s. The RAM provided a clear and comprehensive view on resource

structure and resource flows and agents decisions, and how they are interconnected.

8.7.1 Limitations related to the ERP hybrid modelling and simulation
configuration

The ERP hybrid simulat ion model has technical limitations related to the maximum

number of system dynamics components and agents that can be used due to restrictions

in AnyLogic versions applied (PLE or AnyLogic University). For this reason, the simulated
experiments were condu  cted with less number of agents (one innovative drug and two

generic drug companies, which supply to 31 EU countries (93 drug supply chains in total,
with 31 parallel traders and limited number of consumers in each country). The

simulation results  showed that having the right conceptual, functional and technical

specification can produce credible results even when the simulation design is simpler

rather than more complex (Ghaffarzadegan et al. 2011) . There are also deliberate
limitations on  variable s and parameters number introduced in order to provide

opportunity for tractable analysis of scenario experimentations, related to the simulation

modelling focus on ERP effect on drug access, availability and affordability. Further, in a

more complex model , more parameters and variables, r el ated to resources and
attributes can be included if other research questions become part of the model scope

and boundary.

8.7.4 Limitations related to the software used

AnyLogic software does not allow for a big (whole) picture view (contemplation) of the
connections between all agents, resources, variables and parameters. Instead all
components can be inspected in their separate work space view (page) in the software

pro ject windows. This is specifically relevant to the agents' interactions between
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themselves and with systems resource structure and components. While one can have a
view on the SD components in one window, and on each agent characteristics

(parameters, vari ables, functions and state charts) in another, this cannot provide an
immediate observation of the interrelations between all these components of the system
structural and functional design. This is why the integration between SD stocks and flows
(includin g their mathematical representation) and agents behavioural rule functions
(including their programmable code) need to be carefully configured with iterative
observation and testing of the simulated system performance. The above limitation is an
important challenge, which was approached by the use of the hybrid qualitative RAM. The
RAM helped not only as a hybridization procedure to ERP simulation and confidence
building, but also as a tool for maintaining a whole picture and "comprehensive"

reference view of the whole modelled system and associated components and

interconnections.

Chapter 9 ERP Regulation Simulation Analysis and
Policy Recommendation

9.1 Introduction

The simulation analysis of the ERP regulation presented her e, comes as a second step of
the hybrid resource agent qualitative and quantitative modelling framework for the
evaluation of the ERP effects on equitable drug access, affordability and availability in

EU countries .

The simulation design and analysi s follows the RAM qualitative model of ERP regulation
and applies it as a hybrid quantitative simulation building procedure, described in
Kazakov et al. (2021).

The procedure of transferring the RAM of the ERP to a simulation model is described in
th e previous chapter, including confidence building steps through theory led thematic
analysis of purposive text (Hayes 1997, Kim and Andersen, 2012), conversational
approach (Mingers and Rosenhead, 2004; Franco 2006) with three groups of experts,
and compar ison of simulated output in connection to drug price evolution (Macal et al.,

2014) to real public prices in a number of EU countries.

The analysis of the ERP regulation, presents a number of what if scenarios,
conceptualized through the RAM approach and performed through the use of a public

policy scenario simulator. They have the task to elicit the effects of the ERP tool box and

the
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its elements in combination with important contextual regulatory and market competition
factors (Table 9.1.1). It extends fur ther the practice of public policy evaluation through
simulation, bringing a comprehensive approach (Rosenhead, 2006), building upon and
combining the following two principle perspectives related to system dynamics and

agent -based modelling and simulat  ion applications to the topic:

o How small system dynamics models can help the public policy decision making
and evaluation process (Ghaffarzadegan et al., 2011)

o Computational Modelling  for evaluation of Public Policy: Reflections on Practice
(Gilbert et al., 2018)

The principles of the above two perspectives applied here, are related to the practice of
simulation models to provide interactive learning environments, where modelers and
policy makers can design and test policies through experimentation and gaming
(Ghaffarzadegan et al., 2011).

Using simulation helps to illustrate why intendedly rational policies can lead to policy

resistance and can support the design and testing of robust policies , accounting for the

counterintuitive nature of policy problems . Also, simulations can help to build consensus

and can allow policymakers to explore how behaviours are created endogenously,

through a broad model boundary .Inrelationto  policy evaluation, si mulations can provide

means f or comparing behaviour Opatternsd betnween si mul a
apparatus f or 6accurated representation of the simulated
al. 2011 p. 29 and 30).

Policy evaluation can be performed through developing a computational model and
running simulations with and without implementation of a policy, and then compare

formally the two model outcomes with each other and with reality (with the policy

implemented), using quantitative analysis through multiple simulations, sensitivity

analysis, and oO6what if6 tests (Gilbert et al., 2018).
This allows for the  explor ation of alternative interventions and policy options , Simply by

trying out numerous parameter variations, and experimentin g with context -specific

scenarios along different horizons. Such simulation modelling experiments enable

recursive learning by stakeholders , who can achieve system competence and practical

skills through  testing different scenarios and |l earn 06by wdoimanagé cdmplex

situations.
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9.2 RAM scenario setting

ERP hybrid simulation experimentation is set with connection to the following scenarios
(Table 9. 2.1), related to the scenarios generated using the qualitative RAM analysis in

chapter 7.

The purpose of the scenario setting and experimentation is to examine the effects of

what if changes in the ERP regulation components, together with contextual cha nges
related to local price regulation (having effect on local market price competition) and

parallel trade activity (having effect on supply and price competition across country

markets). This will ensure that the ERP regulation effects will be analyzed n ot as an
isolated mechanism but interfering with important contextual price regulatory and market

competition factors locally and across EU ERP markets.

On Figure 9. 2.1 a graphical user dashboard example is provided showing main important
input parameters  and chosen output variables. Such user dashboards are an easy way
for decision makers to configure what if experiments and observe results. Main input

parameters used in the scenario experiments included in Table 9. 2.1are:

Changes in price calculat ion formula
Reference countries basket variation
Time period for price revisions and recalculation

Local prescribing regulation variation, and

S A

Parallel trade competition.

In all presented  scenarios, parallel traders and local prescribing regulation are taken as a
controlling factor for comparing output indicators. Here in this example of a user

dashboard, such output observable variables are product launch time, price evolution

over a simul ated time horizon, product market exit time, public budget spending and
prices of parallel traded drugs, connected to drug access, affordability and availability

criteria.

The input and output variables above have been selected according to the following

criteria:

o Input variables need to present options for varying the ERP tool set, connected to
price calculation formula (calculating min or avg value of a drugs price in
reference countries basket), reference countries basket (changing selected

countries for price be  nchmarking and their number), time period for price revision
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(how often a drugs price is benchmarked and recalculated), contextual factors of
importance like parallel trade competition and prescribing regulation

o Output variables need to provide options to observe ERP effects related to the
research question criteria of equitable access, affordability and availability of
medicinal products (launch time, price evolution, market exit, public budget

expenditure)

Scenario simulation experiment s are set to explore  uncertainties connected to the degree

to which the ERP rules can capture drug price s @ompetitive market  discounts, that are
resulting from  the drug manufacturing agents  6pricing tactics for  decreasing theirdrug s 6
prices due to market competition , and the parallel traders pricing . In this respect, the

hybrid simulation mo d e | i s O notinpsrciple hkecatse al the parameters for

ERP rules and drug launch strategies are deterministic _u rersé
max imum  percentage interval s related to the abovementioned elements ~ (Section

9.3.10) .
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Figure 9. 2.1 Customized user dashboard example for ERP scenario setting and simulation experimentation, connected to the research

guestion of evaluating ERP regulation effects on equitable drug access, affordability and availability criteria
A HybridERP : Simulation - AnyLogic Personal Learning Edition
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The Figure 9.2.1 presented here, exhibits four output graphs. The first graph on the

upper left provides a window for observing drugs local market time of access and drugs
price evolution over time (affordability level) and drug market exits. The next graph to

the right, exhibits public budget expenditure including out of pocket payments associated
with each drug sales vo  lume through the observed simulated time period. The third
graph to the right exhibits drugs prices of local parallel traders and which countries they

are exporting to. The fourth graph below the previous three, exhibits comparative price
evolution of the  same three drugs in six chosen countries: Austria, Bulgaria, Poland,

Latvia, Hungary and Slovakia.

These countries were selected because they have suitable features for the purpose of
comparison of drug price evolution. These include, available data, refe rence baskets, GDP
and drug prescribing regulation. All the graphs provide users with options for selecting a

variable of interest reducing the graphical output to focus on that variable.

The following table  (Table 9. 2.1) provides an overview of the sce narios selected for

testing and simulation experimentation. These scenarios have been conceptualized

through the use of the RAM qualitative problem structuring approach, described in

chapter 7. The scenarios generated and analysed through the RAM are explored further

here, containing their main parameters, related to the variation of the ERP tool set (drug

price calculation formula, reference countries, price revisions), parallel traders and loca I

prescribing regulation effects.

The purpose of this scenario setting is to provide what if scenario situations for
experimentation with changing important ERP -related input parameters and contextual
factors , like the ones described above. This will provide an interactive simulation
environment where ERP  -related effects can be observed and evaluated against the main
criteria of drugs access, availability and affordability. Some of the what if scenarios are
connected to global (EU wide) ERP tool box and contextual factors variation, while other
what if scenarios are experiments with ERP and contextual factors variation on a local

market scale.

The quantitative simulation scenarios (Table 9.2.1) were performe dto follow the logic of
the simulation modelling structure and to reflectthe  qualitative scenarios (  Table 7.4.1 ),

which have been generated using the RAM approach
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Table 9. 2.1 Scenarios setting (selected scenarios)

Scenario
1. ERP regulation effect in
EU EEA countries,
matching actual ERP
parameters
a. Without parallel
trade

b. With parallel trade

2. ERP regulation eliminated
for all EU countries (no
ERP)

a. Without parallel
trade
b. With parallel trade

3. ERP regulation eliminated
only in Bulgaria (local
prescribing by innovative

or generic brand )

a. Without parallel
trade

b. With parallel trade

4. No ERP in Bulgaria,

prescribing by molecule

Notes

This is the initial scenario, in
which reference country
baskets, price calculation
formula and time period for
price recalculation match
real parameters per country;
In addition, prescribing
regulation and GDP per
country also are included
with real parameter values;
It is informed by scenario Ill
(Table 7.4.1)

This scenario is an what if
policy experiment, in which
ERP is eliminated and price
evolution would be subject to
local competition and
prescribing regulation

effects ;

It is informed by scenario Il

(Table 7.4.1)

This scenario is aimed at
testing the effect of no ERP
policy, while prescribing
regulation remains as it is
(prescribing by  innovative or
generic brand );

It is informed by scenario

Il ,Vand VI (Table 7.4.1)

This scenario is the same as

above, but prescribing

Main goal

Compare "ERP with

parallel trade" v

EBP

without parallel trade"

Oto explore what ar

e

the effects of parallel

trade on an ERP g

market

lobal

Include analysis of the

concept of price

convergence due to

the ERP effects

Compare "No ERP

parall el

with

trac

ERP without parallel

traded to

e Xy

effects of parallel trade

on an ERP free global

market

Compare "No ERP with

parall el

trac

ERP without parallel

traded to

e X |

effects of parallel trade

on an ERP free local

market ;

Compare with scen
1

Compare "No ERP

parall el

ario

with

trac
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a. Without parallel
trade

b. With parallel trade

ERP in Bulgaria with
variation in reference
country basket,
prescribing by brand
a. Without parallel
trade

b. With parallel trade

ERP in Bulgaria with state
public price discount for
the innovative drug at
market launch and

parallel trade

ERP in Bulgaria like above
with further generic drug
price competition with
taking acco unt of market

price discounts

regulation is changed to
prescribing by molecule; The
aim is to test the effect of a
market driven by price
competition as opposed to
the previous scenario, where
the market is driven by
brand marketing budgets  ;
It is informed by scenario

Il ,Vand VI (Table 7.4.1)

The aim of this scenario is to
test ERP effect if certain
countr ies are excluded from
the price reference basket
and compare it with an ERP
scenario like it is in practice

It is informed by scenario
l,1v,vandVl (Table
7.4.1)

The aim of this scenario is to
test how state price

discoun ts interfere with ERP
and their effect on the on
patent drug market

It is informed by scenario
VIl (Table 7.4.1)

The same scenario as above
exhibiting effects of generic
competition interfering with
ERP,

It is informed by scenario

and IV (Table 7.4.1)

ERP without parallel
traded when
prescribing is changed
from "brand" to
"molecule”, to explore
the interfering effects

of local prescribing
regulation on an ERP

free local market

Compare ERP variation
effects of changes in
reference country
basket, and influence
of local parallel trade
competition and
specific prescribing

regulation

Exploring effects of
public price
discounting for
innovative drugs at
point of market entry
and influence of local
parallel trade
competition in an ERP
local market
Exploring effects of
public price
discounting for
innovative drugs at
point of market entry
and influence of local
parallel trade and

generic drugs
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10.

ERP v No ERP in Bulgaria

with real public drug price

data and with the

assumption thatthe ERP

can take account of

market price discounts

Simulation experiments

ERP in Bulgaria parameter
variation experiment (Min
or avg price calculation,
innovative or generic
brand or molecule
prescribing, price revision

period)

ERP in Bulgaria drug price
discount uncertainty
analysis experiment

combined with main

This scenario has the goal to

evaluate the ERP effects
when prices are
benchmarked to official
public price without taking
into account market price

discounts ;

It is informed by scenario
I, N, Vv, VI and VIl
7.4.1)

The goal of the parameter

variation experiment is to

test the level of dependence

of the drug price behaviour
and price evolution on ERP
price calculation formula, on
ERP price revision time and
on local pr escribing
regulation and on their
combinations ;

It is informed by scenario
(Table 7.4.1)

This scenario consist s of one

hundred runs for each
parameter combination
experiment , testing for

uncertainty in

(Table

the degree of

competition in an ERP
local market, when
ERP regulation can
capture market price
discounts

Exploring effects of no
public price
discounting for
innovative drugs at
point of market entry
and influence of local
parallel trade and
generic drugs
competition in an ERP
local market , when
ERP regulation cannot
capture market price

discounts

Compare ERP effects
through parameter
variations in the
context and influence
of local parallel trade
competition and
specific prescribing

regulation

Compare different

what if scenarios

This is simulation

experiment 9,
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parameter varia tions from a dr umariet price reperformed to include
the previous experiment discount reflected inthe ERP uncertainty analysis
public price ; and comparison of
Itis informed by scenari o IV | statistical mean values
and VIl (Table 7.4.1) within 95% confidence

interval;

The simulation dashboard can be configured to exhibit output graphs for each European

country implementing ERP regulation and or being a part of a reference country basket,

this way showing how changes in one country ERP regulation can affect drug price

evolution in other ERP reference basket countries. The setting of the actual ERP

regulation parameters per each country is aligned with published data in a survey on ERP

practice in Europe (Vogler, S., Lepuschiitz, L., et al., 2015 ) and shown in the chapter on

simulation technical specification.

The simulation model has been tested with real public price data for all EU countries

taken from the EURIPID data project and compared to public price evolution for

strengthening the user confidence in its capabiliti es to provide a trustful representation of
the pharmaceutical market public price behaviour in conditions of active ERP regulation,

market competition and contextual prescribing regulation. Also, real public price testing

for Bulgaria has been performed, i ncluding three different medicines for cardiovascular
diseases like hypertension, antiplatelet and cholesterol treatment. For the purpose of

scenario analysis, a limited number of 6 countries are chosen for graphical presentation

of drug prices evolution: Bulgaria, Austria, Hungary, Poland, Slovakia, Lithuania. The
selection criteria were related to the actual availability of historical reference price data,

used by ERP countries, obtained from the EURIPID project data. Although the actual data
obtained is limited for a group of drugs and their minimum prices, and for its time period
available, it is presenting opportunity for comparison between actual price evolution and
simulated price evolution, and for strengthening confidence in the capability of the

simulation model to explain ERP variation combined with contextual regulation and

competition effects (interference with prescribing regulation and pharmaceutical frm s

marketing and pricing strategies) on drug access, affordability and availability.
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9. 3 ERP analysis through scenario simulation experimentation

9.3.1 Scenario  I: ERP regulation in EU matching actual country parameters , with
and without parallel traders

To evaluate the influence of parallel traders on the system, experiment with and without
parallel trader agents are compared (Figure 9. 3.1.1, Figure 9. 3.1.2 and Figure 9. 3.1.3).
The results present that parallel traders are an important factor which have effect on
pharmaceutical frm s competitive (marketing allocati on and price decrease) strategy,

even with limited number of parallel trading agents (one per country, trading with only

one drug, making 31 traders among all ERP countries). The most significant effect is on

the price evolution of the traded drug (usually the drug with highest price difference

between country of export and country of import).

In a éparallel traded sceprcasrri emaidm ulgi Aheamdt Mamugi IC a o

parall el tr adlstcandeaobsermeadi oin Hungary (Figure 9. 3.1. 3), although one

could expect this to be on the opposite, following drug price evolution in the other ERP
countries. In Austria, drug C is | ower in a oOparallel
parall el tr ajdst on theoppgositebdwy B becomes higher in a édparall
scenario (Figure 9. 3.1.2) . I n Bulgaria, Oparallel traded v édno peze
produce not only difference s in drug exits number and time, but also difference s in the

price evolution of drug C, which is higher in a o6no parallel traded scenari
9.3.1.1).

If parallel traders are not active, prices of some of the drugs remain higher for longer

periods of time (Figure 9. 3.1.1) like in Austria and Bulgaria for drug C. For example, the

hi ghest priced drug in AU and BG (drugC) remains witHh

parallel traded scenario, while its price is
scenario due to the price and market share competition effects of the parallel t raded
drugs across local markets. As a conclusion, simulating ERP effect on pharmaceutical

market without including Parallel Trade, could produce limited and misleading results,

when assessing ERP effects against main criteria of equitable access, afforda bility and
availability of medicinal products. This would also be valid for not taking into account the
local prescribing regulation and pharmaceutical companies pricing and competition tactic.
Their effects on the actors behaviour and on the ERP system will be presented in the

scenarios to follow.
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Figure 9. 3.1.1 ERP Scenario l.a."No Parallel Trade" v
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Drug Price

Figure 9. 3.1.2 ERP Scenario 1.a. "No parallel trade”v 1. b. " With parallel trade" for
Austria, showing differences in drug B and drug C
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Figure 9. 3.1. 3 ERP Scenario I.a. "No parallel trade "v I.b. " With parallel trade " for

Hungary, showing differences in price evolutions of drug A and drug C

9.3.1.1 Analysis of "price convergence due to ERP regulation” concept

Another counterintuitive outcome is related to the concept that the ERP regulation must
have convergence effect on drug prices around ERP using countries (Vogler et al. 2015),
while the simulation shows no evidence for converging drug prices, but just on the

opposite.

Price evolutions of drug A, B and C, exhibited on Figures 9. 3.1.4,9.3.1.5,9. 3.1.6 (in
Appendix F) show that even each drug is set to enter all markets at one and the same
price value, during the whole simulated time period difference s appear with lowest drug

prices for Bulgaria and Slovakia, middle level prices for Poland and Latvia and highest

level prices for Austrian and Hungarian markets. This should be due to the factthat  the

ERP regulation rules do not "act" in isolation. Instead, there are contextual effects
(market share and drug price competition, prescribing regulat ion and other), that
interfere with the ERP rules, and could hinder, amplify or produce counterintuitive

outcomes, like those described above.

However, it could be acknowledged that certain convergence of prices could occur among
ERP countries which r  efer to each other. This raises further questions about the reference

price baskets composition and suitability in regard to achieving more equitable and at the
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same time affordable price levels. An important remark should be made here, regarding
the price  benchmarking method and if it should be adjusted to local price purchasing
parity levels, since one drug price could be regarded affordable in one country but in
another it could be at a higher or at a lower level when adjusting for the local PPP

criterio n (Figures 9. 3.1.4,9.3.1.5,9. 3.1.6 in Appendix FX)

9.3.2 Scenario Il: |If ERP is not applied in all ERP countries

Figure 9. 3.2.1 Comparing drug price evolution  for Scenario Il. a. "no ERP with out PT" vs.
II.b. 6 no HithPP T $cenario fordrug A in Austria and Hungary

DrugA in AU and HU, 'no ERP PT'v 'no ERP no PT'

10.5
10
9.5
==¢==DrugFirmA price in
.g CountryAU PT
051 9 DrugFirmA price in
> CountryAU no PT
(@)
== DrugFirmA price in
8.5 CountryHU PT
=@=DrugFirmA price in
CountryHU no PT
8
7.5

Time (years)
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Figure 9. 3.2.2 Comparing drug price evolution for
I.b.6no ®BWEBPPTO scenar.i
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This scenario is testing the application of
trade. In this scenario , the price evolution is depending on price competition effect
amo ng all market agents supplying a given drug (drug manufacturers and parallel

traders) on a local market.

Price evolution will also be dependent on contextual local prescribing regulation, which

could be either by  innovative or generic brand or by molecule and which is influencing

the buying behaviour of consumers. Prescribing by brand usually means that patie nts
buy drugs by their brand, and that drug manufacturers compete on marketing budgets

allocated for doctor adoption, without having incentive to decrease their drug price. If

prescribing is by molecule, patients usually buy more affordable (cheaper) drugs and
pharmaceutical frm s compete on mostly on price, which increase further price

competition intensity and can lead to faster price decrease.

If there are no parallel traders in this scenario, originator drug  prices remain higher for

longer period o ftime in countries like Austria and Hungary , but if included then prices

decrease faster (Figure9. 3.2.1) due to the competition effect

on drug prices and on drug market share of each drug company agent. A

counterintuitive e  ffect that can be observed in this scenario is that in certain countries

(BG, PL) prices for the originator drugs decrease similarly in both PT vs. no PT scenarios ,

Figure 9. 3.2. 2, but no drug market exits occur.

These differences between the two group of compared countries could be explained by
differences in contextual effects related to local prescribing regulation (fostering or not

further competition on price) , price competition  between the original and generic drug

rivals,and to parallel tradersd activities locall

Figure 9. 3.2.2 show s that the highest level of price reduction and price affordability is

achieved in countries with higher level of local drug price competition (Bulgar ia) and

prescribing regulation on drug molecule (Poland). In these countries, price competition
fostered by the local prescribing regulation is a sufficient factor for decreasing prices,
even without ERP. Another insight could be that the ERP effect is a gseudo bprice

reduction effect , since it just takes the price competition effect from one local market and
transfer it to other reference countries markets. This will be further tested through a
OERP®& v a dédno ERPO® scenari o e x Peountrypnmanketsinclidmng

scenario variations with contextual market competition factors.
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9.3.3 Scenario  lll: E xperimentation for Bulgaria without  ERP regulation

The hybrid simulation model presented here is also capable to provide opportunity for
scenario experimentation related to a chosen country , and for exploration of the ERP
effects in a parallel trade and prescribing regulation context , including what if

interventions for policy optimization. Here an example is provided for Bulgaria. ERP
regulation in this country is applied at the minimum price level, price revisions are made
every half a year and the reference country basket contains the following countrie
Denmark, Estonia, Finland, France, Germany, Latvia, Lithuania, Slovakia, Slovenia,
Sweden, Switzerland. Local prescribing is mainly made by brand and parallel traders

exist. An initial ERP reference mode, tailored to the real ERP regulation parameters f

countries including Bulgaria is performed and exhibited in figures , included in section

9.3.1.

Here, a public policy scenario simulator designed to support what if policy scenario
interventions is further configured and its different output explai ned. Scenario

experiments were performed from the perspective of a local price regulation authority,

or all

but these also could be done from the perspective of drug company actors , in relation to

their public regulation and pricing strategy.

Scenario explor ation can be performed also on an EU wide policy level for the support of
the efforts of country coordination on finding common and more effective practices of

ERP application in relation to ensuring equitable access, availability and affordability
objecti ves in the context of EC goals for the improvement of the functioning of the
pharmaceutical systems within EU and minimization and elimination of market failures

due to inappropriate national medicines regulation

Figure 9. 3.3 (in Appendix F ) is a snapshot of a public policy scenario user dashboard
tailored for experiments setting and output observation for Bulgaria and selected

countries for comparison (AU, BG, HU, PL, LV, SK). This set up can be changed to the
specific requirement of the pu blic policy decision maker or from a global and local pricing

tactic perspective.

The following settings have been made through the dashboard panel containing the input

parameters and their chosen values (numerical or text):

l. Settings for local ERP and  contextual regulation (country applying the ERP,
reference price calculation formula, reference countries basket and price

revision time period, public price discount and year to apply this discount,
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number of countries presence prior to local drug approva I, local prescribing

regulation)

I. Settings for pharmaceutical firm s pricing and marketing strategies (drug min
and max price, time of local launch, market share change condition for price

decrease, marketing allocation, marketing influence)

Il. Paralleltra der s6 activities (active or inactive)
9.3.3Scenario Ill. a. éno ERP, n o p a linaovdtive br ganerialamd  (
prescribing) v Scenario Ill. b. 6no EWRM®,parall el traded (prescribing
innovative or generic brand )

Figure9. 3.3.1 Comparing 6no ERP, SceparipphlraaVv | @ih o twiHE e 0
par al | e lSceharica Hl.ehd

NO ERP, NO PT V PT DRUG PRICE EVOLUTION, (BRAND)

10.4
Iﬂ i OF |
L]
L]
9.4 .
PN B
8.4 ‘
o &6 o ¥eo o) (e i¢ o ¥e o )i(e o3¢ @ K
7.4 *d oms
6.4 - .
= B
54 e el ¢ DrugFirmA in CountryBG price evolution
=« DrugFirmB in CountryBG price evolution

4.4 e e X e e DrugFirmC in CountryBG price evolution

=&— DrugFirmA in CountryBG PT
3.4 DrugFirmB in CountryBG PT

=¥ DrugFirmC in CountryBG PT
2.4

9 H© ., Q0 9N H .V 9 . H K H H H 6 H A H DB H O H O H AN
TN AT N AT N AT N e T N NN TN TN AN TN T Y AT Y
) Q N N NG No N NS N N N 2
Time (years)
In this Scenario IlIl. a. ( innovative or generic brand prescribing, branded market), ERP is

not applied and there is no parallel trade. There are no drug exits but prices are
maintained much higher for longer period of time mainly for one parallel traded drug in

comparison with scenario 3b. (innovative or gen eric brand prescribing, no ERP with
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parallel trade). Generic drugs also maintain higher prices but with less difference.
Competition works mainly through marketing budget when local prescribing regulation is
by brand, which keeps price level higher for lon ger time especially for the innovative or

generic drug, which have better competitive tactic.

When parallel traders are active (Figure 9.3. 3.1.), price decrease  occurs for higher priced
drugs (here drug C). However, an interesting and counterintuitive observation is that the
drug that third enters the market with the lowest initial price (Drug C), in both scenario

preserves its initial price for longer , this appearing at the end of the shown period , to
maintain higher price than its rivals. This appears to come from the effect which parallel
traders have on market competition and market shares of the parallel traded drugs.
Pharmaceutical companies  decrease their drug prices if they lose market share compared

to rivals, but at the sam e time they try to influence prescribing and buying behaviour by
allocating marketing budget s, linked to their sales revenues. Apparently, the firm
manufacturing drug C, both is object of parallel trade and captures the larger market

share on the Bulgari an branded market, which makes the firm refrain from decreasing its

drug C price. However, at the same time the effect on price reduction goes to the other

rival drugs and mainly to drug A

Anylogic software dashboard panel for O6no ERP,6amlod npoa rEaRPl, e lwittrhade
par al | e]price evaldiendor drug A, B, C in Austria, Bulgaria, Poland, Hungary,

Latvia and Slovakia , are provided in  Appendix F X (Figure 9. 3.3.2.a. and Figure

9.3.3.2.b).

Comparing the drug price evolution patterns between the two scenarios exhibited on
Figures 9. 3.3.2.aand 9. 3.3.2.b (larger graph displayed in the middle), it is evident that
the span (difference) between the lowest and highest drug price is higher in the "no

parallel trade" scenario versus narrower in the "wit h parallel trade" scenario. This
provides some evidence that parallel traders can support price convergence rather than

the opposite.
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Figure 9. 3.3.

2 Comparing OERP nor mal , parallel trade, brand

scenario (Scenariol.b) and 6no ERP, p €Sceadrid llied) tbramddnarket and
molecule prescribing market

NO ERP IN BG (BRAND) V NORMAL ERP IN BG (BRAND), PT
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Figure 9. 3.3.2 compares 6 ERP | imad ,ngpraral |l el traded reference moc

(Scenario I.b)

could provide

and 6éno ERP, p 8ceraliollliebl , brandgpresciibing market

Looking at that comparison on one graph , it is clear that a market with ERP regulation
means for more favorable price affordability levels on one side, but on the
have effect on drug market exits (drug A exits at year eight after its patent

other it could

expiration and its monopolistic position on the market, after which it experienced market

and price competition from generic drug rivals coming to the market).

Compar
Figure

brand

ed to the scenario of ONoalERPreparalbl elg maadke (
9.3.2 b., drug price evolution difference betyv
prescribing marketd become much | ess observabl e
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the two scenarios on Figure 9.3.2 a. It is due to th e increase competition on drug price

rather than on brand marketing among rival drug companies.

9.3.4 Scenario IV: Co mp ar i MogER®E, parallel trade, molecule mar ket 6 scenar.i
IV.aand OEWI®P,par al | el hranda dnarket scenario IV .b.
NO ERP IN BG (MOLECULE) V NORMAL ERP IN BG
(BRAND), PT
DRUG PRICE EVOLUTION
10.4
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7.4
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DrugFirmC in CountryBG PT molecule
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Figure 9. 3.4.1. Comparing OERP Ilike normal, parall el
scenari o and 6no ERP, parall el tradebo6, brand mar ket
Price competition (if prescribing by molecule) and if ERPis not applied , can have
counterintuitive effect (Figure 9.3. 4.1 above) on drug availability (innovative off patent
drug A exiting at about year 10 after patent expiration), compared to the ERP ref erence
mode scenario (regular price revisions with prescribing by brand). This effect could be

attributed to the local prescribing regulation, which if connected to molecule

prescriptions, could intensify further local market price competition. This is evi dence for
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the favourable effect on affordability of a local prescribing regulation which fosters price
competition. A combination like that can ensure that if any drug market exits occur, they
would not be due to the ERP regulation and price cross country referencing feedback

effect.

Furthermore, the ERP can be applied not as a price setting tool but instead as a price
negotiation tool to support local pricing authorities against the market power of drug

companies. Also ensuring prescribing by molecule would ensure higher price competition
local effect. In countries with limited market and price competition (with fewer rival drugs

and or local prescribing is done on innovative or generic brand ), ERP configured to
regular benchmarking with drug prices fr om local markets with higher competition level,

could be a good tool to offset oligopolistic pricing behaviour on that local market.

9.3.5 Scenario V: With ERP countries variation in Bulgaria, excluding countries
Greece, Sweden and Netherlands (brand  prescribing )

CHANGE IN ERP COUNTRY BASKET

12

10

9 9.5 10 10.511 11,512 12513 13,5 14 14,5 15 15.516 16.517 17.518 185 19 19.5 20 20.5 21 21.5

« « W » DrugFirmA in CountryBG ERP change ¢ # =« « DrugFirmB in CountryBG ERP change
DrugFirmC in CountryBG ERP change === DrugFirmA in CountryBG PT ERP

. DrugFirmB in CountryBG PT ERP ¥ DrugFirmC in CountryBG PT ERP

Time (years)

Figure 9. 3.5.1  ERP reference basket variation scenario V.a. v scenario V.b. (excluding
Greece, Sweden and Netherlands v normal ERP (including these countries )
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The reference country basket variation scenario is made for demonstration example only,

by excluding three countries like Greece, Sweden and Netherland. The reasons are that

these countries have different economic and social parameters compared to Bulgaria

outcome is similar to the initial scenario (containing the above countries in the reference

basket) with the difference that drug B and drug C get a little higher prices and drug A

lower, but the price evolution pattern remains the same. This experim ent shows that
variation in referen  ce country basket can  produce effects which do not coincide with
expected outcome, which is due to the high level of drug price referencing among all ERP

countries.

A large number of scenarios with variations of the above parameter (combination and
number of countries selected for reference country basket) could be purposefully set
according to each country price authority criteria requirements, however a parameter
variation experiment including all possible combinations would be hardly performable.
This is due to the fact that if for example, such experiment is configured for total number
of countries N = 30, and for a country basket of number of countries K = 10, the n the
total number of all NK variation experiments would be equal to approximately 30 million
runs. That is why, the selection of combination of parameters for parameter
experimentation was considered in line with the scenarios generated through the RAM
analysis in the previous qualitative modelling stage. Another important issue for
combined exploration is the global effect of local state public price discounts which will be

further evaluated in the next scenario experiments

9.3.6 Scenario VI: simulation  with state public discount at drug launch on the
local market

The first scenario explored (after the above settings have been introduced through the
user dashboard) is connected to exploring the ERP effect of a state public price discount
on the loca | drug price evolution, including a requirement for drug A presence in four

countries prior to drug market local price approval.

Figure 9. 3.6.1 presents a graph on the first ten years of innovative drug A price

simulated evolution, after it entered the lo cal market and in parallel other EU markets
included in the simulation model. In this period, drug A is still having patent protection

and there is no competition with other drugs on the EU market. The outcome shows that,
drug A entered local Bulgarian ma rket with delay of  five years (due to the requirement
for drug A presence in at least four countries prior local approval). It experienced a

discount of 10% in its price once at market entry, due to the local price regulator

. The
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requirement. It is evident that price decreases have one off effect after which price
remains at the same level throughout patent protection period, after which it starts to

decrease (after the entering of rival generic drug products , presented on Figure  9.3.6.1).

Figure 9. 3.6.1 Price evolution of drug A

DrugFirmA in CountryBG price evolution
10

DrugFirmA in
CountryBG price
evolution

Drug Price

1 2 3 2 5 6 7 8 9 10

Time (years)

It is interesting to observe what parallel trade can contribute to the drug A affordability

level and how their activities effect ERP. Parallel traders appear to buy drug A from their

local markets, where drug A price is lower and sell it to Hungarian market where drug A

price is higher, in order to take benefit of drug A price difference (parallel traded drug
prices are shown on the graph of Figure 9. 3.6.2, and country markets where these drugs
are sold are shown in the list on the same figure , including which trader sells which
drug) . This brings benefit to the price affordability level in Hungary offering the same
drug to local patients on lower prices. Due to the fact that parallel traders compete for

about ten percent of the market share of the traded drug which maintain monopolistic

position on the market without other generic drug rivals, their activiti es cannot
incentivize the initial drug A public price to decrease, which do not interfere with the ERP

regulation effect on the market.

The global effects of ERP regulation related to a state public price discount introduction in
one local country mark et can be observed on the following Figure 9.3. 6.3, where drug A

price evolution in a group of selected countries is presented for comparative observation.
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Drug A public price discount decrease in Bulgaria is transferred through the ERP local
rul es in full only in one local market of Slovakia and indirectly once in AU and in PL and

LV in a gradual averaged decrease through the ten year period due to the local ERP price
calculation and reference country basket differences. Hungarian local market pr ice
remains at its highest initial level and unaffected and this is the reason to attract parallel
traders which compensate for the lack of competition, for the high price of drug A and for

the inefficient ERP local tool box to bring lower prices from othe r reference basket
countries, where state public price discounts were imposed or efficient competitive

environment and factors like rival drugs and parallel trade have further developed.

Drug A price evolution

10 -
TN—S
==¢—DrugFirmA in CountryAU
price evolution
—8-— DrugFirmA in CountryBG
price evolution
(Llj DrugFirmA in CountryPL
E price evolution
9 -0
O] ) .
) === DrugFirmA in CountryLV
% price evolution
=)= DrugFirmA in CountryHU
price evolution
DrugFirmA in CountrySK
price evolution
8
1152 25335 445555 665 775885 9 9.5 10 10.5
Time (years)
Figure 9. 3.6.3 Drug A price graph for comparing price evolution among six selected
countries ( Austria, Bulgaria, Poland, Hungary, Latvia and Slovakia )
The above simulation experiment shows that changes in the ERP regulation in one
country can have both direct and indirect ef fects throughout all other ERP countries,

depending on local ERP rules, which are interfering  with local prescribing regulation,

parallel trade and competition level (one or more drugs competing on a local market).
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9.3.7 Scenario VII: with generic drugs competition after patent expiration of the
innovative drug

Exploring further the evolution of drug prices after drug A patent expiration and the

entering of two generic drug rivals in year 9 and year 10 (Figure 9.3. 7.1), shows that
prices s tart to decrease for all available drugs , due to market share competition, leading
to no drug withdrawals of the Bulgarian local market. In regard to the affordability

criterion , public drug budget spending becomes lower. In this like in the previous

scenario, the ERP regulation is set to capture competitive price discounts in full and to

use them to change public prices, due to which it can further transfer changed public

prices among reference basket countries with different price competition level.

DRUG A, B AND C PRICE EVOLUTION
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CountryBG price
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6
55
5
1152 25335 445555665 7758859 9.5 10 105
Time (years)
Figure 9. 3.7.1 Evolution of drug prices after patent expiration of drug A

All local parallel traders buy locally and sell among attractive EU markets looking for

higher price differences in order to make profit (Figure 9. 3.7.2in Appendix F ). For
example, Traderl buys drug B from AU and sells to BE, while Trader2 buys drug C from

BE and sells in AU, and Trader 3 buys drug C from BG and sells to AU. All other local

traders and their drug buying and selling activities are also | isted on the right side of the

graph.
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The next graph  (Figure 9. 3.7.3) shows comparative drug price evolution among selected

ERP countries and their respective interlinkages through their local ERP rules set. For

example, drug A price evolution in Austria compared to drug A price in  Bulgaria, provides
observation that no drug convergence appear between the two prices ofthe same
original drug . Further, comparing drug B prices inthe same countries , confirms the
above observation of no price convergence behaviour . This can be explained with the
differences between the ERP rules for both countries and also, with differences between
local competition contextual conditions like intensity of competition , parallel trade

activities and prescribing regulation.

DRUG PRICE EVOLUTION
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CountryAU price
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8.5 CountryBG price
L .
O g evolution
EE == DrugFirmB in
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o 7 = DrugFirmB in
CountryBG price
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6
5.5
5
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Time (years)

Figure 9. 3.7.3  Comparative graph for drug price evolutions after patent expiration of

the original drug (among selected countries)

Further, comparing drug A prices in BG and in AU can explain the parallel trader

behaviour to buy from BG and sell to AU due to making highest benefit of drug A price
difference among the two countries. Another observation is that, because prices do not

converge over time,  this gives room for parallel trade activities and parallel trade effects.
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9.3.8 Scenario VIIl:  Comparative  experiments with real data, ERP  vs.

No ERP

On the next figures, comparative scenario experiments are provided for

Bulgaria. These

scenarios are related to evaluating the effectiveness of the present ERP regulation , which

is used as the reference base case for comparison.

The reference base case consists of the following: drug price calculation is on the 6 mi n 6
referen ce price , price revision period is on one year and reference pricing basket consist s
of countries according to the local legislation data) , parallel trade is active and
prescribing r egul afThe ceferericescase is thenlcampaned &No ERP6

scenarios within the same local market and regulation context.

These scenario experiments are performed with the assumption that the ERP regulation

can capture drug market price discounts, which pharmaceutical frm s are using to

compete with their local r  ivals. This is done, in order to provide ERP comparative

evaluation within conditions when the ERP could provide the most effective results. It

should be noted that in most of the times, competitive price discounts remain hidden and

thus, the ERP regulatio n cannot use them in the calculation of public drug prices among

EU markets.
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Figure 9. 3.8.1 above presents ERP in Bulgaria base scenario comparedto two ot her &6 No
E R Pséenarios ( prescribing on 6mol ecul ed dondatigimr escri bing on
clopidogrel 75 mg.

First observation is that there is no difference in the original drug price evolution in the

firstten years (patent protection period), no matter which scenario is performed. This
provides a clear indication that the ERP regulation is not effective when drugs have
patent protection and th  ere are no other rival drugs onthe EU markets . After the market
protection expires and generic drugs enter the market, bringing price competition, then

all drug prices beginto decrease . The original drug A price decreases most quickly inthe
ERP base scenario , in comparison to all others . However , in the ERP base scenario , the
drug A exits the market three years after patent expiration, while in the other scenarios
drug A stays further4and 6 years on the market. On one side, the above comparison
gives evidence that the ERP regulation can be effective when applied in a competitive
market , in contrast if applied in a monopolistic ( on patent ) market. On the other side,
this scenario experiment further showed thatthe ERP regula tion can lead to drug market
exits . These results provide further insight into the trade off problem  between the two

criterion of drug price affordability and drug availability on alocal market.

ERP base case v No ERP in BG, Generic Clopidogrel 75
35 mg (drug B)
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Figure 9.3.8.2 above presents ERP in Bulgar.i

a

ERPO6 scenarios (prescribing on 6émol e cthelfrstdo and

market generic clopidogrel 75 mg.

The Figure 9. 3.8.2 above presents the same scenarios results for the first generic
clopidogrel ( drug B ), which enters the local market after patent expiration of the original
clopidogrel (drug A). This experiment provides evidence in favour of the ERP regulation
base scenario , which decreases the price of drug B  to the highest extent (providing that

drug B does not have a lower price threshold, after ~ which it must exit the local market).

Another result is that, scenario 6 no ERP & cvatimidrugn mesdcribing on 6 mo |
lead t o higher drug price  levels, in comparison with 6 no ERP®& cvatimipresoribing
on O b rimaordrédiction to the belief that prescribing on molecule fosters price
competition, which decreases prices more than prescribing on innovative or generic

brand . This showed that there are other factors , like parallel trade, = which can foster d

base sc
prescri

ecul ed ca

rug

price competition (  even higher when prescribing is on innovative or generic brand ), and

thus can provide conditions for further price decrease and drug affo rdability in certain
countries . Another consideration could be made in regard to the pharmaceutical firm
tactics to withdraw their drugs after a certain price threshold, which further could hinder

the ERP regulation effectiveness in connection to the drug availability criterion.

The same consideration are valid  when observing the scenario results for the second
generic clopidogrel, coming to the local market (Figure 9.3. 8.2). Again, the ERP

regulation base scenario looks like providing the  best results in relation to the

affordability criterion, but leaves doubts if pharmaceutical firm s tactics include drug exits

after a certain price threshold is reached in an ERP regulation market. Here, the closest

0 no BEPRado to the ERP base scenario is when thelocal prescribing regulation is on

0 mol e cul eving évidance in support to the belief that prescribing on molecule

fosters drug price competition , which further decreases drug prices on a local market

Brand prescribing , on the contrary,  provides results in supporttothe opposite, price

competition is not or is much less supported when drugs are prescribed like brands and

pharmaceutical frm s use marketing budgets , rather than price  discounts , to compete on

the market with their rival companies.
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ERP base case v No ERP in BG, Generic Clopidogrel 75
35 mg (drug C)
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Figure 9.3.8. 3above presents ERP in Bulgaria base scenario

ERP&6 scenarios (prescribing on o6mol e cthelsecénd a nd
generic clopidogrel 75 mg.

9.3.9. Scenario related simulation experiments IX: Parameter variation
experiments

Next, the following parameter variation (PV) experiments have been done, changing

main ERP tool set and local prescribing parameters (price calculation on dmin 6or @vg 4
time period for revision of prices on one or two ye ars, and local prescribingon  drand 6or
dnolecule §.

Comparing PV scenario experiments on variations in main ERP tool set and local

prescribing parameters (price calculation on min or avg, time period for revision of prices

on one or two years and local prescribing on brand or molecule), can support confidence
building, showing output results consistent with documented statements and market

logic (market functioning and changes expectations).
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This PV experiment is run two times with two different assumpt ions, first if ERP
regulation could capture market competition price discounts in full and second if the ERP

could not capture market competition price discounts at all or to a limited level.

Figures 9. 3.9.1 and Figures 9. 3.9.ll and Figure 9. 3.9.ll1 (in Appendix F X) for drugs A, B

and C exhibit eight possible combinations each, between the values of the three

parameters of the ERP regulation price calculation, ERP drug price revision period and

prescribing regulation: ERP o0 n pediodoforie ortvieRears on 6 av g6,
and prescribing on 6brand6é or 6d6mol eculed. This can
combinatorial effects of the different ERP and contextual prescribing regulation changes

on the drug price evolution and can produce important ins ights regarding ERP regulation

evaluation against main criteria of equitable access, affordability and availability of

medicinal products in EU and around EU local markets.

It can be clearly observed on all of the graphs regarding drugs A, B and C, tha t highest
prices occurred when the ERP regulation uses drug price calculation on avg and price

revision period on two years, combined with local drug prescribing regulation on brand.

On the contrary, the lowest drug prices can be achieved if the ERP regula tion uses drug
price calculation on min and price revision period on one year, combined with local drug

prescribing regulation on molecule.

Main insight from the above is that contextual prescribing regulation on molecule plays

an importantrole i  n fostering local market price competition, which can be transferred to
other reference basket countries, but when local prescribing is on brand then prices are
kept higher, which again are transferred through the ERP local rules to other local

markets.

Also, it is clear that neither of the variations in the selected parameters influence prices
of on patent innovative drugs. This is a clear insight that ERP regulation does not and
cannot work if there is no drug price competition on the market or a state public price
discount requirement , meaning it cannot reduce public prices of innovative patented

drugs if there are no other price decreasing conditions.

When ERP cannot capture market price discounts (where pharmaceutical companies
compete on hidden pr  ice discounts along the value chain) , then public prices are high er
and are transferred throughout the reference basket local markets using the ERP

regulation, while the market prices can change more often due to hidden competitive

discounts which remainu  ncaptured.

However, if ERP regulation  could take account of market price competition and price

discounts in full, then drug price affordability level would be much higher but can lead to
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drug market exists, except in most favourable combination of ERP too | set components

(price calculation on avg and not on min, longer price revision time period) and local

prescribing regulation on brand v molecule (Figures 9.3.9.1, 11, 1II) . Because of the
above described effects, a trade off occurs between the aim of ER P regulation to provide
higher affordability and the drug availability lower level countereffect. In this respect,

ERP can be more suitable for application in countries with local prescribing regulation on

brand, providing market competition price discoun ts are official and could be captured
within the ERP tool set. If ERP is applied where there is an active IRP regulation for
reimbursement purposes, then the on patent drug prices could be further decreased due

to the generic drugs price competition within the therapeutic or disease groups.

However, the above experiments use the assumptions thatthe ERP is capturing the
market competitive price discounts , depending on pharmaceutical companies competition
tactics . Here, these are connected to 10% price discounting if the relevant drug

decreases its local market share with 10% , in comparison with the previous time period

In this respect, another parameter variation experiment is set to account for the

uncertainty in the extent to which market competition discounts could be captured in the
ERP framework. The eight combinations of the selected ERP and prescribing regulation

parameter values from the previous experiment have been simulated in one hundred

runs, using different market price discounts within the range of 0.01 to 0.10 of the public

prices. All simulation output graphs have been included in Appendix F X to this chap ter.
Price evolution data sets have been copied from the Anylogic output and statistical
analysis has been performed with MS Excel ( Appendix F X to this chapter), presented in

the next section 9.3.  10.

9.3.10 Uncertainty analysis of the ERP regulation

This section includes uncertainty analysis of the ERP level of capturing market

competition drug price discounts (pharmaceutical firm s market price tactics) , combined
with parameter variation: min or avg price calculation, innovative or generi ¢ brand or
molecule local prescribing, parallel trade and initial state discount for innovative drug,
compared t o egutatioo niaRe? 6

All ERP policy experiments regarding drug price evolution , including comparing different
policy scenarios ( with or without ERP, prescribing on brand or on drug molecule ) are each
run 100 times  (comparing drug prices means) , with price discounts generated as

stochastic data  (within min. to max. percentage interval) ,inorderto compensate for the
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uncertainty of the extent to which ERP regulation can capture real market drug prices for

public price referencing purposes.

9.3.10 .1 Description of the ERP regulation what if scenarios

Visual comparisons  between the statistical means of the compared scenario simulations
have been done on the distributions of drug A price, drug B price and drug C price for the

following scenarios.

1. The first scenario is about external reference pricing regulation with price
calculation on minimum price (among reference basket countries ) and prescribing
regulation on molecule.

2. The second scenario is the same as the previous one but without external
reference pricing regulation application.

3. The third scenario is like the fir st one, but prescribing regulation is on brand.

4. And the fourth scenario is like the previous one but without external reference

pricing application.

The simulation was  performed in 100 runs for each of the above scenarios , with the goal
to capture enough  wide sample of drug price distribution s, with variability in the degree
of the ERP regulation to capture the full market price discount (within 0.01 % to 0.10% of
the public price) , with in a 95% of confidence interval . Drug price statistical mean s of
each run have been analysedin  MS Excel, in orderto compare the above mentioned

scenarios .

The results showed that all drug price mean distributions are  a statistically significant
outcome of different independent  variables with 95% of confidence . Also, the analysis
proves that the results of the compared scenarios ( the means of each 100 run s) are not

due to random factors.

All this means that public price levels depend with 95% confidence, both onthe ERP and
contextual regulation, no matter what would be the degree of capturing market price
discounts through the external reference pricing regulation . Also this means , that both
the ERP and contextual regulation can produce effects ondrug of marketdrug s

availability on a local market.
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This produces an important question about the contradiction between drug price
affordability and drug price availability and how public price authorities should find a way

to cope with this issue.

Figures 9.3. 10.l.A, 9. 3.10.1.B, 9.3. 10.l.C and Figures 9.3. 10.1l.LA, 9.3. 10.1.B,9.3. 10
provides comparative results of the drug price distribution means and tables 9.3. 10.1
andb,9.3. 10.2.aandb, and9.3. 10.3.aandb (in Appendix F X) provide analysis of
variance indicators showing that there are statistically significant differences among all

scenarios that have been used for comparative purposes. In all four scenarios for each
drugA, drug B and drug C, the values of F critical are low er than the values of F
(intergroup mean variance is higher than the intragroup variance )m which provides
statistical proof for rejecting the null hypothesis that there is no statistical difference

among the compared  scenarios .

What is interesting is the counterintuitive comparative results that price affordability level

in scenario when there is no external reference price regulation with prescribing on

molecule is and almost coincides with the scenar io when there is external reference price
regulation, but prescribing regulation is on "brand"” for drugs A, drugs B and is even

better for drug C.

This observation questions the usefulness of external reference price regulation in
connection to the contr  adiction between drug price affordability and drug availability.
This proves the hypothesis that drug price competition plays the main role in rising drug
price affordability levels while external reference pricing regulation can just transfer
direct or in direct price levels from one competitive market to other less competitive

markets and or vice versa.

The price inflation hypothesis is also proved in the patent protected markets and in
markets where external reference price regulation coexists and interf eres with brand
prescribing regulation, this way transferring higher level prices compared to the scenario

with "molecule” prescribing regulation which fosters higher market price competition.

AI.C

.a

Here, a comparative analysis is made on Figures 9.3. 10.1.A, 9 .3.10.1.B,9.3. 10.l.C and

Figures 9.3. 10.1L.A, 9.3. 10.1l.B, 9.3. 10.1l.C. These graphs represent statistical means of
the simulated price evolution for drug A and drug B and drug C in two main scenarios

sets:

l. Market "with ERP" and reference price calculat ion on "min" compared with a

"no ERP" market. Both scenarios include public price state discounting, parallel

trade, and either  innovative or generic brand or molecule prescribing.
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Il. Market "with ERP" and reference price calculation on "avg" compared with a
"no ERP" market, including public price state discounting, parallel trade and

either brand or molecule local prescribing

The purpose of this "with ERP" v "no ERP" comparative scena rio analysis is to assess the
l evel of effectiveness of the ERP regulation against
connection to the main criteria of access, affordability and availability of innovative and

generic drugs on the local markets in EU.

This simulation comparative effectiveness analysis is the first simulation assessment of

the ERP regulation effectiveness. This approach follows main principles for public policy
evaluation through using computation simulation for comparing different policy vV no
policy scenarios and their effectiveness against selected outcome criteria (Gilbert et al.,
2018) . Also, it is the first in respect of taking ac
drug suppliers pricing and market strategies, connected to the ir market sales volumes
and share, drug budget expenditure, public price discounts and local prescribing

regulation. This ensures a comprehensive systems analysis of the ERP and outperforms

the previous simulation analysis performed for the European Commis sion, which has
been connected to a price evolution DE analysis without taking into account all the above
systems components and missing the perspectives of access and availability of medicinal
products, while taking a narrow perspective of affordability ¢ onnected to state public
price discounts transferred among the reference basket countries through the ERP local

countries rules.

9.3. 10 .2 Market with ERP and reference price calculation on min compared with
a no ERP market, considering effects of parall el trade, and either brand or
molecule prescribing.

9.3. 10.2. A Scenario with ERP: Market with parallel trade, state drug price discount for
market entry, prescribing on brand or on molecule, ERP calculation on minimal reference
price, price revisions once per year (PT MEPD brand or molecule, price calculation on
min, price revision period one year).

All comparative graphs (9.3. 10.1. A, 9.3. 10.1.B,9.3. 10.l.Cand 9.3. 10.1l.LA,9.3. 10.ll.B ,
9.3. 10.11.C ) show four drug A, drug B and drug C pric e scenario evolutions for a

simulated 45 year time period, where:

1. the simple grey line represents the mean of drug A, drug B and drug C price when

the ERP calculation is set on min, prescribing regulation is on molecule
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2. the yellow diamond line represents the mean drug A, drug B and drug C price
when the ERP calculation is on min, but local prescribing is on brand (which
represented the real ERP regulation setting, against which other what if scenarios

are compared)

3. the blue dashed line represents the mea n drug A, drug B and drug C price when

there is no ERP, prescribing is on molecule

4. the dotted line represents the mean drug A, drug B and drug C price when there

is no ERP, but prescribing is on brand

In addition, the graph s shows the effect of a public price state discount of 10%
introduced at year two of drug market entry and a requirement for drug presence in

three ERP countries prior to drug price approval and market registration.

Vertical lines on the graph s mark drug time delay, drug patent protection expiration, and
percentage of drug A unavailab ility onthe market (presented as averaged number of
years during which the drug is not present on the market for all 100 runs , divided to the

simulated time period ).

Looking at the graph s, first period of patent protection and no competition of drug A

shows no ERP effect on price decrease in all scenarios but on the opposite, ERP supports

price maintaining on its highest level. Even after the introduction of a publ ic price state

discount, drug A price decreases once and continues to stay stable until patent protection

expiration and coming of the generic drugsé competiti
two years delay due to an external price approval requirement fo r drug presence in at

least three other ERP markets prior to its local launch.

Scenario 1 shows that external pricing reference effect on price affordability is highest

after the patent protection period, decreasing drug A price to the lowest level compar ed

to the other scenarios. On other side its effect on or
compared to the other scenarios (84% not available on the local market). The public

price is higher when prescribing is on brand (scenario 2, but it almost coi ncides with drug

A price when there is no ERP and prescribing is on molecule (scenario 3). In both

scenarios, drug A could be unavailable in 53 % and 64 % of the simulated time period If

there were no ERP and the prescribing were on brand, then drug A woul d have achieved

the highest price hence the lowest level of affordability for public budget and out of

pocket expenditure (scenario 4).

The best policy option for drug A would be édno ERPO g

on molecule, which could br  ing best balance between affordability and availability of
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innovative off patent medicinal products If drug A market exits occur in this option, they

could appear because of market competition and not because of the ERP effects.

Figure 9.3. 10.1.a and Figu re 9.3. 10.1.b exhibit parameter variation experiments output
window of Anylogic software (in Appendix F ). Parameter variations are performed

including stochastic uncertainty parameter for market price discounting from 0.01 to 0.10

%, which provides a proxy forthe drug price competitive discounts degree of uncertainty
of being officialized (  disclosed in the public drug price) and thus captured by the ERP
regulation on a "with ERP" market scenario (Figure 9.3. 10.1.a), and on competitive drug
price disco unts on a "no ERP" market scenario (Figure 9.3. 10.1.b), including variation in

the prescribing regulation ("brand” or "molecule™).

The four output price evolution data sets (related to each of all four scenarios) for drug A

have been copied and analysed i n MS Excel. Descriptive statistics have been done for
calculating drug price means, within 95% confidence interval, standard deviation etc.

Appendix F . After that, drug price means for each scenario have been put together for
comparison on a separate graph (Figure 9.3. 10.1.A). In addition, the statistical analysis
performed for all four drug price data series showed that all scenarios and their price
distributions are statistically significant and are result not from random variations but

from differences i n the main parameters ("with ERP" vs "no ERP", "brand" vs "molecule").

9.3. 10.2.B Scenario without ERP, PT MEPD brand or molecule

The results of the parameter variation  with market price  discount uncertainty analysis ,
exhibited on Figures 9.3. 10.1.a and 9.3. 10.1.b (in Appendix F X), provide the following

insights :

o First, there is alarge span between the lower and upper boundaries of the
resulting drug price evolution, thus accentuating on the importance of the market
drug price discount parameter ;

o Ifthe ERP regulation can capture market price discounts , this would lead to high
affordability ( lower public drug prices) but also to higher level of drug
unavailability (d rug market withdrawal );

o Ifthe ERP regulation cannot capture market price discounts, resulting from drug
price local market  competition , this would lead to lower level of affordability
(public drug prices would decrease with much lower rate) , but onthe other  side,
fewer drug market withdrawals would appear resulting in higher level of drug local

market availability.
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The above results present a contradiction leading to a n important trade off conflict
within the ERP regulation and to a need t o find how to strike a balance between
this trade off tension between the affordability and the availability criteria ;

These results also confirm thatthe  ERP regulation could just "control” prices,

which are officially registered on the public price lists and thus can transfer  their
evolution between reference basket countries ;

Further, these results , as also evident on the next  Figure 9.3.8..A  (presenting
statistical mean drug prices forthe four scenarios explained above) , provide the
insight that the local prescribing regulation, can have interfering  effect with the
ERP regulation and on drug price evolution, due to affecting price competition
tactics of dr ug compani es: 0O brsastid éhigher érsgcprided and dpwer
rate of price decrease in time, in comparison

which fosters price competition and  quicker price decrease.

All the above insights are also evident onthe next  9.3. 10.1.B, and Figures 9.3. 10.3.a,

9.3.10.3.band 9.3. 10.1.C, which present parameter variation uncertainty results for

drugs B and C.

12

10

PT MEPD b m drug A avg price, comparing with and without ERP

I 1
I 1
I 1
e, 1
: \ competition market :
I ..Illlllllll.:‘\.‘.-.. I
! \J AT TERIN 1
i -y "n--...‘. 1
| “‘\ .'T"o-c..
I . I
campe arke ae |
1 = l"..._'- "‘v"c.....
: : \“""-u - - a
: E ]l-_ag TEmEmey, e me -,
= | o I
L = o
T '_ |2
S | 0 =
c = o]
g 5 '3
5 1 + 1=
il a 10
-_— —_ et
o | - 19
o | o -
= 3 1 9
< | T 1=
} 1 -
234567 8 910111213141516171819202122232425262728293031323334353637383940414243444546

= = == Average price (no ERP drug A molecule) Average price (ERP drug A brand)

Average price (ERP drug Amolecule) e+« Average price (no ERP drug A brand)

Time (years)

235

t

(0]



Figure 9.3. 10.l.A Comparing statistical means of drug prices from 100 runs for all

four scenarios  (drug market price discounts are made stochastic) . ERP base case from

section 9.3.8 for Drug Av ersus ERP regulation with drand 6prescribing, é N BRP6

regulation with 6 br and prescribingé and ONo EB@gescribinggul ati on w

Figure 9.3 .10.1.B exhibits the price evolution of drug B under the same environmental

and agent specific conditions described in relation to drug A. Here drug B price follows

similar behaviour and shows that the ERP regulation with price calculation on min effect,

when prescribing is on brand (scenario 2 and scenario 3), is very much similar with the

scenario when there was no ERP, but prescribing is on molecule (yellow diamond line and

blue dashed line). This observation means that the above options are interchangea ble
and policy decision making should be in favour of the one without ERP since it would

eliminate possible unwanted ERP induced pricing spillover effects motivating drug market

exists. Using ERP regulation with calculation on min when local market prescri bing is on
molecule can undermine drug availability level up to 66 % possible market exits of all

simulated time it could have been present on the local market.

Like in drug A scenario options, here a 6no ERPO6 poli
woul d not be recommendable because it favours highest drug price levels throughout the

whole simulated time period. What would be recommendable is that in markets with

prescribing on molecule, it would be better not use ERP regulation with calculation on

min, but instead utilize and foster market competition on price through providing quicker

market access to innovative and generic drug rivals, avoiding the ERP spillover effects

and induced drug market exists. On the opposite, in local markets with prescribing on

brand, it would better use ERP regulation with price calculation on min in order to

increase drug price level of affordability for the public budget and out of pocket spending.
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Figure 9.3.10.1.B Comparing statistical means of drug prices from 100 runs for all
four scenarios  (drug market price discounts are made stochastic) : ERP base case from
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This situation with drug B first entering the generic market, is repeated with its second

generic rival drug C ( 9.3. 10.4a, 9.3. 10.3.b, 9.3.8.3.1.C) even on a higher extent

showing that drug C price affordability |l evel is and
scenario in a Omoleculed competition market (scenaric

with prescribing on brand (scenario 2).

The three graphs on the price evolution of drug A, B and C are showing that ERP

regulation is not an isolated tool and it interferes with local competition, price tactics of
pharmaceutical companies  and prescribing regulation . It is important to take into ac count
local prescribing regulation and number of drug rivals on the market in designing and

adjusting a proper and adequate ERP regulation tailored not only to each local market

but also to innovative and generic drugs . Also, ERP could interfere with local

requirements for public price discounts, which if leading to a lower price compared to the

tactical price threshold of the marketing authorization holder, it could hinder drug market

entry or make the drug unavailable due to market withdrawal
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Another e ffect of the ERP regulation on min when the local prescribing is on molecule is
that it could lead to the lowest drug C prices without making it exit the local market, but

it is due to drugs A and B going out of the market, due to combined effects of ERP
regulation, price competition and prescribing regulation and leaving opportunity for drug

C without to utilize the whole market demand without having rival competition.

PT MEPD b m drug C avg price, comparing with and
without ERP
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Figure 9.3.10.1.C Comparing statistical means of dru g prices from 100 runs for all
four scenarios  (drug market price discounts are made stochastic) : ERP base case from
section9.3.8 for Drug C versus ERP regul ation with
regul ation with o6brand prescribingéd and O6No
9.3.10.2.C Scenarios on drugs A, B and C price evolution in an ERP market with price
calculatio n on "avg", compared to a no ERP market and local prescribing on brand or

molecule variation

The next three graphs on Figure 9.3. 10.11.A, Figure 9.3.  10.1l.B and Figure 9.3.  10.Il.C

exhibit drugs A, B and C price evolution in an ERP market with price calculation on "avg",

compared to a no ERP market and local prescribing on brand or molecule variation. Here

Average price drug C molecule ERP on min

6brandbo

ERPO

238

reget



Drug Price

the "no ERP" market with prescribing on "molecule" outperform all other

policy options,

although it could lead to a 64 % and 34 % drug A and drug B withdrawals, but due to

price competition and not to ERP regulation.
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prescribing

In this scenario, price calculation formula is changed from minimum ("min") price taken

out of the reference country basket price of the same drug, to takin

of all prices. Price averaging seems to have a moderate (smoothing) price decrease effect

with no abrupt changes in price and no drug exits for the simulated ten year period,

compared to the scenario with minimum price calculation.

In

t hi
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scenar.i
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changing

t he

ocal

: ERP base case for
6brand pres
g the average ("avg")
prescribing

while the ERP calculation is done on the average and not on the minimum of the

reference drug prices, brings a little more to the affordability effect. It is an importan t

outcome, because it provides and insight in the capability of the ERP to compensate for
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the differences in the local prescribing regulation in different countries by brand and by

molecule, when the ERP calculation is done by averaging the reference drug

prices.

PT MEPD b m drug B avg price, comparing with and without ERP
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Another favorable effect of this ERP policy scenario is related to the drug av

ailability

criterion, since no drug exits occur in the explored local market. However, this does not

prevent drug exits indirect effects in any of the rest of the ERP markets

ERP on "avg" policy favors higher drug prices compared to ERP on "min" policy option but

on the other side, it keeps unavailability level lower. However, public price state

discounts could be not utilized in full or even are neutralized due to the price av

effects of the ERP "avg" price calculation formula and the combination of reference

eraging
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basket countries.

PT MEPD b m drug C avg price, comparing with and without ERP
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In general, following the observations of the simulated scenarios  and policy options, it
could be stated with confidence that off patent markets with local prescribing regulation

on "molecule” provide more sustainable conditions for ach ieving higher levels of drug
access, availability and affordability without ERP regulation in comparison with other

options. However, in markets with local prescribing regulation on "brand”, ERP regulation

can bring value in relation to all three criteria, especially on affordability of drugs on an
"off patent" market. ERP brings no or limited effect on increasing access, affordability and
availability of on patent drugs but on the opposite, it could hinder or delay drugs market

access and provoke drug mark et exists, due to reference basket countries price
benchmarking avoidance tactic, on one side, but on the other it could support higher on

patent drug price transfer around ERP local markets in EU.
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9.4 Recommendation for optimal policy decision making

The ERP hybrid simulation is capable of producing more realistic price evolution behavior

in comparison to previous ERP DE simulation approach  (Toumi et al., 2014) , due to
introducing agent behavior and resource feedback complexity , repre senting more
accurately pharmaceutical market complex adaptive system characteristics. This way the
ERP hybrid simulation is overcoming previous DE simulation limitations related to not
taking account of the counter effect of drug manufacturers Omarket and pricing

strategies, parallel trade effects and contextual regulation effects.

The hybrid simulation experiments provided evidence that, for example, i n a scenario
where ERP regulation remains like it is, but prescribing regulation is changed from brand
prescriptions to prescriptions by molecule (fostering market price competition), effect on

drug availability (drug market exit) can occur quicker, especially for the off patent
innovative high priced medicines. Some generic drugs could also follow suit thei r exiting

rivals due to pricing tactics (Figures 9.3. 9.1,9.3. 9.1 ,9.3. 9.l ).

Access would not be affected due to the ERP application. It has been shown that ERP
regulation provides a mechanism for price propagation around reference countries and at

the point of entry it can be used by drug suppliers to legally transfer their initially

registered as high as possible prices in the most attractive (high GDP) reference

countries. Access of a medicinal product could be hindered due to other reasons, for

example if there were a requirement for a mandatory price discount for publicly

reimbursed drugs, or there were a requirement for the entering drug to have been

included in public payment schemes in more than one reference countries prior to local

public pri ce registration (Figures 9.3. 6.1, 9.3. 10.1and 9.3. 10.IlI) . These conditions are
not a part of the ERP rules but could be a state public funding requirement, which

changes often and is more a part of the price negotiation procedure than a legal official
requirement. For this reason and for the reason of their interfering effect with the ERP
regulation, they have been included in the present simulation analysis which is focused

on ERP induced effects , interfering  with main contextual regulation an d parallel trade

activitie s, all affecting market price competition and pricing tactics of the drug suppliers.

Another important observation that is constant among all scenarios presented here, is

that any change in  the ERP tool box and or change in the local prescribing regulation,
including change in parallel trade activity status, leads to changes in price evolution
dynamics in the rest of ERP countries in EU (Figure 9.3. 4.1, Figure 9.3.5.1, Figure

9.3.9.1,9.3. 9.1,9.3. 9.1l) . This makes ERP policy crafting very complex and difficult with
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respect to achieving health care objectives of equitable access, availability and
affordability in the long run, and the ERP effects in one country volatile and directly
depende nt on ERP and contextual regulation changes in any of the ERP reference basket
countries, while indirectly dependent on the rest of the countries using ERP. A
counterintuitive outcome also is present, related to the belief that drug prices should
converge over time across EU local markets. It can be observed on any of the Figures
exhibiting the comparative price evolution in the selected six countries that even prices
of the same drug could remain different in different countries (for example, look at the
price evolution of drugC in Austria and in Slovakia, maintaining the highest price at the
end of the simulated period in the first, and the lowest price in the latter country market,
Figure 9. 2.1.4,9.2.1.5and 9.2.1.6 )

Main general insights, coming ou t of the scenario simulation results:

o ERP alone has no effect on drug access delay , instead it provides an attractive
route for propagation of the highest price of the first country of launch to other

referencing countries.

o Ot her factors |ike mandatory official price disco
reimbursement list or a requirement for a drug to be included in a predefined
number of reference countries reimbursement list , can have effects on delays in

local markets, which could interfere with the ERP rules ;
o ERP alone has no price decrease (affordability) effect for on patent drugs or any
drug in a monopolistic market (if there are no other price decrease mechanisms,
like drug price competition or mandatory price discounts) ;
o Price decrease is an effect mainly from local price competition intensity, which
ERP regulation only transfers to other reference basket countries, which can lead
to a faster price decrease reinforcing feedback effects in some of the countries,
depending on reference price calculation (minimum or average) and reference
country basket composition variation ;
o ERP has effect on drug market exits (level of availability) for off patent and
generic medicines, depending on individual pharmaceuticalfirm s & profit margin
thresholds and on the indirect effect of price competition, local prescribing
regulation and parallel trade in reference basket countries ;
o Due to the fact that ERP regulation parameters, contextual prescribing regulation
and competition differ for each country, effects on drug access, affordability and
availability level could be higher, moderate or lower in different local markets and
finding optimal combination of ERP parameters for a country needs to follow a
carefully configured parameter variation or optimization (to perform an

optimization search of all possible variations for one country re ference basket only
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of 10 countries out of total number of 30 countries, N = 30, K =10, approximately
30 m illion combinations should be tested by simulation, without including

combinations with other variables) ;

9.4.1 Main recommendations

Main recommendations are made here in connection and comparison with previous key
recommendations in published recent research, regarding the ERP effect on the
pharmaceutical market systems (Table 9.4.1). Main insights coming from the hybrid ERP
simulation analysis regarding key criteria of ensuring drug access, affordability and

availability are presented in Table 9.4.2.
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Table 9.4.1
Publication

WHO guideline on
country

pharmaceutical

pricing
policies. (2015) . W
orld Health

Organization

Main ERP Policy Recommendations

Insights from relevant
publications on ERP effects on
the market

Countries should consider using
ERP as a method for

negotia ting or benchmarking

the price of a medicine.

Countries should consider using
ERP as part of an overall
strategy, in combination with
other methods, for setting the

price of a medicine.

Countries/payers should select
comparator countries to use for
ERP based on economic status,
pharmaceutical pricing systems
in place, published actual
versus negotiated or concealed
prices, exact comparator
products supplied, and similar

burden of disease

Limitati ons in published research
on ERP

Claims have been made that ERP
has been effective in reducing the

prices of medicines.

However, the policy review found
no supporting evidence from
monitoring reports or rigorous

analytical studies.

The underlying assumption
justifying the use of ERP i s that
prices in reference countries are
somehow right, appropriate, or fair
and thus by definition the ERP
derived local price structure will
also be appropriate. This assertion
is clearly very difficult to assess

without objective criteria.

Hybrid ERP simulation insights in

comparison to previous research

ERP is a tool to transfer public
prices among reference
countries, which remain higher
than actual market prices and
provide a mechanism for
companies to propagate their
highest possible prices
legitimately among reference
countries (Figures 9.3. 6.3 and

9.3.9).

For the above reason,
companies do not have incentive
to delay their launches , buton
the opposite. If delays occur,
they are connected to countries
with official discount
requirements for public

financing which can interfere
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Il. Vogler, S.,
Lepuschitz, L., et
al., 2015. Study on
enhanced cross -
country

coordinatio ninthe
area of
pharmaceutical
product pricing -

Final Report

In designing EPR, policy -
makers should carefully decide
on the methodology in line
with the underlying policy
objectives and principles since
methodological

specifications can have a major
imp act on the effectiveness of
EPR, in particular with regard
to the potential of savings to be

generated.

EPR was the only price
determining criterion, ignoring
other aspects such as negotiation,
thus the model did not incorporate
all aspects affecting medicine
prices;

No volumes or demand elasticity
information and thus can only
provide judgements on price

developments, but no concl  usions

with the ERP among reference
countries (Figures 9.3.4.a,
9.3. 10.1and 9.3. 10.1I).
Market exits can occuri  fadrug
price reaches a predefined
threshold in connection to
avoidance of ERP spillover

effects or target profit margin
erosion (Figures 9.3.  7,9.3. 9,
9.3. 10).

The limitations of  the static
simulation are overcome by the
hybrid ERP simulation, because
it includes pharmaceutical
companies pricing and
competitive behaviour and how
it interferes with the ERP effect
(Chapter 8 and Chapter 9). Also,
sales volumes and demand are
include d in the hybrid ERP

simulation which have effect on
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In this context, policy  -makers
are advised to ensure the
performance of price

monitoring at regular intervals,
with subsequent  price

revisions

Policy - makers should consider
referencing to  discounted
prices instead of list prices.
Since the disclosure of
confidential prices is highly
politically sensitive and

might not be feasible in the
short -term, Member States
might consider in a first step to
reference to officially published
discounted prices (statutory
discounts), and

to elaborate strategies,
togethe r with other countries,
about a possible consideration

of confidential discounts

on changes in turnover or overall
savings of different stakeholders
The model is static in nature, i.e.
considers the development of
prices under certain defined
country attributes and policy rules.
Dynamic effects, such as
companies reactingtolo  wer or
higher profits, or countries
adapting their rules based on
overall spending, are not
incorporated. This is relevant
since, as is discussed in this
report, pharmaceutical industry
may respond strategically to EPR
schemes.

These limitations mean that model
results need to be interpreted
carefully. The model aims at
illustrating the workings of current
EPR systems and the impacts of
different methodological changes;
it was, however not designed to

perfectly predict medicine prices.

compani esd mar ket
competitive tactics. All above
extended capabilities provided

for more credible simulation

results.

The ERP can be exploited to the
benefit of companies rather than
to the be nefit of budget payers
and price authorities (see
simulation scenarios

experiments in Chapter 9).

In the above respect timing of
price revisions can have effect
on the quicker or slower price
reductions and price
convergence. Also, ERP price
calculation formula and
reference countries baskets
differences can have effects on
price reduction evolution (Figure
9.3.10).
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[ll. Toumi, M. et
al., 2014. External
reference pricing of

medicinal

productsfl:

simulation - based
considerations for
cross - country
coordination Final

Report

Policy - makers should carefully
consider the selection of the
reference countries

from similar economic status in

relation to savings and access

ERP considered as an isolate
pricing rule can lead to lower
drug price erosions, than what
could be observed suggesting
that other pricing policies,
potentially amplified by ERP,
are involved in driving prices
down.

Timing for price  revision,

reference price calculation

Did not take into account of
important market and regulatory
contextual factors and cannot
produce credible results and
analysis:

o No parallel trade interfering

effect

o Nodrugco mpani esd

in response to the ERP

1

If real market prices including
discounts are taken into account
in the ERP tool, this could lead
to drugs unavailability and drug
exits (Figures 9.3.  10.1,
9.3.10.11,9.3. 10.11I).

ERP is a tool which effects in
practice can be either exploited

or avoided by companies.

A hybrid SD and AB M approach
can support simulation
experimentations including not
only pharmaceutical companies
pricing, marketing, launch and
exit tactics, but also parallel
traders, showing that their

effect further increase price and
market share competition

(Figures 9. 3.1.1t09. 3.1.4;
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method, reference countries
basket, reference price source
and generic competiti  on are
main components of the ERP
rules having effect on price

decrease.

No price or marketing
budget competition among
companies

No prescribing and buying
behaviour

No other local pricing and
prescribing or dispensing
regulation interfering effect
with ERP

9.3.21and9. 3.2.2;9.3. 3.1and
9.3.3.2;)

Also, such approach can support
simulated experiments with local
contextual regulation, like INN
(MOLECULE NAME) or brand
prescribing and buying

behaviour, and showed that the
INN pr escribing intensifies price
competition while brand
prescribing keeps prices on a
higher level for longer time
(Figures 9.3. 10.1,9.3. 10.ll,
9.3. 10.111).

Since ERP is a price
benchmarking tool, it can only
transfer official registered public
prices among referencing
countries (see simulation
scenario experiments in chapter

9).
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IV. Fontrier, A.,
Gill, J. & Kanavos,
P. International
impact of external
reference pricing:
should national
policy -makers
care?. Eur J Health
Econ 20, 11477
1164 (2019)

ERP appears to be associated
with international implications,
including spillover effects, price
instability, price convergence

and launch delays;

ERP effects cannot be solely
attributed to or caused by ERP
and there are other factors at
play, like market size and
income levels, and other
supply -side regulations; all
these can either amplify or

reduce ERP impact.

ERP cross - country implications
are well known to decision
makers, and need to be
considered in the design of ERP

rules

Given that the evidence we found
in the currently available literature
was mostly weak in terms of
quality and derived mainly from
grey literature, the above
observations should be interpreted
with caution. Importantly, there
seems to be a dual unmet need:
the first, relates to what
constitutes an optimal ERP system
design, so that its impact across
countries would be at least
neutral; and, the second, relates
to the robust quantification of its
impact at international

level, including practices countries
have used to address spillover

effects

Hybrid simulation scenario
experimentation showed that

the resource agent approach can
help decision makers in their
optimal search for a sustainable
ERP and can help for the proper
evaluation of the ERP

international effects.

It also proves the hypothes is
that spillover effects, price
instability and price convergence
or divergence, and launch
delays, cannot be connected
only to the ERP , but to the
interfering effects with local
contextual factors like
competition and other related
regulations that are  having
influence on the supply and
demand of medicines (see all
scenario simulations in chapter

9).
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Holtorf, A. P.,
Gialama, F.,

Wijaya, K. E., &
Kalo,

Z. (2019). External
Reference Pricing
for

Pharmaceuticals o A
Survey and
Literature Review

to Describe B est
Practices for
Countries With
Expanding
Healthcare
Coverage. Valuein
Health Regional
Issues, 19, 122 -
131

Directly related to ERP Scope:
Reimbursement of single -
source products (on -patent
pharmaceuticals); Composition
of country basket: Select 5 -7
cou ntries with similar
socioeconomic and HC
environment; Price calculation:
Calculate the average or
median price

of the same product;
Frequency of price revisions:
Not more than yearly or
biannual and allow reasonable
time for implementation; ERP
should be p artofa
comprehensive

pharmaceutical policy

The paper recommendations
reflect pharmaceutical industry

pricing experts experience

The research is supported through

a pharmaceutical firm grant

ERP has no price reduction
effect on patented or other
drugs in a monopolistic market
(Figures 9.3. 10.1,9 .3.10.II,
9.3. 10..1II).

ERP can have price reduction
effect if it refers to market
competitive prices, but due to

the above, it can lead to
unavailability effects following
drug market exits or refraining

of local launch  (Figure 9.3. 9.1,
9.3.9.11,9.3. 9.) .

Composition of reference
countries basket (Figure
9.3. 5.1), price calculation
formula and timing of price
revision (Figure 9.3. 9.1, 9.3. 9.1,
9.3. 9.1ll) can have effects on

the level of prices, time of

access and unavailability of

medicines.
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Maini & Pammoli
2020

Geng & Saggi 2017

Geng & Saggi 2020

External reference pricing

(ERP), generates an incentive

for firms to withhold products
from low -income countries. ERP
increases entry delays in eight
low -income European countries

by up to one year per drug

Inatwo -country (home and
foreign) model, home's
unilaterally optimal ERP policy
permits the home firm to
engage in a threshold level of
international price
discrimination above which it is
(just) willing to export.

In atwo -country (home and
foreign) model, the home
producer of a branded
pharmaceutical product faces
generic competition in each
market. Home's nationally
optimal ERP policy lowers

domestic price while

The paper undertakes a historical
approach on pharmaceutical frm s
behavioural effect of the ERP
regulation , but does not include
scenario analysis nor interfering
effects of contextual regulation
(prescribing or reimburs  ing) and
parallel trade.

The paper limits its ~ analysis to one
on patent drug manufacturer

decision behaviour and  two
countries, not taking into account
larger number of countries ,
competition and contextual

regulation, nor parallel trade

interfering effects.

The paper limits its analysis to one

on patent drug manufacturer
behaviour and two countries, not
taking into account larger n umber
of countries, including only one
rival generic pharmaceutical firm

but not evaluating contextual

This analysis confirms the hybrid
SD&AB scenario exploration in
relation to drug access (delays
in countries with lower GDP

index )

The results confirm the hybrid
SD & AB scenario si  mulation
experiments on  drug
unavailability due to min.

6t hreshol do

The results confirm the hybrid
SD & AB scenario experiments
in relation to t
effect of high prices from first
country of launch to the rest of

the country markets.

price

h ¢
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maintaining the firm's export regulation, nor parallel trade
incentive. This ERP po licy interfering effects.

results in a negative

international price spillover that

the foreign country can (partly)

offset via a local price control
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Table 9.4.2 on hybrid ERP simulation insights and recommendations for decision

makers
Criteria

Ensuring
equitable

access

Ensuring
price

affordability

Recommendations

ERP application should not interfere
with local official discount or other
price reduction tools, otherwise it
could incentivize companies to
refrain or delay launch in given local
markets

(Figures 9.3. 6.1,9.3. 10.land
9.3. 10.11)

Countries baskets shou Id better
include a broad number and variety
of markets, to avoid drug entry
delay (Figures 9.3. 6.2)

ERP should be used as a price
negotiation and price setting
supporting tool for achieving prices
affordable to the local payers, and
further for price benchmarking

revisions and price renegotiation

ERP tool box (drug price calculation
formula, time per iod revision,
reference basket countries,
prescribing on "brand" or on
"molecule™) should be configured to
the local payor objectives (Figures
9.3. 10)

Application of ERP to on patent
drugs or off patent drugs on a
monopolistic market, without using

other pricing tools and local

General notes connected to all three
criteria and provided
recommendations

ERP could be more effective if
applied as a regular supporting tool
for price negotiation and price
setting, rather than just a price
setting tool. This w ill enhance the
bargaining power of public payers to
achieve affordable prices relative to
countries budget without hindering
equitable access and product

availability in local markets

Reference basket countries should
be tailored to the ERP applying
country market, for example,
markets having lower level of
competition should refer to more
competitive markets within the EU,
in order to take benefit of the more
matured markets and to offset its
weak bargaining position (Figure
9.5.1)

In relation to pr  ice calculation
formula, countries with less
competition should refer to
minimum prices, while countries
with more matured competitive
markets could refer to average
prices (Figure 9.3. 10 regarding
differences between ERP on "min"

and ERP on "avg")
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Ensuring
medicines

availability

discounts for reimbursement, could

be misleading because price
benchmarking can be used for high
price propagation (Figures 9.3. 6.4
and 9.3. 10.)

ERP should take into account local
price competition and real market
prices for the p urpose of effective
price negotiation and renegotiation

for public payers (Figures 9.3. 10.1,
9.3.10.11,9.3. 10.1)

ERP application should take account
of market exit tactics due to price
decrease spillover effect but only for
single market molecules (Figures

9.3.7,9.3. 9,9.3. 10)

In a competitive market there are
other competitors supplying the
same molecule which can ensure a
given medicine availability even if
one of the competitors makes
decision to exit a local ma  rket
(Figures 9.3. 9 drugCand 9.3. 10
drug C)

Regar ding timing of price revisions,
countries with less competition

should review prices in shorter time
periods than countries with intensive
competition (Figures in section 9. 3

on EU wide simulation experiments)

ERP application should take account
of paral lel trade effects and effects
of local pricing, prescribing,
dispensing and reimbursement
regulation, which alone or in
combination can have indirect
amplifying or reducing influence on
the ERP effects on drug access, price
affordability and availability

(Figures 9.2 and 9.3.
prescribing on "brand" or on

7,9.3. 8 and 9.3. 9)

10 regarding

"molecule”, 9.3.

Local pricing authorities should
consider using simulation tools in
order to enhance their capabilities
for ERP tool box scenario exploration
in combination  with local contextual
market factors and medicines
regulation and to improve their
decision making in relation to their
objectives and key criteria for
equitable access, affordability and
availability ( Figure 8.6.5.4,9. 2.1
and 9.3. 6 on user dashboard

versions for scenario simulation

experimentation and analysis)
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The above simulation analysis and policy recommendations regarding the ERP regulation
evaluation, are related tightly to the "Council conclusions on strengthening the balance in
the pharmaceutical systems in the EU and its Member States" (Council of the Eu ropean

Union 2016) and provide new knowledge on the ERP effect on equitable drug market

access, drug affordability and drug availability. The ERP simulation took account of
companies pricing and marketing strategies in response to the local ERP and the out come
showed the ERP is not an effective tool in reducing market prices. ERP functions more in

favour of pharmaceutical companies than of pricing authorities and it must be used for
initial benchmarking of the ceiling price of a medicine, after which price negotiation can
follow according to local country objectives and requirements. ERP is deceptively
perceived to be an effective price containment tool, but instead it propagates inflated

public prices among referencing countries while real market prices rem ain unaffected.
When ERRP is interfering with other price reduction mechanisms like market competition

or price discounts, it can propagate both upward or downward changes in public prices.

In the above respect, ERP would either remain ignorant for the real price competition or

could propagate its effects to a point when high prices persist among ERP countries, or

drug exits occur.  In best it can be applied like an initial price reference neg otiation tool
followed with price negotiation aiming at reaching a lower unofficial price for

reimbursement than the min official public price in the reference countries basket. This
policy evaluation showed that the ERP regulation can affect the price aff ordability of
medicinal products in both upper and lower directions, and can have indirect effects on

both innovative and generic drugs unavailability and launch delays. Also, the simulation

analysis demonstrated that pharmaceutical companies can respond s trategically to
exploit or avoid this regulation. This presented clear evidence that the ERP regulation can
provide "possible unintended or adverse consequences of incentives" which could

undermine the sustainability of national healthcare systems.

The ERP hybrid simulation analysis presented here can further be improved by

broadening its scope including more contextual regulation like , Internal Reference Pricing
in reimbursement groups made by drug molecule or by therapeutic groups , levels of
public reimb ursement , time delays due to market authorization and price registration
procedures and other. Furthermore, the ERP hybrid simulation is capable of configuring
parameter variation experiments for the evaluation of outcome sensitivities to a chosen

group of input parameters, and of constrained optimization which can help to find optimal
configuration  of system variables for the minimization of the ERP counter effect on

equitable access and availability, and maximization of its effect on affordability of

medicinal products
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Chapter 10 Contribution of PhD research and future
research implications

10. 1 Contribution of PhD research and future research implications

Parts of Chapter 10 include text from the above published journal paper , coauthored  with
professor Susan Howick and professor Alec Morton (Kazakov et al., 2021) , specifically

from section 11  of the paper.

My PhD project purpose was to evaluate ERP regulation in EU from the perspective of

main healthcare objectives of providing equitable access, availability and affordability of

drugs on local EU country markets. This purpose informed the m ain research question of
my PhD project: What is the effect of the ERP regulation on equitable access, availability

and affordability of drugs in EU.

To explore and provide answers to my PhD research question, | have developed first an
integrated RAM fram  ework as a novel PSM to aid resource/agent complex system
analysis. This has been possible through the support of resource/agent related theories
such as Resource based Theory, Resource Dependence Theory, Behavioural Decision
Theory and Anticipatory System s Theory, which provide rich perspectives on the
comprehensive management of complex adaptive systems, sustaining a theoretical
framework supportive of resources and agents interdisciplinary conceptualisation and

practical integration.

The development of  the enhanced RM and the novel AMs and their hybridisation in a RAM

were motivated in three ways:

(i) researchers identifying the needs of future PSMs, to take account of
interdisciplinary perspectives, borrowing theory and developing procedures for
integrati ng different modelling methods (Ackermann et al. 2014).
(i) the application of agent based, and resource -feedback approaches have
traditionally been carried out from the individual perspectives of resource
structure or agent behaviour. These are opposing macr o/micro, and
resource/agent perspectives. The lack of a joint conceptual/qualitative hybrid
model building procedure led to calls for hybridisation of both of these
perspectives (Guerrero et al. 2016; Scholl 2001; Schieritz 2002).
(ia need to maimptreihmnas ifvceo perspectiveo (Rosenhead

adaptive systems (combining both resources and agents views)
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In accordance with the key challenges of borrowing and developing theory and

developing a conceptual framework and procedure for combining di fferent methods

(Ackermann et al. 2014; Howick & Ackermann 2011), key contribution of my PhD is to

combine resource related theories with agent behavioural related theories, and to

devel op a novel RAM problem structuring aghgnsiveach whi

perspectived (Rosenhead 2006) to complex adaptive sys

The PhD thesis demonstrates also how RM method can be enhanced through adding an
external resource perspective, thus taking account of external resource dependence,

through the Resource  Dependence Theory. The newly developed AMs (AiM and AbM

techniqgues) provide a means for capturing agents 60co
Macal & North 2015) and fill a gap in AB modelling practice, related to a lack of a

conceptual modelling approac  h, through bringing in Behavioural Decision Theory and

Anticipatory Systems Theory. Furthermore, this can aid conceptualization and validation

(Heath et al. 2009; Kl ¢gl 2008; Kasaie & Kelton 2015)

cognitive structure in the form of an Aif/thenod condition action me

actions and the conditions they depend on.

Combining AM and enhanced RM into a hybrid RAM method can provide a comprehensive

resource agent perspective to complex adaptive system research by ca pturing agentso
behaviour related to system resources, and their interrelations. Application of the RAM

framework can also provide insight into the key At urn
to the effect of the agents6é adavpframewak withetnhtheav i our . Pl ac
different resource and agent theories can ensure its theoretical and methodological

consistency. From a mixing methods perspective, the RAM approach also provides a

theoretically sound and structurally robust methodological procedure for mixing SD and

AB modelling and simulation.

In addition to designing a novel problem structuring method, RAM can also be used as a

hybrid qualitative conceptual modelling procedure for resource and agent interactive

systems such as pharmaceuticals and health care. Conceptual modelling is acknowledged
to be a key tool for model validation and confidence building in health care and aims to

help the structural modelling and validation (Roberts et al. 2012) procedure. Validation

and confidence building foc  uses on the correspondence between the real world
phenomenon under examination and a simulation model (Marshall, Burgos -liz, et al.
2015) in an iterative, transparent and visualised process. (Law, 2009) This aims to

ensure qualitative and quantitative (Edd y et al. 2012) consistency between the real world
and a simulation. A hybrid RAM can strengthen the integration process between the

resource and agent modelling approaches, and confidence building among modellers and
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users (Howick et al. 2008; Macal 2010), by applying it as a joint conceptual modelling
procedure. This ensures that the qualitative modelling stage is theoretically and

methodologically consistent with a quantitative simulation modelling phase.

The RAM application to the ERP regulation evaluat ion provided a means for rich scenario
identification, and for a consistent and robust procedure for hybrid scenario simulation
exploration in relation to the PhD research question. Further in the second stage, it has

been used for the design and building of a hybrid SD and AB scenario simulation model
and into a public policy scenario simulator for scenario testing and experimentation

(including parameter variation), capable to support comprehensive ERP policy evaluation
and decision making. This scenario simulation building stage was implemented into a
Anylogic software environment, but the RAM procedure for hybridisation of SD and AB
perspectives can be used for and can support implementation in any other software,
providing such technical capabilities (1 ike for example, Repast Symphony, Olafsdottir, et
al (2019)).

The ERP qualitative and quantitative analysis demonstrates that applying a RAM

approach can enable a comprehensive evaluation (taking account of both resource -
feedback and agent -based perspectives) of the ERP effect on drug equitable access,
affordability and availability. It can also produce a rich picture of the market dynamics,

and can provide problem structuring insights, including scenario generation and

identification of possible system improvement interventions. In addition, the analysis
extends previous research on the ERP, helping to overcome previous limitations (Toumi

et al., 2014, Vogler et al. 2015). Scenario identification and experimentation can

therefore support policy ma  king to improve the ERP regulation by introducing changes
aimed at offsetting the effect of the regulation on drug access delay, unaffordability and

unavailability in EU local markets

My PhD main contribution is connected to both methodological and practi cal aspects of

developing a novel problem structuring method (RAM) and using that method as a
conceptual validation and hybridization procedure for designing a hybrid simulation for
the evaluation of a practical healthcare policy questions regarding the ER P regulation

effects on the pharmaceutical market system in EU.

The methodological and theoretical contribution emerged from the necessity of the
development of a suitable problem structuring and qualitative modelling theoretical
framework and method, nee ded for the practical exploration and analysis of the ERP
regulation in EU in relation to its effects on the key criteria of drug equitable access,
availability and affordability on local markets. In addition, the RAM was used as a

procedure for integratin g SD and ABM methods for hybrid quantitative modelling and
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simulation analysis of the ERP effects. Theoretical and methodological contribution came
out of bringing together a number of resource and agent related theories in a novel

framework for the suppor  t of the RAM method development and application.

The practical contribution to health care and drug policy evaluation is connected to the
gualitative analysis of the ERP market effects using the RAM framework, to the
guantitative analysis of the ERP regulation using a hybrid System Dynamics and Agent
based simulation and to the development of an ERP policy scenario simulator for drug
pricing policy evaluation and decision making improvement, for use by policy decision

makers.

The practical benefits further provide rich evidence on the ERP regulation effects which
overcome the limitations of the previous DE simulation and extend ed the analysis of the
regulation with a hybrid simulation approach , In support to public policy decision makers .
The RAM qualitative and quantitative approach proved capable ofin cluding in the ERP
evaluation analysis the market agents behaviours (drug manufacturers , parallel traders ,
pricing authorities and buyers ) and contextual regulation  factors (prescribing and
reimbursement regulation) , including resource flows of supplied and consumed  drugs in

terms of volume and value |, as outlinedin Tables 9.4.1, 9.4.2 in section 9.4

Designing and using a comprehensive simulation treatment of the ERP  effects from a
resource agent perspective , provided means fora better aligned and correct
representation of the real ERP system endogenous components and interrelations , which
supported the comprehensive exploration of the main research guestions , related to the

ERP effects onthe access, affordability and  availability of medicinal products .

10.2 Limitations and Future Research

The resource agent mapping approach proposed here represents a more complex method

than applying methods that only take a resource or agent perspective. It will therefore

require more time and expert capabilities to safeguard against errors. However, due t (o]

its comprehensive appreciation of a complex adaptive system, involving both resource

and agentsé interconnections, the hybrid mapping appr
limitations of applying only one method, which may neglect important interconnections

between system elements. In relation to the above, the more complex theoretical

framework applied, although providing richer analytical apparatus, would require prior

knowledge of the main theoretical principles that are guiding the RAM methodological
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applic ation. This could be a barrier to the proper application of the approach, and thus

may require user guidelines to be designed.

Another limitation can be related to the theoretical framework guiding the construction of

RAM. For example, other resou  rce and agent decision making theories can provide

further valuable aspects, which could need to be taken into account in the RAM design

and use. The RAM theoretical framework , being a novel one, has had limited application,
which provides not enough pract ical evidence for its effectiveness evaluation. Another
issue which need to be taken into account is related to the  specific theoretical
(interdisciplinary ) knowledge requirements needed for its proper support inthe

application of the RAM method. For these reasons , difficulties could be associated with its
understanding and application both from the perspective of the simulation modelling
experts , and from that of the stakeholders that will be the users ofthe RAM framework

insights and analysis .

The RAM method can be further applied in other fields of research, like in sustainable
development, agri-food value chains , behavioural and ethics perspectives and other, in
order to expand its application and test its usefulness in different domains and settings.
This method can be applied also as a participatory modelling framework and to facilitate

group model building either in person or in online workshops. Also, relevant aspects of

resource and agent related th eories can be explored with the purpose to bring higher

credibility and consistency with the method purpose and goals.

There are also limitations connected with the simulation analysis of the research
guestion, for example, constrained bound aries and scope related to input data and
system parameters, limited interactions between resources and agents, limited selection

of simulation experiments and output performance variables, constrained user dashboard

features .

Future research can be done to overcome the above limitations and to expand the ERP

public policy simulator boundaries , inorder to include other relevant global and local

contextual factors, influencing resourcesorand agent s¢
agentsd strategic and tactical b ehaanaceuwicalr a | routines i

companies and drug regulation authorities.

Such global and local contextual factors can include EU wide and local market regulation
applicable to drug pricing and reim bursement, drug prescribing and drug dispensing,
differences between on and off patent drugs regulation, other regulations connected to

pharmaceutical companies pricing and marketing activities and information provided to
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doctors, pharmacists and patients and other topics like drugs overprescribing, drugs
public budget management and planning, and other. Also, future research can include
application of the RAM qualitative and quantitative methodological framework to other
important public policy domains in healthcare, food systems, energy and climate,

financial regulation and sustainable economic development , and other .
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Appendix A

Table 1.4.1 Appendix A Relevance of Council Conclusions on Strengthening the
Balance in the Pharmaceutical Systems in EU to the ERP regulation evaluation
Council Conclusions on Strengthening the Relevance to External Reference Pricing

Balance in the Pharmaceutical Systems in (ERP) exploration and evaluation

the EU and its Member States

"possible unintended or adverse Examine if ERP practice could lead to
consequences of incentives and the lack of unintended drug entry delay, high pricing and
leverage of individual Member States in exit of product out of a country market; and to
negotiations with industry"; lack of leverage for local government to

negotiate lower product price due to circular EU

country wide price referencing

"affordability of medicinal products Examine if ERP could counterintuitively lead to
re lated to high prices"; higher pricing contrary to the intention for

downward price convergence in EU

"examples of market failure in a number Examine if ERP could lead to market failure in
of Member States, where patients access any given EU country (explained in the quote on
to effective and affordable essential the left)

medicines is endangered by very high and
unsustainable price levels, market
withdrawal of products that are out -of -
patent, or when new products are not
introduced to national markets for

business economic strategies and that
individual governments have sometimes

lim ited influence in such circumstances”;

"functioning of the pharmaceutical system If the ERP control outcome could be related to
in the EU and its Member States depends the EU wide concern that the pharmaceutical
on a delicate balance anda  complex set of system in EU might be imbalanced regarding
interactions between marketing (explained in the quote on the left)
authorisation and measures to promote

innovation, the pharmaceutical market,

and national approaches on pricing,

reimbursement and assessment of
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medicinal products and that several
Member States expressed conce  rns that

this system may be imbalanced";

"sustainability of national healthcare
systems, which may be linked to a number
of potential factors, for example the
affordability of medicinal products related
to high prices, possible unintended or

adverse consequences of incentives";

"analysis of the impact of the incentives in
these EU legislative instruments, as
implemented, on innovation, as well as on
the availability, inter alia supply shortages
and deferred or missed market launches,
and accessibility of medi  cinal products,
including high priced essential medicinal
products for conditions that pose a high
burden for patients and health systems as
well as availability of generic medicinal

products";

"Where relevant, the analysis of impacts
should also address - inter alia - the
development of medicinal products and
the effects of the pricing strategies of

industry in relation to these incentives;"

If ERP could have effect on the sustainability of

national healthcare systems

If ERP could have effect on availability and
accessibility of innovative and generic products,
including high priced essential medicinal

products

If ERP could have effect on the development of
medicinal products and on the pricing strategies

of industry
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Appendix B

Table 2.2.1
Regulation

Appendix A Literature Review on Pharmaceutical Pricing Policy and

Publication

Pharmaceutical Pricing Policy
and Regulation

SD

AB

Other

Kazakov and Petrova
(2015)

Evaluation and impact
assessment of what-if policy
decisions related to level of
product price co-payment and
reimbursement of ACE inhibitor
on health outcome and public
pharmaceutical expenditure

Z

Li et al., (2014)

Analyzing unreasonably high
prices of drugs and the high level
of pharmaceutical fees relative to
the medical costs of patients

Z

Zhu et al. (2006)

High medicine price, price fixing
due to doctor induced demand

Z

Homer et al. (2004)

Chronic care program
expenditure evaluation
(pharmaceutical component)

Z

Atella, V. (2000)

Minimum reference price policy
long-run effect evaluation on
drug expenditure containment,
drug demand

Econometric
modelling

Weinstein et al. (2001)

Analytical framework for
evaluating the role of modelling
for DM in health and efficient
drug utilization

Analytical

Kunc and Kazakov
(2013)

Predictive evaluation of
pharmaceutical policy component
mix (time to market of new
generic medicine, product co-
payment level, incentivizing
generic prescription) and
pharmaceutical public
expenditure

Z

Li et al. (2016)

Chronic health clinical and policy
relevant analytical review and
recommendation for future work
in CVD to include modelling the
effect of drug therapy

Z
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Greer, A. (2015) Drug (vaccine) timely availability N
Diaz et al. (2015) Evaluation of efficient policy N
planning of resources and
capacity for Asthma treatment
(drug expenditure)
Abu Khousa et al. Supply chain management in N
(2014) health, drug availability and
optimal allocation
Guertin et al. (2011) Angiotensin-receptor blockers Monte Carlo
restricted access economic impact
evaluation, drug price
Tian et al. (2016) HT control and treatment N
intervention for stroke prevention
planning
Lich et al. (2014) Stroke prevention through N
hypertension and anticoagulation
treatment in Veterans with prior
cardiovascular disease and
diabetics
Pombo_Romero et al. New drug introduction and N
(2012) planning of pharmaceutical
expenditure
Keshtkaran et al. Prevention, treatment, and N N MCDM and DE
(2015) rehabilitation of stroke (Review)
Tang et al. (2014) Coronary heart disease (CHD): N

underuse of low cost, high benefit
therapies (e.g. beta blockers and
statins) and overuse of high cost,
low benefit therapies (e.qg.
elective percutaneous coronary
interventions);

Health and economic effect of
changing financial incentivizing
(out-of-pocket expenditure)

Vila -Parrish et al.
(2008)

Inventory and ordering policy for
perishable drugs in the setting of
an inpatient hospital pharmacy;
patient demand; drug
unavailability; shortage cost,
outdating cost (expirations) and
holding cost

Markov chain / MDP

Pasdirtz (2009)

Drug promotion control and
pharmaceutical pricing
intervention, market failure

State space models
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(regulation)

Koppenhaver (2009) Drug allocation, level of drug Mathematical
shortages, WHO policy simulation
performance gap

Vernon et al. (2005) Pharmaceutical pricing, planning Mathematical
for price regulation modelling

Toumi et al. (2014) External reference pricing policy DE

Dormuth et al. (2005)

Drug policy initiative financial
impact evaluation, out-of-pocket
and budget expenditure, patient
number, drug policy tool for
decision makers

Policy simulator
(SAS)

Vincenzo (2000)

Minimal reference price
evaluation, effect on drug
demand and drug expenditure
containment

Econometric model

Yu and Zhao (0214)

Evaluating the impact of drug
regulation implementation (ACA)
on individuals, health-care
providers and pharmaceutical
firms; original and generic drug
price competition; out -of-pocket
payment reduction and increase
insurance coverage; drug
demand and price

structural model

Leung et al. (2016)

Pharmaceutical product
availability, demand and
inventory management of
essential drugs

DE

Bae et al. (2008)

Co-payment change effect on
health outcome and drug
expenditure

Markov, state-
transition modelling

Spillane et al. (2015)

Evaluation of the effect of the
introduction of reference pricing
and INN competition,
pharmaceutical policy and
regulation, generic penetration

Econometric
modelling

Literature review : published paper results

B
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Appendix C

Qualitative modelling

Questions  to experts, regarding ERP Resources and Agents Maps and regarding ERP

simulation outcomes

Note: Before conducting this interview (first and second stage) with the experts, all
presented maps (Resource map, Agent interaction map, Agent behaviour map and
Resource Agent map) are explained thoroughly, including all relevant assumptions, and

input and out put variables connected to the scenario simulator.

Stage |

1. What is your view on the following ERP Resource Map?
a. Would you believe that the ERP Resource Map contains key pharmaceutical
market Resources, their interrelations and influencing factors?
b. If you believe that any key resources, interrelationships, and or influencing

factors are missing, what changes would you suggest?

2. What is your view on the following ERP Agent Interaction Map?
a. Would you believe that the ERP Agent Interaction Map ¢ ontains key market
Agents, their interrelations and influencing factors?
b. If you believe that any key market agents, interrelationships, and or

influencing factors are missing, what changes would you suggest?

3. What is your view on the following ERP Agent Behaviour Map?

a. Would you believe that the ERP Agent Behaviour Map contains the main

268



activity routine of the market Agents, including their condition to action
pattern?
b. If you believe that any elements in the main activity routine of the market

agents are missing, what changes would you suggest?

4. What is your opinion about the following hybrid ERP Resource Agent Map?
a. Would you believe that the ERP Resource Agent Map contains key market
Resources and Agents, their inter relations and influencing factors?
b. If you believe that any key market resources and agents, their
interrelations and or influencing factors are missing, what changes would

you suggest?

Stage Il
1. According to your expert knowledge, what are your expec tations about the
effects of the following ERP scenario experiments on drug access delays, drug
prices evolution and drugs withdrawals:
a. ERP rules parameter variations experiments, including changing price
calculation formula (minimum or average price), price revision period
(once in 1 or 2 years), reference countries baskets?
b. ERP with or without Parallel trade?
c. ERP with or without drug competition (on patent single drug v off patent
market with two or three drug rivals)?

d. ERP with contextual regu lation effects (prescribing on drug's brand or on

269



drug's molecule, mandatory price discounts for drug reimbursement)?

e. ERP vs no ERP scenarios?

2. Would you believe that the ERP scenario simulator can show performance close to

your expectations in relation to the above scenario experiments?

4. If you would not, please explain why you think so?
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Appendix D

Resource Agent Mapping (RAM pre publishing version )

2 InitPublicPrice
ExtReferPrice *\R_l_,)
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{3 DrugCompetitionEffect

_‘ DrugAllocation
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SupplyRate
PRy + BuyingRate

RateParallelExport

D ParallelExport BuyingDrug

O Anent decison ackion

influencing poink

Agent behaviour rule
influendng direction

Figure 7.3.2.a  (Appendix VII)  Hybrid RAM example ofa  previous version, exhibiting the

map area related to two main agentsé condition/ act

government
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Appendix  E on simulation validation
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Figure 8.6.5.2  on the simulation design working space of the Anylogic software
exhibiting the ERP simulation design structure and functional components
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Figure 8.6.5.4  Presentation of custom configured simulation control panel (dashboard)
including a set of price evolution graphs for selected drugs and reference countries in EU

A HybridERP : Simulation - AnyLogic Personal Learning Edition - ] X

> = C Em G 6 A P 3 &

Table 8.6.6.1 Confidence building principles
Authors Approach to confidence building

Sterman (2000) Highlights that since a model is a simplified
representation of reality it can never be
validated and building confidence in a
model is more appropr iate. Critically
assessing model ds bound
and level of aggregation in relation to
modelling purpose is of key importance and
all factors relevant to the modelling purpose
need to be captured endogenously in the

model boundary.

Heath et a . (2009) ABM validation with two main stages:
conceptual and operational validation,
where the built conceptual model needs to

correspond to the applied system theory
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Bonabeau (2002)

Ormerod and Roswell (2009)

Mingers (2000)

and behavioural criteria and the obtained
results from the simulation runs need to be

consistent to real system behaviour.

Accentuated that validation and calibration

needed expert judgement

Model replication, model explanation, and
outcome explanation and
rules should be capable of justification using

evidence from outside t

Explained model validation from a CR point

of view: fAé the philoso
of CR (as opposed to positivism) in that it is
recognized that the main purpose is not

accurate prediction of what will occur, but
instead greater learning and under -standing
of the causal mechanisms involved in the
situation. The argument is the same as in

CR, namely that social systems are

inherently open (although they have to be

artifici ally closed within the modelling

process) and that it is impossible to

properly quantify the various factors and

their relationships.

275



2.5

2.0

1.5

1.0

PUBLIC PRICE

0.5

0.0

TICAGRELOR 90 MG

Time (years)

—#—Austria ticagrelor 90 mg
generic ticagrelor

—#%—Belgium ticagrelor 90 mg
generic ticagrelor

—&—Cyprus ticagrelor 30 mg
generic ticagrelor

——Estonia ticagrelor 90 mg
generic ticagrelor

——Finland ticagrelor 90 mg
generic ticagrelor
—#=—Greece ticagrelor 90 mg
generic ticagrelor
Italy ticagrelor 90 mg generic
ticagrelor

———Latvia ticagrelor 90 mg
generic ticagrelor

——Portugal ticagrelor 90 mg
generic ticagrelor

—+—Slovakia ticagrelor 90 mg
generic ticagrelor

Figure 8.6.6.3

On patent drug Ticagrelor 90 mg price evolution
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period in selected EU countries (EURIPID data)

10.5

10

©
3

Drug A price
©

@
o

7.5

e DrugFirmA in
CountryAU
price

@@ DrugFirmA in
CountryBG
price

e DrugFirmA in
CountryPL price

e DrugFirmA in
CountryLV
price

g DrugFirmA in
CountryHU
price

@@ DrugFirmA in
CountrySK

10 price

276



Figure 8.6.6.5 on patent drug A simulated price evolution pattern for a 10 year period in
selected six countries (AU, BG, PL, LV, HU, SK)

Figure 8.6.6.10  and Figure 8.6.6.11 provide a comparative "pattern” (Ghaffarzadegan et
al. 2011) behaviour of real and simulated drag prices of original and generic clopidogrel
75 mg in selected EU countries like Austria, Bulgaria, Greece, Latvia, Poland, Slovakia.

Time (years)

Figure 8.6.6.10  Real drug price evolution pattern for original an d generic clopidogrel 75
mg in selected EU countries
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