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Abstract 

The value of social media data for Adverse Drug Reaction 

(ADR) monitoring is actively investigated. While social media 

provide a vast amount of data, these data are hard to analyse 

due to their unstructured nature and lack of credibility. Despite 

these challenges, social media have been identified as a poten-

tially useful data source, potentially able to “strengthen” the 

evidence for new ADRs. To this end, PVClinical project aims to 

build a platform facilitating the investigation of multiple heter-

ogeneous data sources, including social media, to support 

pharmacovigilance (PV) processes, both in the clinical envi-

ronment and beyond. In this study, we present the PVClinical 

Twitter workspace, also highlighting the rationale behind the 

main design choices, while also discussing the respective chal-

lenges. 
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Introduction 

Pharmacovigilance (PV) is defined as “the science and activi-

ties relating to the detection, assessment, understanding and 

prevention of adverse effects or any other drug-related prob-

lem”[1] aiming to mitigate the impact of Adverse Drug Reac-

tions (ADRs). As ADRs cause a significant clinical and eco-

nomic burden [2], PV is a highly regulated domain [3] and also 

a domain of active research in terms of exploiting data and “in-

telligent” computational approaches [4][5][6][7]. To this end, 

Information and Communication Technologies (ICT) are vital 

for the collection, assessment and analysis of the respective 

data. 

Typically, potential new or undocumented ADRs, called “ADR 

signals”, are captured via Spontaneous Reporting Systems 

(SRS). SRSs are used to collect Individual Case Safety Reports 

(ICSRs), submitted by healthcare professionals or patients [8]. 

Beyond SRSs, new “emerging” data sources are investigated to 

expand the PV related data space. To this end, social media 

have been identified as one of the data sources which could (at 

least in principle) provide unsolicited, real time, user-generated 

information about suspected medication side-effects.  

While obviously social media come with inherent limitations 

(e.g. data biases, credibility etc.), they could play a complemen-

tary role acting either as an early warning system for potentially 

new ADR signals (“proto-signals”) [9][10] or as a validation 

source for candidate signals from other PV sources [11], or 

even providing a “profiling” of ADRs in terms of their relation 

 
1 https://web-radr.eu/web-radr2/  
2 https://pvclinical-project.eu/  

with patients potential lifestyle. Based on the above, regulatory 

organizations have produced guidelines on how unsolicited re-

ports of ADRs collected from social media such as Twitter 

should be handled for PV purposes [12].  

Notably, the WEB-RADR and WEB-RADR 2 projects1 ex-

plored the use of social media for drug safety monitoring sce-

narios and have published recommendations for the integration 

of social media for PV purposes [13] and guidance regarding 

related data collection good practices [14]. Furthermore, in the 

context of these projects Adverse Events (AE) recognition tasks 

were elaborated [15] and an evaluation/benchmarking dataset 

was published to facilitate the evaluation and the comparison of 

relevant algorithms and ICT tools [16].  

The PVClinical project2 aspires to build an ICT platform, i.e. a 

web application, aiming to support PV processes in clinical en-

vironment and beyond, exploiting Knowledge Engineering 

(KE) as its main technical paradigm [17]. Based on the identi-

fied User Goals, the PVClinical platform integrates various het-

erogeneous sources of information (FDA - FAERS, PubMed, 

Twitter and Electronic Health Record data) [18]. 

In this paper, we present PVClinical’s Twitter workspace col-

lecting, storing and facilitating the analysis of user-generated 

data to support the investigation of specific ADRs. We empha-

size on the methodological choices during the design of the spe-

cific workspace, while also depicting the challenges faced dur-

ing the integration of such a data source in a PV tool. 

Methods 

According to the main PVClinical platform’s rationale, the end-

user defines an “investigation” scenario, namely the Drug-

Event Combination (DEC) corresponding to the specific ADR 

under investigation. Well defined and widely accepted termi-

nologies available in RDF format, i.e. ATC for drugs and 

MedDRA for adverse reactions are used to define the DEC con-

cepts, and the terminological search space is “expanded” via 

potential synonyms. 

The Twitter workspace per se, collects data using a home de-

veloped software module [19], already utilized to analyze data 

for other public health scenarios [20]. Upon the collected 

tweets, Natural Language Processing (NLP) and interactive vis-

ualization techniques are employed. The collected tweets, 

hashtags and key influencers are presented in a longitudinal 

fashion, using analytics based on RShiny framework3 

In order to effectively address the challenges of using social 

media for PV monitoring, the outcomes of the IMI WEB-

3 https://shiny.rstudio.com/ 
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RADR4 project have been used as guidelines [13]. More specif-

ically, the recommendations employed regarding the use of so-

cial media use as part of ADR signal investigation processes 

can be summarized as following: 

R1. Social media should not be used as a source of ICSRs. 

R2. Facebook and Twitter are currently not worthwhile to em-

ploy for the purpose of broad-ranging statistical signal detection 

at the expense of other PV activities. 

R3. Future research should explore the value of social media as 

a source of information for additional cases in signal refine-

ment/evaluation of ADRs that may significantly affect a pa-

tient’s quality of life. 

R4. If social media is considered for use in PV, it is recom-

mended that a prior assessment of the absolute and relative 

number of available posts related to the drug and/or event of 

interest in different online sources is made in relation to its in-

tended use. 

R5. Further research should be carried out to determine whether 

there is value in social media data for niche areas of PV. 

R6. Consider using a predictive algorithm to identify and elim-

inate from the search query any medicinal product names with 

high levels of ambiguity to optimize time efficiency and, where 

applicable, cost effectiveness. 

Results 

In order to demonstrate the respective implementation, we pre-

sent snapshots of data collection regarding a vaccine which has 

recently gained publicity due to COVID-19 pandemic and the 

discovery of very rare incidences of unusual blood clots [21].  

Real-time analytics can be presented in an ad-hoc function  

once the collection process has started and the user can stop the  

 
4 https://web-radr.eu/web-radr2/  

collection process at any time. The main overview of the col-

lected tweets is presented in an aggregated timeline along with 

relevant metrics such as the total number of tweets, the number 

of retweets, the duration of the collection process and the daily 

rate of tweets collected, through an interactive timeline visual-

ization (see Figure 1). Moreover, the user has the option of ex-

ploring the actual raw data in a “drill-down” fashion and search-

ing among the entire dataset for specific terms using regular ex-

pressions (Figure 2). 

Moreover, hashtags have been identified as a communication 

token emerging as a “special” communication artifact heavily 

used in the social media context, worth being analyzed inde-

pendently. More specifically, in Twitter, hashtags are widely 

used as an indicator of a specific discussion topic and can be 

used to track discussion trends over time. To this end, the track-

ing of popular hashtags could enhance the understanding of the 

trending topics related with a specific ADR; Using an interac-

tive aggregated streamgraph, the user can inspect and sepa-

rately highlight the top hashtags in real time as seen in Figure 3. 

Finally, in order to identify any accounts that post heavily about 

a specific DEC, the user can consult a Treemap visualization of 

the most active accounts for each scenario’s collected tweets. 

Discussion 

The potential benefits and the challenges of the use of social 

media for drug safety purposes are actively investigated. Their 

value is mostly related to the vast amount of available data and 

their time-evolving nature enabling the identification of poten-

tial longitudinal trends. However, still there are not yet convinc-

ing results that these data could be used to identify ADR sig-

nals. Therefore, social media are considered a data source 

which could act in a complementary fashion along other data 

sources, e.g. SRSs. 

 

Figure 1 – Interactive timeline visualisation of collected Twitter data. 
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WEB-RADR recommendations for the use of social media in 

PV, guided the development of the presented module of the 

PVClinical platform workspace. Analyzing the compliance of 

the presented module with the respective recommendations, the 

following remarks could be made: 

R1. While ICSRs are actively used in the PVClinical platform 

as part of another workspace (out of this paper’s scope), tweets 

are clearly separated and managed in a different manner, using 

different statistic metrics and analytical tools, clearly highlight-

ing that they are not and should not be considered of the same 

value like ICSRs. 

R2. Indeed, no disproportionality analysis metrics are used, and 

no signal detection algorithms are applied on the Twitter data. 

The collected data are presented complimentary to other data 

(e.g. SRS data) which are part of other workspaces (out of the 

current paper’s scope) and therefore they should be interpreted 

accordingly. 

 

Figure 2 – Raw data exploration and advanced search using regular expressions within the Twitter workspace. 

 

Figure 3 – Hashtags Streamgraph in the Twitter Workspace. 
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R3, R5. The presented workspace aims to facilitate the explo-

ration of the specific data source in the context of PV usage 

scenarios, via descriptive analytics. Moreover, beyond the 

quantitative statistics, there is also the ability to drill down on 

each tweet and explore its special characteristics (time, date, if 

it is a retweet or not, user etc.). This process could support the 

qualitative evaluation of the collected data, beyond signal de-

tection.  

R4. As part of the PVClinical platform, other online sources 

(i.e. SRS data provided via OpenFDA platform) are used to pro-

vide insights regarding the DEC under investigation. 

R6. Using “predictive” algorithms on social media data was 

considered out of the presented tool scope. Given that the pre-

sented tool is going to be pilot tested in both clinical and non-

clinical settings, the investigation of such “predictive” algo-

rithms are actually part of the “research” line of the project and 

not the presented tool. 

In terms of future work, “intelligent” algorithms are actively 

investigated not only in terms of predictive algorithms but also 

in terms of “fake news” prevention. Furthermore, a pilot testing 

of the application is planned, also focusing on usability aspects. 

Conclusion 

The use of social media for PV purposes comes with many chal-

lenges but also with wide potential. PVClinical platform pro-

vides a gateway to integrate Twitter data along other data 

sources following a recommendations-based approach, aiming 

to support PV activities in both clinical and non-clinical con-

text. 
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