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Abstract

Today, it takes ten to twelve years on average to complete a clinical trial be-
fore a new drug is approved and brought to market. Moreover, the evaluation of 
the efficacy and safety of drugs or devices has been performed in the linear and 
sequential manner with limited change over the past decade. The InSilc project is 
an EU funded project (H2020, www.insilc.eu) within which the InSilc platform 
was developed for designing, developing and assessing coronary stents. The In-
Silc platform contains the following modules: Mechanical Modelling Module, 3D 
Reconstruction and Plaque Characterization Tool, Deployment Module, Fluid Dy-
namics Module, Drug Delivery Module, Degradation Module, Myocardial Perfu-
sion Module, Virtual Population Physiology and Virtual Population Database. The 
cost of five different in silico scenarios for clinical study was analysed. In Scenario 
1, two different stent designs are compared according to the ISO standard for in sil-
ico mechanical tests. Scenario 2 predicts the stenting outcome for a virtual anato-
my where design/material could be changed. Scenario 3 compares two stents using 
the same virtual anatomies from the Virtual vessel database. Scenario 4 predicts 
the stenting procedure, for a specific stent, considering different virtual anatomies. 
Finally Scenario 5 predicts the stenting outcome, for the selected virtual anatomy 
and the considered stent, when different implantation procedures are simulated.

Cost-effectiveness analysis was performed for real clinical trials with metallic 
and BVS stent and in silico clinical trials. It was observed that in silico clinical 
trials are almost 90 times cheaper than real clinical trials for 1000 patients. In Sil-
ico clinical trials will not completely replace real clinical studies but the evidence 
shows that they can significantly reduce the cost of a real clinical study which will 
open a new avenue for future hybrid real and in silico clinical trials.

1. Introduction

Pharmaceutical and biotech companies conduct clinical trials for many rea-
sons. The most important goal of clinical trials is to demonstrate safety and effica-
cy of new drugs to gain Food and Drug Administration (FDA) or European Med-
ical Agency (EMA) approval. FDA and EMA provide guidance to developers to 
ensure the awareness of acceptable clinical trials and appropriate outcomes. Health 
care costs continue to grow as a percentage of every country’s gross domestic 
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product (GDP). This has a direct influence on the governments and private payers 
to thoroughly examine the economic value of new treatments. On the other hand, 
regulatory bodies FDA or EMA demand clinical trials to be as safe as possible for 
clinical trial participants. 

As clinical trials progress, it is sometimes necessary to include more patients 
and this may also have influence on the suitability of the trial. Some patients are 
not able to participate in the study due to their medical history or opposite require-
ments for the trials. Moreover, some studies have showed that 18% of patients 
drop out after enrolling in the trials. It can create delays to the point that 86% of all 
trials do not meet enrollment timelines and 30% of Phase III trials fail due to en-
rollment challenges (NIH; Properezi et al. 2019). Therefore, patient recruitment is 
the largest cost driver of clinical trials, accounting for 32% of overall costs (Fig. 1).

Fig. 1. Cost drivers in clinical trials1
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Traditional clinical trials are successful around 10%. A very comprehensive 
testing of the medical device is necessary for final outcome product in medical 
industry. There are three phases in the process of applied stents for the clinical 
study. The first phase considers smaller number of patients where only safety of 
the stent is important. The second phase includes a lot of patients where possible 
side effects and effectiveness are analysed. The third phase which is conducted 
in the large population analyse efficacy of the stent deployment. The aim of the 
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multi-center clinical studies is also to compare the evaluation stent with already 
existing stent in the market (Taylor 2019). The InSilc project was establishing 
computational platform for in silico clinical trial for design, develop and evalu-
ation drug-eluting,  bioresorbable vascular scaffolds (BVS) stent and simulation 
deployment in the relevant virtual arteries which are taken from real patients from 
medical images. It has been estimated that total world stent market for about €6.4 
billion. Around 37% is produced in the United States and 10% in the European Un-
ion. Still coronary stent are most dominated with more than 1 million deployments 
per year. More than 80 % of the sales are bare metal and drug-eluting coronary 
stents with Compound Annual Growth Rate (CAGR) of 2.0%. The biggest stents 
sales are presented in the US, France, Germany, Italy, Spain, UK, Japan, Brazil, 
China and India.

Older people are becoming more dominant in the global living. It is expected 
that the number of older people 65 or older will increase from 605 million to 2 
billion by 2050. This will be directly connected to increase of the market for stents. 
Global market for coronary artery disease treatment devices from 2020 to 2030 is 
increasing with CAGR of 6.4%. It increases from $49.80 billion in 2020 to $92.51 
billion by 2030 (Fig 2). 

Fig. 2. Global market for coronary artery disease treatment devices 2020-2030.

5 
 

 

Fig. 2. Global market for coronary artery disease treatment devices 2020-2030. 

The coronary stents makes than 90% penetration of interventional cardiology 

procedures by the use of stents. Stent sales will grow with double-digit rates because 

innovations and emerging market uptake. Different types of software on the market are 

declared as in silico platform. Their users can run some specific tasks and obtain outputs 

from the platform. However, those software packages differ from the InSilc platform in 

terms of purpose and complexity. For example, the InSilico trials platform1 offers users 

the possibility of selecting the model of choice from the digital library, developing or 

uploading their own model. The InSilc platform as a whole and each of its separate 

modules have been offered to stent industry key players as a service for competitive 

price, compared to real clinical trials. The use of the platform reduces the time needed 

for conducting in vitro experiment or clinical trial. For instance, Mechanical Module 

                                                 
1 https://insilicotrials.com 
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The coronary stents makes than 90% penetration of interventional cardiolo-
gy procedures by the use of stents. Stent sales will grow with double-digit rates 
because innovations and emerging market uptake. Different types of software on 
the market are declared as in silico platform. Their users can run some specific 
tasks and obtain outputs from the platform. However, those software packages 
differ from the InSilc platform in terms of purpose and complexity. For example, 
the InSilico trials platform1 offers users the possibility of selecting the model of 
choice from the digital library, developing or uploading their own model. The 
InSilc platform as a whole and each of its separate modules have been offered 
to stent industry key players as a service for competitive price, compared to real 
clinical trials. The use of the platform reduces the time needed for conducting 
in vitro experiment or clinical trial. For instance, Mechanical Module only can 
significantly reduce costs and time by performing all mechanical stent tests in 
silico. Similarly, the rest of the modules can be used as a partial replacement of 
clinical trials. 

In this study, we first introduce the InSilc platform as a whole and present 
some of the modules. Next, we analyze the costs of five different scenarios of 
using the InSilc platform for different types of stent testing or deployment in the 
virtual patient anatomy. Financial analysis of each module as well as of the total 
platform per one stent simulation is performed. The average cost per patient for 
the execution of a real clinical trial is presented. Finally, the calculated price for in 
silico trials per one stent is compared with the cost of the real clinical trial.

2. Method

2.1 Insilc cloud platform 

InSilc cloud platform refers to the development of patient-specific models for 
different stent testing and deployment in the virtual cohorts. It could complement 
a clinical trial with reducing the number of enrolled patients and improving statis-
tical significance, and/or advise clinical decisions (Pappalardo et al. 2019).

1. https://insilicotrials.com
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Fig. 3. InSilc cloud platform 
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The InSilc platform consist different modules which are simulated drug-elut-
ing BVS stents and their deployment in the virtual arteries. Also degradation pro-
cess is simulated in the micro and macro level together with computational fluid 
dynamics and myocardial perfusion. The computational modules developed and 
integrated in the InSilc platform are: Mechanical Modelling Module, 3D Recon-
struction and Plaque Characterization Tool, Deployment Module, Fluid Dynam-
ics Module, Drug Delivery Module, Degradation Module, Myocardial Perfusion 
Module, Virtual Population Physiology and Virtual Population database (Fig. 3). 
All types of coronary and peripheral stents can be simulated with these modules, 
such as Bare Metal Stents (BMS), Drug-eluting Stents (DES) and Bioresorbable 
Stents. InSilc platform and its modules are trying to enter market and reach in-
terested stakeholders (Filipovic et al. 2021; Fotiadis and Filipovic 2021). In this 
cost-effective study we compare the costs and time required for a real clinical trial 
and in silico clinical trial. 

2.2 Description of the modules 

For development of a new stent, corresponding ISO standard mechanical 
tests are using for evaluation of different mechanical behaviour. These tests 
could be very time consuming and expensive. For example, fatigue tests can use 
a lot of cycles and can take up to several months 24 hours per day. InSilc plat-
form can mimics these mechanical tests virtually. These set of tests are: Pusha-



16

bility, Trackability, Torquability, Recoil, Crush resistance, Longitudinal tensile 
strength, Flex/kink, Crush resistance with parallel plates, Local Compression, 
Radial Force, Three-point bending, Foreshortening, Dog Boning, Inflation and 
Radial Fatigue test.

For Mechanical Module we used advanced and beyond the state-of-the-art 
in-house solver PAK developed by BIOIRC [PAK]. Nonlinear material and ge-
ometry problems, nonlinear contact problems, dynamics and statics with residual 
stress and strain analysis have been used in this solver PAK. Firstly, three-dimen-
sional stent geometry is generated. Then, finite element mesh is build. Boundary 
conditions are prescribed together with nonlinear material properties defined from 
uniaxial stress-strain experimental curves. Three-point bending stent testing for A 
and B different BVS models has been presented for Mechanical Modeling Module 
in the Fig. 4.

Fig. 4. Mechanical Modeling Module: Three-point bending stent testing  

for A and B different BVS models.
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For stent deployment in the coronary artery Deployment Module is used. 
Basic information what we can get from this Module are stresses and strains 
in the stent material but also in the arterial wall. What can be also detected and 
analysed is short-term outcome after stent deployment in the artery. The pro-
cedure for stent implantation contains from positioning, balloon inflation and 
deployment. Fully automatized procedure makes this process easy for users. An 
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example of stent deployment with maximal stress distribution in the stent is 
presented in Fig. 5.

Fig. 5. Deployment Module. Stress distribution in the stent deployed in the coronary 

artery.
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3. Results

3.1. Cost-effectiveness analysis of different in silico scenarios 

3.1.1. Scenario 1 – pre-clinical testing assessment

Stent manufacturers have the obligation to perform standard mechanical stent 
testing according to ISO standards. The objective of Scenario 1 is to simulate in 
silico all the tests required by the ISO. In this scenario, we performed the fol-
lowing tests: simulated use – Pushability, Torquability, Trackability, Recoil, Crush 
resistance, Flex/kink, Longitudinal tensile strength, Crush resistance with parallel 
plates, Local Compression, Radial Force, Foreshortening, Dog Boning, Three-
point bending, Inflation and Radial Fatigue test. All of these in silico tests are used 
to compare the performance of two stents with different stent designs. The cost and 
time required is presented in Table 1. It can be seen that in silico stent testing for 
8 standard tests amounts to €5,800 while the same testing with in vitro amounts 
to €64,000. Moreover, time in days for in silico test is 1 day, and all 8 tests could 
be run in the parallel. In vitro stent testing will take 84 days. Actual cost/time con-
cerns the testing of minimum 10-15 samples per test.
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Table 1. Cost and time required to perform Scenario 1.

Mechanical
Module

Cost
€

Actual
Cost

€

Time
(in days)

Actual
Time

(in days)

Radial 800 6,000 1 6

Inflation 800 10,000 1 42

Three-point
bending

800 6,000 1 6

Crush 400 6,000 1 6

Local Compression 400 6,000 1 6

Longitudinal
Tensile Strength

600 6,000 1 6

Kinking 1,000 12,000 1 6

Flex 1,000 12,000 1 6

Total € 5,800 64,000 1 (all parallel) 84

3.1.2. Scenario 2 - design new stents

Scenario 2 aims to predict the stenting outcomes, for a virtual anatomy, when 
parameters such as design or material change in a specific stent. In this example, 
the following modules/tools are included: 3D reconstruction and plaque character-
ization tool, Deployment Module, Fluid dynamics Module, Drug Delivery Mod-
ule, Degradation Module and Myocardial Perfusion Module. Relevant modules, 
their prices and time required are presented in Table 2. In can be seen that all in 
silico modules cost €8,600 while real clinical trial cost for metallic stent is €11,788 
and for BVS €14,400 per patient. Also, time in days for in silico study is 18 days if 
all simulations are running sequentially or maximum 7 days if they are running in 
parallel, while real clinical studies are running up to 2 years.
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Table 2. Costs and time required to perform Scenario 2.

Tool/Module used in 
Scenario 2

Cost
€

Actual cost
of clinical 

trials

Time
(in days)

Time required 
to execute a 

clinical study

3D Reconstruction 
Tool

200 Metallic 

stent clinical 

study  

cost per stent: 

€11,788

BVS clinical 

study cost 

per stent: 

€14,400

2

Up to 2 years 

(enrollment + 

9-12 months 

FU) for first-in-

man study

Deployment Module 2,000 3

Fluid Dynamics 
Module

1,000 2

Drug Delivery Mod-
ule

3,800 7

Degradation Module 1,000 2

Myocardial Perfusion 
Module

600 2

Total € 8,600 18 sequentially 
or 7 days in 

parallel

3.1.3. Scenario 3 - compare existing stents

The aim of this scenario is to compare two stents using the same virtual anat-
omies, available in the Virtual vessel database. In this example, the following 
modules/tools are included: 3D reconstruction and plaque characterization tool, 
Deployment Module, Fluid Dynamics Module, Drug Delivery Module and Deg-
radation Module. The cost and time for performing this scenario are presented in 
Table 3. It can be seen that in silico costs are around €8,000 and maximum duration 
is 18 days. If we consider including the whole pipeline up to degradation for real 
clinical studies, the duration can be up to 5 years (patient enrollment + follow-up 
for degradation). Otherwise, 2-3 years are needed for restenosis (enrollment + 12 
months FU).
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Table 3. Cost and time required to perform Scenario 3.

Tool/Module used in 
Scenario 3

Cost
€

Actual cost
of clinical trials

Time
(in days)

Time required  
to execute a  

clinical study

3D Reconstruction 
Tool

200

Metallic stent 
clinical study  
cost per stent: 

€11,788

BVS clinical  
study cost per 
stent: €14,400

3 Duration of a clinical 
trial depends upon 
the study design.

1) If we consider 
including the whole 
pipeline up to degra-
dation, the duration 
can be up to 5 years 
(patient enrollment + 
follow-up for degra-

dation).

2) If we limit to 
restenosis, 2-3 years 

are needed  
(enrollment +  

12 months FU)

Deployment  
Module

2,000 3

Fluid Dynamics 
Module

1,000 2

Degradation  
Module

1,000 3

Drug Delivery  
Module

3,800 7

Total € 8,000 18

3.1.4 Scenario 4 - Compare anatomy configurations & patient conditions

Scenario 4 aims to predict the stenting procedure, for a specific stent, con-
sidering different virtual anatomies. In this example, the following modules/tools 
are included: 3D reconstruction and plaque characterization tool, Deployment 
Module, Fluid dynamics Module and Drug-delivery Module. The cost and time 
required to perform Scenario 4 are presented in Table 4. 
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Table 4. Cost and time required to perform Scenario 4

Tool/Module used in 
Scenario 3

Cost
€

Actual cost
of clinical trials

Time
(in 

days)

Time required to ex-
ecute a clinical study

3D Reconstruction 
Tool

400
Metallic stent 

clinical study cost 
per stent: €11,788

BVS clinical study 
cost per stent: 

€14,400

6

If we limit to reste-
nosis, 2-3 years are 
needed (enrolment + 

12 months FU)   

Deployment Module 2,000 3

Fluid Dynamics 
Module

1,000 2

Drug Delivery 
Module

3,800 7

Total € 7,200 18

3.1.5 Scenario 5 - Compare different revascularization procedures

Scenario 5 aims to predict the stenting outcome, for the selected virtual anat-
omy and the considered stent, when different implantation procedures are simulat-
ed. In this example, the following modules/tools are included: 3D reconstruction 
and plaque characterization tool, Deployment Module, Fluid dynamics Module, 
and Myocardial Perfusion Module. The cost and time required to perform Scenario 
5 are presented in Table 5.

Table 5. Cost and time required to perform Scenario 5

Tool/Module used in 
Scenario 3

Cost
€

Actual cost
of clinical trials

Time
(in 

days)

Time required to ex-
ecute a clinical study

3D Reconstruction 
Tool

200

Metallic stent 
clinical study 
cost per stent: 

€11,788

BVS clinical  
study cost  
per stent:  
€14,400

2

At least 5 years

Deployment Module 2,000 3

Fluid Dynamics 
Module

1,000 2

Drug Delivery 
Module

600 2

Total € 3,800 9
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3.2. Financial analysis 

Detailed prices of each module are presented (Gacic 2022) in Table 6.

Table. 6. Detailed prices of each module and total price for in silico stent deployment.

Module Price € Base for calculation of in silico trial

Virtual Database 
Module

200 Per simulation.

Deployment Module 1,000 Per simulation with the deployment of 
one stent in a single vessel. More complex 

procedures should be considered separately. 
3D geometry of the stent has been gener-

ated in the previous step. 

Fluid Dynamics 
Module

900 Per simulation.

Drug Delivery Mod-
ule

1,900 Per simulation. The geometry of artery and 
stent has been generated from previous 

module. The pharmacokinetics model of the 
release for the stent device has already been 

developed.

Degradation Module 500 Per simulation.

Myocardial Perfusion 
Module

300 Per patient with some additional automati-
zation.

Virtual Population 
Physiology Module

200 Per patient.

InSilc Platform 150 Per simulation.

Total 5,150

The prices for real clinical study for metallic and BVS stent per patient are 
€11,788 and €14,400, respectively. The price for in silico clinical study per stent 
is €5,150. For calculation of the price for more patients, real clinical studies are 
calculated as linear function which is multiplied with the number of patients. The 
price for in silico clinical study is not calculated as linear function, because it 



23

can be speed up with parallel calculation on supercomputer or high-performance 
computing in parallel with divided of square root for number of patients. Com-
parison for the price for real and in silico clinical trials for both metallic and BVs 
stents is presented in Table 7. Variation of the price for real and in silico clinical 
trials for metallic and BVS stent with logarithms scale for number of patients has 
been graphically shown in Fig. 6. It can be seen that real clinical study for 1000 
patients is amounting to 12-14.5 million euros, while in silico clinical trials for 
the same number of patients are up to €163,000 (Gacic et al.2021; Gacic 2022; 
Gacic 2023).

Table 7. Comparison of the price for real and in silico clinical trials.

Number  
of patients

Price for real clinical 
study with metallic 

stent (€)

Price for real clinical 
study with BVS 

stent (€)

Price for in silico 
clinical study with 

virtual stent (€)

1 11,788 14,400 5,150

10 117,880 144,000 16,286

100 1,178,800 1,440,000 51,500

1000 11,788,000 14,400,000 162,857

Fig. 6. Variation of the price for real and in silico clinical trials for metallic  
and BVS stent.
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Fig. 6. Variation of the price for real and in silico clinical trials for metallic and BVS 

stent. 

4. Discussion and conclusions 

The main exploitable products of the InSilc project are the Mechanical Modelling 

Module, the 3D Reconstruction and Plaque Characterization tool, the Deployment 

Module, the Fluid Dynamics Module, the Drug Delivery Module, the Myocardial 

Perfusion Module, the Degradation Module, the Virtual Physiology Module, the Virtual 

Population Database and the integrated InSilc cloud platform (Gacic 2022). 

A detailed cost analysis of five different in silico scenarios defined in the InSilc project 

has been described. Scenario 1 compared in silico two different stent designs for all ISO 

mechanical tests. The outcomes of virtual anatomy with different design and material 

have been analysed in Scenario 2. Two stents in the same virtual anatomies from virtual 
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4. Discussion and conclusions

The main exploitable products of the InSilc project are the Mechanical Mod-
elling Module, the 3D Reconstruction and Plaque Characterization tool, the De-
ployment Module, the Fluid Dynamics Module, the Drug Delivery Module, the 
Myocardial Perfusion Module, the Degradation Module, the Virtual Physiology 
Module, the Virtual Population Database and the integrated InSilc cloud platform 
(Gacic 2022).

A detailed cost analysis of five different in silico scenarios defined in the In-
Silc project has been described. Scenario 1 compared in silico two different stent 
designs for all ISO mechanical tests. The outcomes of virtual anatomy with differ-
ent design and material have been analysed in Scenario 2. Two stents in the same 
virtual anatomies from virtual coronary database have been compared in Scenario 
3. For specific stent the stenting procedure in different virtual anatomies were ana-
lysed in the Scenario 4. The stenting outcome for the selected virtual anatomy with 
different implantation procedures are described in the Scenario 5.

Financial analysis has taken into account the prices per each InSilc module 
as a total of €5,150. It has been shown that the cost of real clinical study including 
1000 patients can be very expensive amounting to 12-14.5 million euros, while in 
silico clinical trials for the same number of patients are up to €163,000. It is almost 
90 times cheaper than real clinical study. The perspective of in silico clinical trials 
is very promising. It will not completely replace real clinical studies, but it will 
significantly reduce the cost of real clinical studies and become standard comple-
mentary part of future hybrid clinical study (real and in silico).



25

References

Filipovic N, Nikolic D, Isailovic V, Milosevic M, Geroski V, Karanasiou G, Faw-
dry M, Flanagan A, Fotiadis D, Kojic M (2021).In vitro and in silico testing of 
partially and fully bioresorbable vascular scaffold, J Biomech, 115:110158, Jan.   
2021, doi: 10.1016/j.jbiomech.2020.110158. 

Fotiadis D and Filipovic N (2021) In-silico trials for drug-eluting BVS design, 
development and evaluation, The Project Repository Journal, Vol. 8, Jan. 

Gacic M, Karanasiou G, Fotiadis D, Filipovic N (2021). Insilico clinical trials for 
bioresorbable vascular stents, in Proc. 11th International Conference on Infor-
mation Society and Technology, Kopaonik, Serbia.

Gacic M (2022). Economic analysis for insilico clinical trials, Elsevier 2022, 
Cardiovascular and respiratory bioengineering, N. Filipovic Editor, ISBN: 
9780128239568

Gacic M (2023), Cost effectiveness analysis of real and in silico clinical trials for 
stent deployment based on decision tree, Applied Artificial Intelligence: Medi-
cine, Biology, Chemistry, Financial, Games, Engineering, N. Filipovic Editor, 
Springer Verlag in the series, Learning and Analytics in Intelligent Systems.

H2020 InSilc project: In-silico trials for drug-eluting BVS design, development 
and evaluation, www.insilc.eu

Meredith IT, Verheye S, Weissman NJ, Barragan P, Scott D,  Chávarri MV, et al 
(2013). Six-month IVUS and two-year clinical outcomes in the EVOLVE FHU 
trial: A randomised evaluation of a novel bioabsorbable polymer-coated, everoli-
mus-eluting stent, EuroIntervention, 9, pp. 308–15. 

NIH, U.S. National Library of Medicine, Learn About Clinical Studies, https://
clinicaltrials.gov/ct2/about-studies/learn#ClinicalTrials.

PAK Finite element program, BIOIRC, Research and Development Center, 34000 
Kragujevac, Serbia http://www.bioirc.ac.rs/index.php/software/5-pak

Pammolli F, Magazzini L, Riccaboni M, (2011).The productivity crisis in pharma-
ceutical R&D,. Nat Rev Drug Discov [Internet],10, pp. 428–38. 



26

Pappalardo F, Russo G, Tshinanu FM, Viceconti M (2019). In silico clinical trials: 
concepts and early adoptions. Brief Bioinform. Sep 27;20(5):1699-1708. doi: 
10.1093/bib/bby043. PMID: 29868882.

Properzi Francesca et al. (2019). Intelligent drug discovery: Powered by AI, 
https://www2.deloitte.com/us/en/insights/industry/life-sciences/artificial-intelli-
gence-biopharma-intelligent-drug-discovery.html

Taylor K (2019). Why improving inclusion and diversity in clinical trials should 
be a research priority,https://blogs.deloitte.co.uk/health/2019/08/why-improv-
ing-inclusion-and-diversity-in-clinical-trials-should-be-aresearch-priority.html



Laudatio y Discurso de contestación por la Académica de Número

EXCMA. SRA. DRA. MONTSERRAT GUILLÉN



EXCMA. SRA. DRA. MONTSERRAT GUILLÉN



29

Antes de iniciar mi intervención, deseo agradecer a la Real Academia de 
Ciencias Económicas y Financieras el honor que me ha conferido al designarme 
para responder, en su nombre, al discurso de ingreso del Académico Correspon-
diente electo para Serbia, Ilmo. Sr. Dr. Nenad Filipović, que ha versado sobre 
«El análisis coste-efectividad de los experimentos clínicos en silicio de los stents 
vasculares».

Siempre resulta una satisfacción ostentar la representación de la Real Acade-
mia, aunque en el caso de hoy, concurren varias razones específicas que hacen de 
esta respuesta un motivo de especial emotividad para mí:

–  En primer lugar, destaco que se trata de un Académico correspondiente 
que ha dedicado toda su vida a la investigación.

–  En segundo lugar, me apasiona el contenido material de su discurso de 
ingreso, que tiene mucho que ver con uno de los temas más punteros 
en los que las ciencias de la salud tradicionales pueden beneficiarse del 
conocimiento cuantitativo y la potencia computacional, ambos tan pre-
sentes en la ciudad de Barcelona a través de buen número de científicos 
y uno de los centros de mayor prestigio mundial como es el Barcelona 
Supercomputing Center. 

 Durante muchos años, la multidisciplinariedad de la que hace gala este 
discurso de hoy ha sido objeto de infinitas alabanzas, pero escaso reco-
nocimiento, cuando en realidad y como se está viendo, se encuentra en la 
médula del progreso científico más puntero del siglo XXI. 

 Cuando hoy se rumorea que un Premio Nobel de Medicina pronto recaerá 
en un físico o un informático, es cuando en realidad se está reconociendo 
que solo el trabajo en equipo desde las múltiples ramas del saber, puede 
alcanzar el éxito y el futuro de la ciencia actual más puntera. 

Excelentísimo Señor Presidente,
Excelentísimos Señores Académicos,
Ilustrísimos Señores miembros de la Barcelona Economics Network,
Señoras y Señores,
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–  Y en tercer lugar, me emociona toda interrelación entre el estudio de la 
economía y los avances en medicina. 

 Esta conexión ya despertó en mí desde mis inicios como investigadora, 
cuando progresivamente me fui convirtiéndome en la responsable de con-
ducir la estabilidad en la recogida de datos auto-reportados sobre salud de 
la población de Catalunya desde 1994. 

 Desde entonces he seguido con fascinación como su análisis riguroso 
aportaba evidencias empíricas, abría horizontes y, en definitiva, se con-
vertía en uno de los instrumentos más poderosos del proceso de toma de 
decisiones en la implantación de mejores protocolos que han derivado, 
sin lugar a dudas, a lograr crecimientos en la esperanza de vida de la po-
blación española, muy por encima de otros países y la han situado entre 
las mejores posiciones de longevidad del mundo. 

Con estas palabras que reflejan esta primera impresión, me gustaría aden-
trarme ahora en la trayectoria biográfica del nuevo Académico, que se une hoy 
a nuestra ilustre Real Corporación, para continuar de inmediato la respuesta a su 
discurso de ingreso con algunos comentarios sobre el contenido del trabajo cien-
tífico que acaba de exponer.

El profesor Filivopić nació en la ciudad de Kragujevac en Serbia el año 1970. 
Es en esa su ciudad natal donde estudió ingeniería mecánica y finalmente se doc-
toró en dicha materia en 1999, con una tesis titulada “Soluciones numéricas a 
problemas acoplados: sólidos deformables y flujos de fluidos”. 

Si analizamos bien las palabras que contiene el título de su tesis entende-
remos perfectamente por qué hoy nos ha hablado de los milagrosos stents (esos 
sólidos deformables) que se insieren en el cuerpo humano para mejorar el paso de 
la sangre, es decir para mejorar su flujo.

La Serbia del joven Dr. Filipović todavía resentía los avatares de la Segunda 
Guerra Mundial y la posterior industrialización cuando el joven profesor efectúa 
una corta estancia en la Universidad de Viena, seguida de siete años en la Univer-
sidad de Harvard en los Estados Unidos de América.
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A su regreso en 2010, el Dr. Filipović inicia una fructífera carrera investiga-
dora, liderando un sinfín de proyectos de carácter internacional y gestando una 
sólida estirpe europea, que va perfilándose en la órbita de la bioingeniería, a la que 
dará un extraordinario impulso.

Autor de más de 140 artículos en revistas científicas internacionales y capítu-
los de libro, realiza tres aportaciones en forma de libro publicado por sendas edi-
toriales de prestigio, como Springer, Academic Press y John Wiley. Estas firmas 
le proporcionan el impulso adicional para su reconocimiento como una verdadera 
autoridad en el campo de la modelización computacional para la bioinformática 
y la bioingeniería, la medicina computacional y la creación de software para mo-
delos en dichos ámbitos. 

Es autor de numerosos paquetes de cálculo computacional disponibles para 
los investigadores que deseen simular y complementar los ensayos clínicos, cuyo 
carácter híbrido es hoy en día más que una habitualidad, casi una norma.

Su especial vinculación a nuestra Real Academia se plasma en numerosas 
participaciones en actos internacionales, expresando su preocupación por consi-
derar los costes de cuantos experimentos computacionales pretenden aligerar la 
enorme carga económica y humana que representa someter a voluntarios partici-
pantes en ensayos clínicos a los avatares de la experimentación. 

* * * * * * * * * * *

Hecha esta necesariamente breve semblanza del Académico que hoy recibi-
mos en nuestra Real Corporación, me gustaría hacer unas consideraciones sobre 
el contenido del discurso pronunciado hoy y aquí por el recipiendario y que ha 
versado sobre el coste efectividad de las técnicas “in silico”. 

Es interesante que la ciencia haya optado por denominar con el término “in 
silico” no al excipiente de los experimentos como le cabría suponer a un profano 
en la materia, sino como un eufemismo, para hacer alusión al ámbito de la com-
putación, donde los chips están fabricados con dicho elemento químico. 
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No sé si se trata de evitar el término computacional por el rechazo que podría 
generar en la población, de forma que en realidad se evite hablar de simulaciones 
y modelos, que suelen ser objeto de crítica ya que, nada hace pensar que no sean 
una mera representación en miniatura de la realidad y podríamos temer que no 
capturen ni por complejidad ni paramétricamente la difícil materialidad del mara-
villoso funcionamiento del cuerpo humano. 

El nuevo Académico nos ha dado la oportunidad de abrirnos a un mundo fas-
cinante en el que, entre múltiplos logros, se ha conseguido descifrar el código ge-
nético y dejar boquiabiertos incluso a los propios expertos en biología molecular. 

El proyecto InSilc que nos ha presentado nuestro ilustre protagonista es una 
impecable estructura de motivación, material y métodos, resultados y conclusio-
nes. Ha logrado convencernos de los destacados avances científicos que merecen 
ser resaltados en este discurso formal. 

Entre los logros sobresalientes de su proyecto, se encuentran una serie de 
módulos y herramientas esenciales que han sido desarrolladas. Nos referimos al 
“Módulo de Modelado Mecánico” que permite simular y analizar el comporta-
miento de diferentes estructuras. Por otro lado, a la “Herramienta de Reconstruc-
ción 3D y Caracterización de Placas”, que facilita la representación en modelos 
virtuales. Asimismo, al desarrollo de un “Módulo de Despliegue” que ayuda a si-
mular y analizar la actividad de dispositivos médicos, a un “Módulo de Dinámica 
de Fluidos” para simular el comportamiento de los mismos en sistemas biológicos 
y, no menos importante, a un “Módulo de Administración de Medicamentos” que 
facilita también el estudio de su efecto en nuestro cuerpo.

Además, el sistema incorpora un “Módulo de Perfusión Miocárdica” y un 
“Módulo de Degradación” que ayuda a analizar la implantación y deterioro de 
materiales. La “Fisiología Virtual” resulta accesible a través de su correspondien-
te motor para crear modelos de pacientes.

El proyecto también integra una “Base de Datos de Población Virtual” que 
contiene información agregada de representaciones virtuales para su análisis. 

Todo este conjunto de herramientas se apoya en la “Plataforma en la Nube 
InSilc Integrada” que permite el uso eficiente del conocimiento generado.
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Nuestro nuevo Académico correspondiente ha llevado a cabo un análisis de-
tallado de costes para cinco escenarios “in silico”, definidos en su proyecto, que 
incluyen comparaciones de diferentes diseños de stents, anatomías virtuales, así 
como de procedimientos de colocación.

El breve análisis financiero ha tenido en cuenta los precios de cada módulo 
de InSilc. Este análisis ha revelado la enorme diferencia con el coste de un estudio 
clínico real En comparación, los ensayos clínicos virtuales resultan mucho más 
económicos. Esta diferencia de costes es significativa, siendo los ensayos clínicos 
en silicio casi 90 veces menos costosos que los estudios clínicos tradicionales.

De la exposición del Profesor Filipović, no cabe la menor duda que los avan-
ces logrados en su proyecto son altamente prometedores. Si bien no reemplaza-
rán por completo la práctica usual, sí representarán un notable abaratamiento, 
consolidándose como una parte complementaria estándar en los futuros estudios 
clínicos híbridos, que combinan métodos reales y simulaciones por ordenador.

* * * * * * * * * * *

Excmo. Sr. Presidente, Excmos. Sres. Académicos, Excmos. e Ilmos. miem-
bros de la Barcelona Economics Network, señoras y señores, permítanme acabar 
este discurso de contestación felicitando al nuevo Académico por las muchas e in-
teresantes ideas sobre la justificación económica, de sobras anticipada, que nos ha 
presentado. Pese a los riesgos que la idoneidad de la modelización podría suponer, 
su aportación constituye un hito y merece nuestro más elevado reconocimiento.

Estoy convencida que la contribución realizada en el día de hoy será una 
primera manifestación del trabajo que el recién incorporado Académico llevará a 
cabo en el seno de nuestra prestigiosa Real Corporación, en beneficio del progreso 
de las ciencias económicas y financieras, desde la perspectiva multidisciplinaria 
que nos ha presentado en esta ocasión.

Y permítanme concluir reiterando mi cordialidad hacia el nuevo Académico 
y expresándole nuevamente nuestra más cálida bienvenida a la Real Academia 
que hoy le acoge, en nombre de todos cuantos formamos parte de ella.

Muchas gracias.





Real Academia
de Ciencias Económicas y Financieras

PUBLICACIONES DE LA REAL ACADEMIA
DE CIENCIAS ECONÓMICAS Y FINANCIERAS

*Las publicaciones señaladas con el simbolo   
están disponibles en formato PDF en nuestra página web: 

https://racef.es/es/publicaciones

***Las publicaciones señaladas con el símbolo  o  
están disponibles en nuestros respectivos canales de Youtube y Vimeo
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DISCURSOS  DE INGRESO, PONENCIAS Y  
COMUNICACIONES DE ACADÉMICOS 

1/45 Preocupación actual por una política de familia y relación con la política económica 
(Discurso de apertura del curso 1945-1946, por el Académico Numerario, Excmo. Sr. 
Don Pedro Gual Villalbí), 1945.

2/47 El arancel universal y enciclopédico (Discurso de ingreso del Académico Correspondiente 
para Madrid, Ilmo. Sr. Don Carlos Arniches Barrera, y contestación por el Excmo. Sr. 
Don Pedro Gual Villalbí), 1947.

3/48 Política fiscal y su relación con una organización del Ministerio de Hacienda (Confe-
rencia por el Académico Numerario, Excmo. Sr. Don Alberto de Cereceda y de Soto), 
1948.

4/49 The scourge of population growth (Discurso de ingreso del Académico Correspondiente 
para Gran Bretaña, Ilmo. Sr. Dr. D. Roy Glenday M.C. y contestación por el Excmo. Sr. 
Dr. D. Ricardo Piqué Batlle), 1949.

5/49 Ciencias económicas y política económica (Discurso de ingreso del Académico Corres-
pondiente para Bélgica, Ilmo. Sr. Don Henry de Lovinfosse, y contestación por el Exc-
mo. Sr. Don Santiago Marimón Aguilera), 1949. 

6/49 Reflexiones sobre la bolsa (Discurso de ingreso del Académico Numerario, Excmo. Sr. 
Don Javier Ribó Rius, y contestación por el Excmo. Sr. Don Baldomero Cerdà Richart), 
1949.

7/49 Balmes, economista (Discurso de ingreso del Académico Numerario, Excmo. Sr. Don 
Joaquín Buxó Dulce de Abaigar, Marqués de Castell-Florite, y contestación por el 
Excmo. Sr. Don José María Vicens Corominas), 1949.

8/49 La entidad aseguradora y la economía y técnica del seguro (Discurso de ingreso del 
Académico Correspondiente para Madrid, Ilmo. Sr. Dr. D. Antonio Lasheras-Sanz, y 
contestación por el Excmo. Sr. Don Francisco Fornés Rubió), 1949.

9/51 La obtención y fijación de costes, factor determinante de los resultados (Conferencia pro-
nunciada el 12 de abril de 1951, por el Excmo. Sr. Dr. D. Ricardo Piqué Batlle), 1951.

10/51 El destino de la economía europea (Discurso de ingreso del Académico Correspondiente 
para Madrid, Excmo. Sr. Dr. D. Luis Olariaga y Pujana), 1951.

11/51 Hacendística de Corporaciones Locales (Conferencia por el Excmo. Sr. Don Joaquín 
Buxó Dulce de Abaigar, Marqués de Castell-Florite), 1951.

12/52 La productividad en los negocios (Texto de las Conferencias del VI Ciclo pronunciadas 
durante el Curso 1950-51 por los Académicos Numerarios, Excmos. Sres. Don Jaime 
Vicens Carrió, Don José Gardó Sanjuan, Don José M.ª Vicens Corominas, Don Juan 
Casas Taulet y Don Ricardo Piqué Batlle), 1952. 

13/52 Problemas de política fiscal (Discurso de ingreso del Académico Correspondiente para 
Madrid, Ilmo. Sr. Don Antonio Saura Pacheco), 1952.

14/53 Las amortizaciones y el fisco (Discurso de ingreso del Académico Correspondiente para 
Madrid, Excmo. Sr. Dr. D. Alfredo Prados Suárez), 1953.
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15/54 La contabilidad y la política económica empresarial (Discurso de ingreso del Académico 
Numerario, Excmo. Sr. Dr. D. Antonio Goxens Duch, y contestación por el Excmo. Sr. 
Don Ricardo Torres Sánchez), 1954.

16/54 El gravísimo problema de la vivienda (Discurso de ingreso del Académico Numerario, 
Excmo. Sr. Don Luis Bañares Manso, y contestación por el Excmo. Sr. Don Fernando 
Boter Mauri), 1954.  

17/54 El balance de situación (Discurso de ingreso del Académico Correspondiente para Ar-
gentina, Ilmo. Sr. Dr. D. Jaime Nicasio Mosquera), 1954.

18/55 El control de la banca por el Estado (Discurso de ingreso del Académico Numerario, 
Excmo. Sr. Dr. D. Roberto García Cairó), 1955.

19/55 El capital, como elemento económico-financiero de la empresa (Discurso de ingreso del 
Académico Numerario, Excmo. Sr. Don Luis Prat Torrent, y contestación por el Excmo. 
Sr. Don José María Vicens Corominas), 1955.

20/55 El comercio exterior y sus obstáculos, con especial referencia a los aranceles de aduanas 
(Discurso de ingreso del Académico Correspondiente para Málaga, Excmo. Sr. Don 
Manuel Fuentes Irurozqui, y contestación por el Excmo. Sr. Don Pedro Gual Villalbí), 
1955.

21/56 Lo económico y lo extraeconómico en la vida de los pueblos (Discurso de ingreso 
del Académico Correspondiente para Barcelona, Ilmo. Sr. Dr. D. Román Perpiñá Grau), 
1956. 

22/57 En torno a un neocapitalismo (Discurso de apertura del Curso 1957-1958, el 22 de 
diciembre de 1957, pronunciada por el Excmo. Sr. D. Joaquín Buxó Dulce de Abaigar, 
Marqués de Castell-Florite), 1957.  

23/58 Nuevas tendencias hacia la unidad económica de Europa (Conferencia por el Excmo. Sr. 
Don Manuel Fuentes Irurozqui), 1958.

24/59 Estadística, lógica y verdad (Discurso de ingreso del Académico Correspondiente para 
el País Vasco, Rvdo. Ilmo. Sr. Don Enrique Chacón Xérica), 1959.

25/59 Problemas relacionados con la determinación del resultado y el patrimonio (Discurso de 
ingreso del Académico Correspondiente para Holanda, Ilmo. Sr. Don Abraham Gou-
deket), 1959.

26/60 Repercusión de la depreciación monetaria en los seguros mercantiles y sociales, forma 
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