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Application of in-silico technologies for the repurposing 
of medicinal products in rare paediatric diseases: 

Lessons from a case study in heart failure



Drug Discovery, Repurposing and Repositioning

Approval of  
novel or  

repurposed 
medicine



Empirical Evidence 

How has the process for evidence generation in clinical research evolved?

1. Randomised controlled clinical trials
2. Retrospective observational studies
3. Prospective observational studies



Reducing Attrition in Repurposing and Repositioning 

Diabetes:  Semaglutide is a human GLP-1 analogue 

Bellido et al. J Clin Med. 2022; 11(17):4938.

Weight loss:  Semaglutide is a human GLP-1 analogue 



MID3: Mission Impossible or Model-Informed Drug Discovery and Development? Point-Counterpoint Discussions on Key Challenges.Krishnaswami S, Austin D,
Della Pasqua O, Gastonguay MR, Gobburu J, van der Graaf PH, Ouellet D, Tannenbaum S, Visser SAG.Clin Pharmacol Ther. 2020 Apr;107(4):762-772.

Empirical Decision Making

https://pubmed.ncbi.nlm.nih.gov/31955417/
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Repurposing – In silico modelling and extrapolation

Romano et al., Pharmaceutics. 2021; 13(8): 1299.



Paediatric heart failure

• Rare disease (1-8 / 100,000 children)

• Relevant burden: 15,000 hospitalisations / year in the USA

• Current therapy unsatisfactory: DCM 5y mortality 30-50%

• VAD: morbidity and mortality, burden to families and health systems

• Heart transplant

oOrgan shortage: 15-30% waiting-list mortality

oMedian graft survival ∼20y

• Paediatric heart failure therapy: off-label

• Recent advances in adult heart failure (sacubitril/valsartan, SGLT2i inhibitors, vericiguat, …)

Lava SA. Children. 2023; 10(5):886, Loss KL, et al. Front Pediatr. 2021;9:681224, Rossano JW, et al. J Card Fail. 2012;18(6):459-470, Andrews RE et al. ESC Heart Fail. 

2016;3(2):107-114, D’Addese L et al. Curr Opin Pediatr. 2019;31(5):583-591



Heart failure studies in Paediatrics

• In the past, heart failure trials in children have failed!

• Reasons: 

o Small and heterogeneous population 
(primary myocardial disease versus morphological diagnosis, biventricular versus 
single ventricle haemodynamics)

oPoor dose rationale, inadequate formulation/route

oPoorly defined outcomes

• Can these issues be avoided in the future? 

Benjamin DK et al. Hypertension. 2008;51:834-840, Bellanti F, Della Pasqua O. Eur J Clin Pharmacol. 2011;67 Suppl 1:75-86



SGLT2 inhibitors

• Approved for T2DM 2012-2017

• Mandatory investigations on cardiovascular (and renal) outcomes - positive surprise 

• Trials in HF population (with or without T2 DM): 25-26% reduction in mortality / 
worsening HF (Dapagliflozin 2019, Empagliflozin 2020)

• ESC adult HF guidelines 2021: Dapagliflozin or Empagliflozin recommended as standard 
therapy for HFrEF

• 2021-2022: also beneficial for HFpEF

• Safe (adults + children)

• Children

oapproved 10-18y with T2DM

oused off-label for GSD Ib, HF, CKD

Braunwald E. N Engl J Med. 2022;386(21):2024-2034, McMurray JJV et al. N Engl J Med. 2019;381(21):1995-2008,  Packer M et al. N Engl J Med. 2020;383(15):1413-1424, McDonagh TA et al. Eur J Heart 

Fail. 2022;24(1):4-131,  Anker SD et al. N Engl J Med. 2021;385(16):1451-1461, Solomon SD et al. N Engl J Med. 2022;387(12):1089-1098, Tamborlane WV et al. Lancet Diabetes Endocrinol. 

2022;10(5):341-350, Laffel LM et al. Lancet Diabetes Endocrinol. 2023;11(3):169-181 , Lava SA et al. In preparation. 2024



Critical Path to Drug Discovery and Development

UCL Institutional Support Approval of  
a medicinal 

product

For further details on collaborative projects: o.dellapasqua@ucl.ac.uk



Critical Path to Drug Discovery and Development



Drug-disease models: systems pharmacology

A central pillar for translational medicine

Sorger et al., NIH QSP White Paper, 2011



Dapagliflozin and empagliflozin in paediatric heart failure

• Patient involvement (survey)

• Define the dose rationale (range)

• Optimised evidence generation
– In silico modelling and simulation

– Clinical protocol design and dosage form evaluation 

– Cross-over PK trial in 12 children at GOSH, London, UK 
(4th best children hospital worldwide, one of the biggest HF and HTx programs worldwide)

o 1ary outcome: Pharmacokinetics 

o 2ary outcomes: Safety, efficacy markers

– Adaptive design for pivotal efficacy study including dynamic Bayesian borrowing

– Age-friendly formulation development (< 6 years old) 



Patient engagement



Empagliflozin PK modelling

Systematic literature review, selection of a candidate model and reproduction on a virtual 
population (with similar demographic & biological characteristics)

Mondick J et al. J Clin Pharmacol. 2018, 58(5) 640–649.



Covariate effects due developmental growth



Protocol – sample size and sampling optimisation



• Accurate identification of unmet needs, check clinical and patient relevance

• Identification of suitable doses, dosing regimen and formulation 
(once daily administration, well tolerated and efficacious in both adults with HF and adolescents with T2DM)

• Future: not only RCT’s!

• Repurposing is appealing if based on strong scientific rationale

• M&S is a pivotal instrument to assess the probability of success and mitigate 
risks

Points to consider



Perspectives 

▪  Clear development plan 
 
▪  Quantitative assessment of the probability 

of pharmacological success

▪  Integrated evaluation and prediction of 
clinical performance

▪  Evidence generation and (informed) decision 
making

http://www.pbase.com/rtwo/cartoons


Vlasakakis et al., CPT:PSP 2013; 2:e40

Pluralitas non est ponenda sine necessitate 
("Plurality should not be posited without necessity“ (William of Ockham)

Core competences
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UCL Institutional Support

Training

Development 

Collaborations

Partnerships

Collaboration, collaboration, collaboration



Research Collaborators, Postdoctoral Fellows, and Graduate Students are Welcome!

Clinical Pharmacology & Therapeutics Group 

Therapeutic Innovation Network 
Repurposing  
(https://www.ucl.ac.uk/therapeutic-innovation-networks/)

PIETRO LADDOMADA

SEBASTIANO LAVA

GIAMMARCO BAIARDI



The greatest obstacle to discovery is not 

ignorance, but the illusion of knowledge

by Daniel Boorstin

Thank you ! 
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