
GNB2023, June 21st-23rd 2023, Padova, Italy 

 
1 

Abstract— SAveRUNNER is a recently developed network-

based tool to efficiently identify novel medical indications for 

currently approved drugs (known as drug repurposing 

strategy). Up to now, SAveRUNNER has been gainfully applied 

to unveil repurposable solutions for several diseases, including 

viral infection (e.g., SARS, COVID-19, HIV, Malaria, Ebola), 

breast cancer, progressive disorders of central nervous system 

(e.g., Amyotrophic Lateral Sclerosis, Multiple Sclerosis), and 

other neurodegenerative diseases (e.g., Alzheimer’s Disease). 

Here, SAveRUNNER algorithm and its main applications are 

described. 

Keywords— Network Theory, Network Medicine, Drug 

Repurposing. 

I. INTRODUCTION 

rug repurposing represents an effective drug discovery 

strategy to find new uses from existing drugs out of the 

scope of their original medical indication, which can shorten 

the time, reduce the cost, and increase the success rate of 

molecular entities compared to the traditional de novo drug 

discovery [1]. 

In this context, we recently developed a network-based 

algorithm, called SAveRUNNER (Searching off-lAbel dRUg 

aNd NEtwoRk) [2], [3], which predicts new uses for already 

approved drugs by exploiting concepts from the emerging 

field of Network Medicine [4]. According to the Network 

Medicine paradigm, the human interactome network (i.e., the 

cellular network of all physical molecular interactions) [5] 

can be considered as map, where the molecular determinants 

of a given disease (disease genes) tend to co-localize and 

agglomerate in specific regions (disease modules), whose 

perturbation can contribute to the manifestation of the 

pathophenotype [4]. In this perspective, even the action of a 

drug can be considered as a local perturbation of the human 

interactome and thus, for a drug to be effective against a 

specific disease, its target proteins should be in the immediate 

vicinity of the corresponding disease module [6]. Following 

these principles, SAveRUNNER predicts drug-disease 

associations by quantifying the interplay between the drug 

targets and the disease-associated genes in the human 

interactome through the computation of a novel network-

based similarity measure, which prioritizes associations 

between drugs and diseases located in the same network 

neighbourhoods. 

In the last two years, SAveRUNNER has been 

acknowledged as promising tool to find drugs repurposable 

opportunities for several diseases (Fig. 1). In particular, the 

pioneer application was for predicting repurposable drugs 

against COVID-19 [3], [7]. In the same study, we also 

analyzed other related diseases linked to the COVID-19 

infection as genetic similarity (i.e., Severe Acute Respiratory 

Syndrome - SARS), as risk factors (e.g., cardiovascular 

diseases, diabetes mellitus), or other viral infections (i.e., 

malaria, HIV and Ebola), and immune disorders (i.e., 

rheumatoid arthritis) [3]. More recently, it has been 

successfully applied to identify candidate repurposable drugs 

also for Amyotrophic Lateral Sclerosis (ALS) [8], Multiple 

Sclerosis (MS) [9], breast invasive carcinoma subtypes [10], 

and neurodegenerative diseases, such as Alzheimer’s Disease 

(AD) [11] (Fig. 1). In all these studies, SAveRUNNER 

turned out as a novel promising tool for an efficient screening 

of the repurposable opportunities, outlining where looking at 

for further ad-hoc experimental validations. 

 

 

Fig. 1. Overview of SAveRUNNER applications. Each panel corresponds to a 

different study, where the drug-disease network computed by SAveRUNNER was 
shown. In these networks, nodes refer to drugs (smaller nodes) and diseases of 

interest (bigger nodes), and a link occurs between a drug and a disease if their 

corresponding drug-target proteins and disease-associated genes are proximal in the 
human interactome more than by chance. The link is weighted according to the 

novel network-based similarity measure implemented by SAveRUNNER [3]. 

II. METHODS 

A. Input data 

1) Human interactome network 

The human interactome used in all the SAveRUNNER 

applications was downloaded from [6], including 217,160 

interactions connecting 15,970 unique proteins.
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Fig. 2. Overview of SAveRUNNER algorithm [2], [3]. Taking as input a list of disease genes, drug targets, and the human interactome, SAveRUNNER 

releases a drug-disease network via six steps. In steps 1-3, it builds a proximity-based bipartite drug-disease network, where nodes are both drugs and diseases 
and edges are the statistically significant drug-disease associations. In steps 4-7, it builds a similarity-based bipartite drug-disease network, where the weights 

represent the adjusted similarity measure computed to prioritize the predicted drug-disease associations by rewarding the associations between drugs and 

diseases belonging to the same network cluster. 

2) Disease gene associations 

Disease-associated genes were retrieved from Phenopedia 

(last release April 2020) [12] and DisGeNET (last release 

October 2021) [13], two of the most popular and largest 

publicly available collections of disease genes obtained by 

integrating and homogeneously annotating data from expert-

curated repositories and GWAS catalogues. For one of 

SAveRUNNER application to COVID-19 [7], transcriptomic 

data from whole blood cells of patients with COVID-19 was 

retrieved from GEO repository (GSE152641) and 

differentially expressed genes between infected cells and 

heathy controls were used as disease genes. Yet, for 

SAveRUNNER application to breast cancer subtypes [10], 

due to a poor knowledge of the genes associated with each 

subtype, transcriptomic data from patients affected by breast 

invasive carcinoma was retrieved from The Cancer Genome 

Atlas (TCGA) repository and stratified according to PAM50 

classification [14]. Then, a list of genes (known as switch 

genes) previously identified by SWIM software [15] as likely 

associated to each subtype were used as disease genes [14]. 

3) Drug-target interactions 

Drug-target interactions were retrieved from DrugBank 

[16] (5.1.6 release of April 2020), the most acknowledged 

database about drugs information and drug-target 

interactions. The targets’ Uniprot IDs provided by DrugBank 

were mapped to Entrez gene IDs by using the BioMart – 

Ensembl tool (https://www.ensembl.org/), obtaining a total of 

2,165 genes interacting with 1,873 drugs.  

B. Algorithm 

SAveRUNNER algorithm takes as input the human 

interactome, a list of disease-gene associations related to 

disease(s) of interest, and the list of drug-target interactions 

and, via the implementation of several steps depicted in Fig. 

2 and detailed in [2], [3], gives as output a weighted drug-

disease bipartite network.  

In the network released by SAveRUNNER, nodes are 

drugs and diseases, and a drug and a disease are connected if 

the corresponding drug targets and disease genes are closer in 

the interactome than expected by chance (p-value ≤ 0.05). 

The weight of their association is based on the 

implementation of a novel network-based similarity measure, 

known as adjusted similarity (AS), defined in Eq. (1). 

 

       (1) 

 

In Eq (1), p refers to the network proximity measure 

described in Eq. (2) [6]. 

 

      (2) 

where p(T,S) represents the average shortest path length 

between drug target t in the drug module T and the nearest 

disease gene s in the disease module S; QC is a quality cluster 

score that rewards associations between drugs and diseases 

located in the same network cluster; m is max(p); c and d are 

the steepness and the midpoint of AS(p), respectively. A 

comprehensive description of SAveRUNNER methodology 

can be found in [2], [3]. 

C. GSEA 

To test whether the repurposable drugs predicted by 

SAveRUNNER could counteract the gene expression 

perturbations caused by the disease of interest (i.e., up-

regulate genes down-regulated by the disease or vice versa), 

the so-called gene set enrichment analysis (GSEA) was 

downstream performed [3] in most of the studies. This 

analysis takes as input: (i) differentially expressed genes of 

the understudied disease (generally obtained by GEO or 

TCGA repository) to use as disease signature; (ii) 

differentially expressed genes of drug-treated human cell 

lines (obtained by Connectivity Map (CMap) database [17]) 

to use as drug signature. For each drug both included in the 

CMap database and predicted by SAveRUNNER, an 

enrichment score (ES) was computed to evaluate whether the 

effect of the drug could counteract the effect of the disease 

(ES < 0, drug and disease signature negatively correlated) or 
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not (ES > 0, drug and disease signature positively correlated) 

[17]. For each tested drug, a GSEA score equal to 1 was 

assigned if that drug was found to have ES < 0 with respect 

to a given disease, or equal to 0, otherwise. By repeating this 

procedure for several independent disease signatures, the 

final GSEA score ranges from 1 to n (with n is the total 

number of disease signatures tested): the greater the GSEA 

score, the greater the number of disease datasets satisfying 

this criterion. 

III. RESULTS 

A. COVID-19, SARS, and other related diseases 

SAveRUNNER was first applied to COVID-19 and a panel 

of 14 diseases COVID-related for genetic similarity, 

comorbidity, or for their association to drugs with ongoing 

clinical trials for treating COVID-19 patients [3]. In 

particular, we tested: SARS, as it is caused by the 

coronavirus with the highest sequence identity with SARS-

CoV-2 [18] and there existed a well-established knowledge 

of its associated disease genes; diabetes, cardiovascular 

diseases, and hypertension, whose comorbidity in COVID-19 

patients was observed; and finally other viral infections (i.e., 

malaria, HIV and Ebola) and immune disorders (i.e., 

rheumatoid arthritis), since drugs approved for their treatment 

were investigated for their potential effect to fight 

coronavirus disease [19]. In this study, SAveRUNNER 

prioritized 282 potential anti-SARS repurposable drugs and 

98 anti-COVID-19, including ACE-inhibitors, monoclonal 

antibodies, and thrombin inhibitors that were further in-silico 

corroborated by GSEA, considering drug-treated cell lines 

from CMap and coronaviruses-induced transcriptomics data 

from GEO repository. 

SAveRUNNER was also used to study COVID-19 starting 

from differentially expressed genes obtained by exploiting 

transcriptomic data from COVID-19 infected patients and 

healthy control samples [7]. In this study, SAveRUNNER 

identified 399 repurposable drugs for COVID-19, whose top-

ranked ones were molecules involved in the modulation of 

the coagulation system (e.g., heparin and tranexamic acid), 

antihistaminic drugs, mast cell stabilizers (e.g., 

chlorzoxazone and chlorpheniramine), anti-proliferative 

drugs including tyrosine kinase (TRK) inhibitors and 

antibiotics (e.g., larotrectinib and ciprofloxacin), alpha-

adrenergic receptor agents (e.g., clonidine and prazosin); 

drugs affecting the central nervous system (e.g., perfenazine 

and droperidol), and inhibitors of the sodium voltage-gated 

channel alpha subunit 5 (SCN5A) involved in cardiac rhythm 

control (e.g., propafenone and prilocaine). 

B. Amyotrophic Lateral Sclerosis and Multiple Sclerosis 

SAveRUNNER was applied to study ALS [8] and MS [9]. 

In both cases, by prioritizing the network-predicted drugs 

according to the decreasing value of their network similarity 

with ALS and MS, SAveRUNNER highlighted some 

interesting drug modulators of histamine receptors. The 

expression of histamine receptors were shown to increase in 

cortical tissues of patients affected by MS [9], thus 

suggesting that histamine-related molecules can be potential 

therapeutic strategies for the disease. Moreover, it has been 

shown that the histaminergic modulation might participate to 

the mechanisms of ALS insurgence, progression, and therapy 

as well, since other studies found that histamine-related genes 

could be modifiers in ALS, and thus supporting their role as 

candidate biomarkers and therapeutic targets [20]. The 

histaminergic compounds predicted by SAveRUNNER were 

also in-silico-validated by GSEA analysis, considering drug-

treated cell lines from CMap as drug signatures, and three 

different datasets of transcriptomics data of cortex tissues 

from patients affected by ALS [8] and MS [9] collected from 

GEO repository as disease signatures for ALS and MS, 

respectively. 

C. Breast cancer subtypes 

SAveRUNNER was applied to study four subtypes of 

breast invasive carcinoma stratified based on PAM50 

classification (i.e., luminal A, luminal B, Her2-enriched, and 

basal-like) [10]. In this study, SAveRUNNER predicted: (i) 

74 repurposable drugs for luminal A, including as top-ranked 

teniposide that has been studied as suppressor of the growth 

of subcutaneous cell lines of luminal A (MCF-7) [21]; (ii) 54 

repurposable drugs for luminal B, including as top-ranked 

ivabradineI, recently repurposed as a novel therapy for breast 

cancer [22]; (iii) 79 repurposable drugs for HER2-enriched, 

including as top-ranked several compounds for the treatment 

of bacterial infections; and (iv) 77 repurposable drugs for 

basal-like, whose top-ranked one was metergoline, acting as 

antagonist of certain subtypes of 5-HT receptor, which has 

been showed to induce cell proliferation of triple-negative 

breast cancer via 5-HT7 receptor signaling [23]. Yet, the 20% 

of the total predicted drugs have also an indication originally 

related to cancer treatment, including dexrazoxane, 

ixabepilone, capecitabine already approved for fighting 

breast cancers. Most of the predicted repurposable drugs 

were also in-silico-validated by GSEA, considering breast 

cancer drug-treated cell lines from CMap as drug signatures 

and transcriptomics data of breast cancer patients from 

TCGA as diseases signature.  

D. Neurodegenerative diseases 

SAveRUNNER was applied to study AD and other 13 AD-

related disorders, including Mild Cognitive Impairment 

(MCI), which is the stage between the expected cognitive 

decline of normal aging and the more serious decline of 

dementia, other neurological diseases (i.e., Parkinson’s 

disease, Huntington disease, supranuclear palsy progressive, 

and Lewy body disease), and other diseases that can be 

symptoms, risk factors, or consequences of AD (i.e., 

language disorders, memory disorders, visual pattern 

recognition, executive dysfunction, choice behavior, 

cardiomyopathy, amyloid neuropathies). SAveRUNNER 

predicted some interesting compound belonging to the family 

of: (i) beta-blockers, including betaxolol, originally used for 

hypertension treatment and already linked to a lower risk of 

developing AD [24]; (ii) multi-kinase inhibitors, including 

regorafenib, whose beneficial effects were recently 

investigated on neuroinflammation and AD pathology in 

vitro and in vivo [25]; (iii) anti-platelet inhibitors, including 

clopidogrel, whose therapy has been associated with lower 

risk of developing AD and whose anti-inflammatory effect 

has been recently studied in in-vivo model of AD [26]; and 

mTOR inhibitors, including sirolimus, an 

immunosuppressant drug used in transplantation medicine to 

prevent organ rejection, whose modulation could have 
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potential application to delay memory loss and age-related 

neurodegenerative diseases [27]. All these compounds were 

also corroborated by GSEA, considering neural drug-treated 

cell lines available from CMap as drug signatures and three 

different datasets of transcriptomic data from brain tissues of 

patients affected by AD from GEO as disease signature. 

IV. CONCLUSION 

We presented an overview of SAveRUNNER, a network-

based approach that offers a promising framework to 

efficiently detect putative novel uses for marketed drugs 

against diseases of interest. We reviewed its main 

applications, including but not limited to viral infections, 

breast cancer, and neurodegenerative progressive disorders. 
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