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Abstract

The large-scale use of social media by the population has gained the attention of stakeholders and researchers in various
fields. In the domain of pharmacovigilance, this new resource was initially considered as an opportunity to overcome
underreporting and monitor the safety of drugs in real time in close connection with patients. Research is still required to
overcome technical challenges related to data extraction, annotation, and filtering, and there is not yet a clear consensus
concerning the systematic exploration and use of social media in pharmacovigilance. Although the literature has mainly
considered signal detection, the potential value of social media to support other pharmacovigilance activities should also
be explored. The objective of this paper is to present the main findings and subsequent recommendations from the French
research project Vigi4Med, which evaluated the use of social media, mainly web forums, for pharmacovigilance activities.
This project included an analysis of the existing literature, which contributed to the recommendations presented herein. The
recommendations are categorized into three categories: ethical (related to privacy, confidentiality, and follow-up), qualita-
tive (related to the quality of the information), and quantitative (related to statistical analysis). We argue that the progress
in information technology and the societal need to consider patients’ experiences should motivate future research on social
media surveillance for the reinforcement of classical pharmacovigilance.

1 Introduction

The recent evolution of social media and the development
of new automated approaches in natural language process-
ing (NLP) and machine learning have motivated research
on the usefulness of social media for pharmacovigilance
activities. In the literature, researchers have shown interest
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in considering data extracted from the web as a new resource
for evaluating adverse drug reactions (ADRs). For example,
Medawar et al. [1] evaluated emails sent by users in reaction
to a TV program about paroxetine compared with online-
user posts concerning the same drug before the program was
broadcast. This early paper suggested considering people’s
experiences to improve drug safety and efficiency. Emerging
approaches in computer science have also reflected an inter-
est in detecting ADRs from online data. For example, Curino
et al. [2] proposed a web-mining system that uses neural
networks (a machine-learning approach) to find unknown
ADRs from web pages.

As use of the internet has evolved, it has become common
to share and exchange opinions via online platforms that we
refer to as “social media,” such as web forums, Twitter, and
Facebook. Health-related issues are now often discussed in
these online communities, including patients’ experiences
with drugs and ADRs. Schroder et al. [3] were the first to
analyze the content of social media for pharmacovigilance.
They performed a retrospective analysis of online forum
posts spanning 1 year to detect ADRs of antiparkinsonian
agents. Twitter was first explored for ADR detection by
Scanfeld et al. [4], who reviewed and grouped 1000 tweets
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The analysis of social media may be considered as an
adjunct to other data sources for certain specific pharma-
covigilance activities, even though its return on invest-
ment is questionable when performing signal detection.

The use of social media for pharmacovigilance should
consider aspects related to ethical constraints, the quality
of the information, and limitations related to quantitative
analysis.

Social media is a promising resource for the collec-
tion of nonserious adverse drug reactions that influence
patients’ quality of life and needs to be considered for
patient-oriented medicine.

to analyze misunderstandings about or misuse of antibiotics.
The analysis in these early papers was manual. Leaman et al.
[5] reported the first automatic approach to detecting ADRs
from social media in 2010. This study applied NLP and text
mining of web forum posts to compare ADRs detected in
user posts and documented ADRs.

Despite the high number of studies on the use of social
media in pharmacovigilance, none of the review papers
that evaluated these studies confirmed or refuted the utility
of systematically monitoring and analyzing user posts for
pharmacovigilance activities. For example, Golder et al.
[6] concluded that, although social media allows the identi-
fication of ADRs, the validity and reliability of these ADRs
are yet to be proven. Sloane et al. [7] shared the same con-
cern about the challenging nature of the data collected from
social media and concluded that the benefit of social media
for pharmacovigilance will depend on the technological
approach used to process the data. The scoping review of
Lardon et al. [8] showed that gaps remain in the field and
that additional studies are required to precisely determine
the role of social media in the pharmacovigilance system.
In 2018, Convertino et al. [9] highlighted the poor qual-
ity of the data from social media and did not recommend
its use in signal detection for routine pharmacovigilance,
whereas Tricco et al. [10] showed that this resource has
the potential to supplement data from regulatory agency
databases, although the utility and validity of this data
source remains understudied. Finally, Pappa and Stergiou-
las [11] showed key challenges and provided insights for
the use of social media in pharmacovigilance and expected
social media monitoring to become standard practice in
the future.
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The objective of this paper is to present findings and rec-
ommendations based on the experience of Vigi4Med, a pub-
licly funded French research project that evaluated the use
of social media, mainly web forums, in pharmacovigilance.
These recommendations apply to some or all pharmacovigi-
lance activities, i.e., ADR report management, healthcare
or patient information, surveillance, signal detection, risk
management, and regulatory actions (definitions of these
activities are in Appendix 1 in the electronic supplementary
material [ESM]).

2 Existing Recommendations and Advice

Several recommendations and advice on the use of social
media in pharmacovigilance already exist in the literature.
In 2011, Micoulaud-Franchi was the first to present advice
about the necessary evolution of pharmacovigilance during
the Web 2.0 era [12]. This author encouraged the considera-
tion of patient ADR descriptions in social media to improve
current pharmacovigilance activities. The first recommenda-
tions concerning the way social media should be evaluated
in pharmacovigilance activities were proposed in June 2016
by a think tank on “Enabling Social Listening for Cardiac
Safety Monitoring,” cosponsored by the Drug Information
Association and the Cardiac Safety Research Consortium
[13]. Although this paper suggested considering social
media as an add-on to spontaneous reports or, alternatively,
using this source independently for hypothesis generation
and signal detection, it focused mainly on the shortcomings
of these areas. Bousquet et al. [14] proposed that five main
challenges should be taken into account when working on
ADRs in social media: the quality of the information, data
privacy, the identification of relevant information, the con-
struction of a robust architecture, and the expectations of
pharmacovigilance experts.

Recently, health authorities in France and Europe started
questioning the possibility of using digital information
from the internet for pharmacovigilance activities. After
a national media-hyped crisis related to the new formula-
tion of Levothyrox®, the French health ministry set up an
expert mission to study and improve information avail-
able for patients and health professionals [15]. One of their
recommendations was to consider so-called nonofficial
resources for pharmacovigilance, such as social networks,
web forums, and blogs. It suggested that, although the utility
of these data for signal detection was still not demonstrated,
research was likely to lead to new artificial intelligence
methods that would enable social media to complement cur-
rent pharmacovigilance techniques. In Europe, the Guide-
lines to Good Pharmacovigilance Practices indicated that
“marketing authorization holders should regularly screen
the internet or digital media under their management or
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responsibility” [16]. In 2019, the Heads of Medicines Agen-
cies (HMA)/European Medicines Agency (EMA) Joint Big
Data Taskforce, within the Mobile-Health Data subgroup,
proposed medium- and high-priority recommendations and
actions for the use of social media for pharmacovigilance.
These recommendations described needed implementation,
essentially for signal detection, communication via social
media, and ethical data access and extraction [17].

Finally, the Innovative Medicines Initiative (IMI) Euro-
pean project WEB-RADR [18] established a large-scale
study to evaluate whether social media improves signal
detection relative to that based on the World Health Organi-
zation global pharmacovigilance database (VigiBase). This
project mainly used Twitter (65%) and Facebook (35%) and
focused more on quantitative than on qualitative aspects
(number of available posts vs. information available in
posts, respectively). Caster et al. [19] showed that signals
are usually detected in social media after they are detected
in VigiBase. They concluded that the use of social media,
particularly Facebook and Twitter, should not be part of rou-
tine signal detection in pharmacovigilance. This conclusion
was later included as one of the IMI WEB-RADR project
recommendations when addressing the issue of signal detec-
tion and adverse event (AE) recognition in social media [20].

All previous publications show the difficulty of provid-
ing evidence of the utility of social media in pharmacovigi-
lance. Social media currently do not seem to be a reliable
resource for specific purposes such as signal detection, but
future technologies could make a difference. The potential
utility of social media could also be evaluated for other phar-
macovigilance activities for which this resource has not yet
been explored.

In parallel to the IMI WEB-RADR project, the goal of
the Vigi4Med project was to evaluate whether the posts
from medical web forums could be used as a complemen-
tary source of information by health authorities for drug
monitoring. In France, qualitative review of individual
ADR cases is a major source for signal detection and is
historically performed by regional pharmacovigilance cent-
ers. Unlike WEB-RADR, Vigi4Med focused mainly on the
qualitative aspect of social media. The content of a series
of posts mentioning potential ADRs was analyzed for the
presence of relevant information required for characterizing
a pharmacovigilance case report. In particular, Vigi4Med
analyzed the seriousness of the ADRs and was the first pro-
ject to evaluate causality of a large number of posts based
on temporal association between the drug and the AE and
bibliographical evidence. Although the qualitative evalua-
tion concerned fewer drugs than analyzed by WEB-RADR,
analyses in the Vigi4Med project were facilitated by the use
of web forums in which user posts were not limited by the
number of characters and generally contained more context
than those in other social networks, such as Twitter.

In Appendix 1 in the ESM, we provide a non-exhaustive
summary of the main recommendations and advice from
previous publications (Table 1.1 in Appendix 1) and the
originality of our recommendations relative to the state of
the art (Table 1.2 in Appendix 1).

3 The Vigi4Med Project: Methods and Key
Findings

3.1 General Description and Methods

Vigi4Med aimed to analyze the utility of social media for
pharmacovigilance. The consortium included two regional
pharmacovigilance centers and five partners specialized in
medical informatics, automatic language processing, and
the semantic web, which set up the technical infrastructure
that allowed the retrieval, filtering, and analysis of patient
comments on web forums. The stages of the project were
as follows:

1. Selection of the web forums: the main target in this
project was French websites that host public health-
related discussion forums. They were chosen either by
an online search using Google (using the terms “drug”
AND “adverse drug reaction” OR “adverse event” AND
“forum”) or by examining the list of health websites cer-
tified by the Health On the Net Foundation in collabora-
tion with the French National Health Authority. Sites not
hosted in France, those containing fewer than ten patient
contributions or only accessible by health professionals
were excluded [21]. As a result, 21 general or special-
ized French web forums were considered in the project.

2. Data extraction and anonymization: Vigi4Med Scraper
[22], an open source software, was designed and imple-
mented to extract user posts from the selected discus-
sion forums. This software automatically handled page
flipping, data storage with semantic representation, and
anonymization of the users’ pseudonyms. It allowed the
extraction of over 60 million posts from the selected
forums.

3. Automatic detection of drugs and AEs: The imple-
mented approach used two classifiers: conditional ran-
dom fields to detect medical-related entities, and support
vector machines to detect the relationships between the
entities that form a complex medical condition. Evalu-
ation of the first classifier on a corpus of French drug
reviews (meamedica.fr) indicated precision of 0.926 and
recall of 0.849, whereas the second classifier obtained
0.683 and 0.956, respectively [23]. The loss in precision
and recall related to normalization of users’ verbatim
text (drugs and AEs) to standardized terminologies was
not evaluated.
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4. Qualitative analysis of posts and potential ADR cases:
Several drugs of interest were chosen for a “case study.”
Two complementary approaches were selected: a retro-
spective analysis of posts for two drugs with a known/
expected signal (tetrazepam and baclofen), and a pro-
spective analysis of four drugs with identified risks but
of no particular safety concern (agomelatine, duloxetine,
exenatide, and strontium ranelate).

3.2 Vigi4Med Key Findings

After data extraction and automatic annotation, we per-
formed a qualitative analysis of social media and compared
it to the data from the French pharmacovigilance database
(FPVD). Our case study consisted of evaluating the informa-
tion shared by patients in web forums and its potential utility
in pharmacovigilance for the six aforementioned drugs [21].
In total, pharmacovigilance specialists manually evaluated
5149 posts. These posts were chosen by random sampling,
manual selection, or application of the proportional report-
ing ratio (PRR) algorithm. It is important to mention that
manual review of posts is time consuming and requires
professionals qualified (or trained) in pharmacovigilance. It
only can be applied to a predefined set of drugs and a limited
number of posts.

The 1284 posts classified as potential pharmacovigilance
cases in web forums were compared with 2512 reports from
the FPVD for the same drugs. Cases from the web forums
were mostly non-serious (95.8 vs. 54.4% in the FPVD). The
mean number of reactions was the same for both sources (2.3
per case in forums vs. 2.1 in the FPVD). However, if patients
accurately described their experiences in web forums, they
used fewer categories of ADRs, mostly attached to three
main system organ classes from the Medical Dictionary for
Regulatory Activities (nervous system disorders, gastro-
intestinal disorders, and general disorders). Nevertheless,
the close analysis of all potential cases showed unexpected
adverse effects for some drugs (24.2 vs. 17.1% in the FPVD),
e.g., inefficacy and worsened condition with the two antide-
pressants (agomelatine and duloxetine), a withdrawal syn-
drome with agomelatine, abuse with tetrazepam, and alope-
cia and nail disorders for baclofen. Two reactions (alcohol
abuse and impulse-control disorder) were associated with
agomelatine but could also be associated with the indication
of the antidepressant. Finally, we also retrieved informa-
tion about potential drug misuse, e.g., agomelatine used for
insomnia, baclofen for eating disorders, and exenatide for
weight loss.

The analysis of posts associated with the six drugs
selected for this study showed a significant number of AEs
that are (1) non-serious but affect patient quality of life and
(2) usually not reported by health professionals. Based on
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these observations, we concluded that web forums can be
a useful source to investigate ADRs that affect the patient
quality of life and medication adherence. Our experience
in quantitative analysis was limited to a single study on
signal detection with baclofen, in which we did not evalu-
ate whether the signals were detected before or after their
detection in the FPVD [24]. However, one major finding
of this study was the need to account for the various ways
that patients mention drugs in web forums. Indeed, add-
ing lexical variations of “bacloféne” (French spelling for
baclofen) such as “baclo,” “Baklo,” or “Baclofen” led to the
detection of 40,158 additional drug—AE couples compared
with searching with only the exact match “baclofene.”

In another study, we analyzed the most often-mentioned
drugs in user posts, their correlation with the most highly
prescribed drugs in France, and whether the evolution of
the frequency of drug mentions over time corresponded to
events reported in the traditional media [25]. The aim of this
investigation was to evaluate the potential of social media
for postmarketing studies. As suggested by Bate et al. [26],
such investigations could help “identify the best uses of
these data for pharmacovigilance, including which patient
populations, outcomes, or medicines are best suited to using
social media for signal detection.” Our analysis showed that
the most discussed drugs in these online communities in
France are those generally prescribed to young women (such
as oral contraceptives). Our comparison of the most often-
mentioned drugs in social media versus the most prescribed
drugs in France showed a discrepancy. This result might
have important consequences in constraining the scope of
studies to drugs that are the most frequently mentioned and
to the populations that primarily use them rather than broad-
ranging studies. Furthermore, we analyzed the frequency
of the mentions of baclofen, Champix® (varenicline) and
Mirena® (a copper intrauterine device) from July 2007 to
May 2015 and compared the evolution of mentioning the
“old” versus “new” generations of combined oral contra-
ceptives in these forums. This analysis showed that the fre-
quency of a drug mention was highly influenced by news-
casts and popular events in the media. Our study revealed the
need to consider the ambiguity in patient language and the
choice of web forums, depending on the drug being studied.

Recently, we explored user posts in a forum of patients
requiring thyroid hormone therapy to check whether the
health crisis concerning the new formulation of Levothyrox®
in France could have been anticipated [27]. Our preliminary
analyses on the frequency of AE mentions in posts related
to Levothyrox® showed an increase in the frequency of non-
serious AEs during the period corresponding to the crisis.
A huge rise in spontaneous reports to the pharmacovigi-
lance network was observed in parallel. However, a specific
analysis of the temporality of reports must be performed to
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evaluate the potential use of social media as a precocious
signal [27].

In addition to web forums, the project conducted an ancil-
lary study of Twitter [28], in which 10,534 tweets were
extracted using the streaming application programming
interface (API) and manually analyzed by the two pharma-
covigilance regional centers. Among these tweets, 8.05%
mentioned an ADR but no personal experience; 2.74% (289
tweets) could be considered valid case reports, as they met
the four minimum criteria (i.e., an identifiable patient, an
identifiable reporter, at least one suspect drug, and at least
one suspect ADR). Among these 289 potential case reports,
20 (7.27%) mentioned an unexpected ADR, i.e., they were
not documented in the corresponding French summaries of
product characteristics available during the study period,
and nine mentioned an ADR not reported in the standard
reference Martindale and Drugdex databases or FPVD (e.g.,
“macular degeneration” with rivaroxaban, “gynecomastia”
with ustekinumab). In this study, we highlighted interest in
using Twitter as a complementary resource in pharmacovigi-
lance, the technical challenges in extracting potentially rel-
evant data from this source (e.g., misspellings, use of abbre-
viations), and the difficulty of causality assessment, mainly
because of restriction on the length of tweets.

4 Methodological Approach to Writing
the Recommendations

The recommendations presented in this paper were estab-
lished using the following approach. First, four pharma-
covigilance professionals (FB, MNB, ALL, and CB) from
the Vigi4Med consortium located in three distinct sites inde-
pendently drafted recommendations concerning the use of
social media for pharmacovigilance purposes based on their
experiences in the project. A shared document containing all
the proposed recommendations was then exchanged among
the professionals, allowing them to modify or confirm the
recommendations. In case of disagreement, a consensus was
established through direct discussions. Then, a computer-
science researcher from the Vigi4Med consortium (BA) re-
examined the recommendations from a neutral point of view.

With this new vision, all the authors worked on refor-
mulating the recommendations, clarifying and organizing
them into three areas: ethical, qualitative, and quantitative.
In addition to improving the presentation, the choice of these
areas aimed to draw attention to the critical aspect of pro-
tecting user privacy, in accordance with recent European
legislation, and the importance of qualitatively evaluating
[29] the information when analyzing social media for phar-
macovigilance. Indeed, most previous studies focused on
the quantitative aspect (number of posts), mainly for signal
detection. Nevertheless, clinical review of case reports is

still necessary to validate suspected signals, assess causality,
and evaluate the potential impact of social media on decision
making [21].

5 Recommendations Concerning the Use
of Social Media in Pharmacovigilance

The recommendations related to each of the three axes (ethi-
cal, qualitative, and quantitative) are presented in tables con-
sisting of four columns. Recommendations and their ration-
ales appear in the first and second columns, respectively.
The last column (activity) shows the pharmacovigilance
activity(ies) to which the recommendation applies, and the
column “rationale source” can include one or more of the
following values:

e E: if the rationale is based on a confirmed experience
from the Vigi4Med project.

e L. if the literature contains evidence that supports the
rationale.

e O: if the recommendation represents our opinion. In this
case, the rationale is based not on empirical findings
but on observations from our preliminary experience or
theoretical arguments from the literature with insufficient
evidence.

Certain recommendations in this section are “practical”
for the use of social media as a resource in specific pharma-
covigilance applications. Others aim to give directions for
future research in pharmacovigilance activities for which,
in our experience, the use of social media has not been suf-
ficiently explored.

5.1 Ethics and Data Protection

Ethical and data protection aspects to apply for the use of
public social media data are related to privacy, confidential-
ity, and follow-up restrictions. In the EU, the General Data
Protection Regulation (GDPR) [30] (applied since 25 May
2018) imposes several rules to consider for any process that
involves personal information, including health data. Phar-
macovigilance organizations for which the GDPR does not
apply should consider their own national legislation. Table 1
shows our recommendations for the ethical aspects of the use
of social media in pharmacovigilance.

5.2 Qualitative Aspects
From a qualitative point of view, any missing information
hinders the assessment of causality and the usefulness of

the case, regardless of the data source. This is particularly
true for topics of high interest in pharmacovigilance (drug
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Table 1 Ethical recommendations for the use of social media in pharmacovigilance

Recommendation

Rationale

Rationale source® Activity

Data processing must respect the applicable data protec-
tion legislation

Computer architecture must limit the risk of data loss
and hacking

Evaluation by legislation experts is required to deter-
mine whether contacting social media users is legal
for life-threatening situations or when follow-up could
provide essential information for highly important
signals

The new European legislation emphasizes the impor- L
tance of considering privacy

Some parts of the GDPR should be accounted for
when working with data extracted from social media.
Although these data are manifestly made public by
their authors, user consent concerning the extraction
and analysis of their data [31] remains an issue, and
respecting their privacy is a priority that should be
considered [13, 17]

Enforcing privacy is technically possible using L
anonymization and controlled access

The risk of data loss and hacking is considered in sev-
eral international legislation regulations. For example,
the Data Protection Impact Assessment (article 35 of
the GDPR) in the EU is required for systematic moni-
toring of public areas [30]

While systematic follow-up is not feasible, obtain- L+0O
ing more information may be ethical in rare cases,
but extensive legal evaluation is required to avoid
violating privacy

In the classical pharmacovigilance procedure, “The
primary source of the information on a suspected
adverse reaction(s) is the person who reports the facts,
healthcare professionals and/or a consumer” [16]. In
this context, the reporter allows pharmacovigilance
professionals to ask for any supplementary informa-
tion when needed, which is not feasible on social
media unless contacting the user [32, 33]. Although
Brosch et al. [34] from the WEB-RADR consortium
did not advise follow-up with social media users, our
experience in the Vigi4Med project showed that the
possibility of contacting the authors of posts in social
media should be considered in certain cases, such as
for posts containing life-threatening ADRs, high-risk
drug exposure (exposure during pregnancy, misuse,
etc.) or serious unexpected ADRs without documenta-
tion. Nevertheless, the consent of social media users
for the follow-up procedure is critical from an ethical
point of view [35]

All

All

All

ADR adverse drug reaction, GDPR General Data Protection Regulation

4‘E’ indicates experience from the Vigi4Med project, ‘L indicates evidence from the literature, ‘O’ indicates authors’ opinion

exposure during pregnancy/breastfeeding, drug misuse, or
drug adherence). Table 2 shows our recommendations for
the use of social media in pharmacovigilance from such a
qualitative point of view.

5.3 Quantitative Aspects

Quantitative aspects are related to all statistical analyses on
social media for pharmacovigilance, such as counting the
frequency of drug or event mentions in forums, time series
analysis, and signal detection. Social media are considered
to be valuable for pharmacovigilance if they (1) allow detec-
tion of signals before they appear in the usual data sources
or (2) provide additional information about adverse drug
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events that are unexpected or poorly documented. Table 3
shows our recommendations for the use of social media in
pharmacovigilance from the quantitative point of view.

6 Discussion

In this paper, we aimed to share recommendations concern-
ing the use of social media in the current practice of pharma-
covigilance based not only on our experience in Vigi4Med
but also on an extensive analysis of the literature. We believe
that these recommendations could be useful for (1) research-
ers in computer science and information technology who
need to account for pharmacovigilance expectations when
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implementing frameworks for the use of social media and

3 (2) stakeholders in pharmacovigilance. We propose new
o :5 perspectives for research that have not yet been addressed
IS g or have not received sufficient attention. We consider that
2|3 future research on specific pharmacovigilance issues should
% be transferred in operational settings in the same way signal
% detection was eventually implemented in pharmacovigilance
; activities. For example, social media could be evaluated for
S o topics such as quality of life, drug misuse, and drug expo-
E : sure in pregnancy and breastfeeding. We clarified the added

value of social media and how it can be used successfully to
support various pharmacovigilance activities. We identified
three critical themes: addressing ethical issues, the impor-
tance of considering data quality and patients’ expectations,
and the limited advantage of social media for statistical sig-
nal detection using existing approaches.

Although most published studies have focused mainly
on the quantitative aspect, the Vigi4Med project analyzed
the content of a large number of posts, allowing us to draw
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Our position, based on our experience in the Vigi4Med
project, is to support the WEB-RADR conclusions concern-
ing the globally low quality of social media data for signal
detection. We agree that the return on investment of analysis
of social media is questionable when performing quantita-
tive signal detection. However, we believe that the use of
social media is inevitable and a promising method for con-
sidering the complaints and feelings of users that may not be
a priority for health professionals. In addition, information
from social media could be used to analyze the misuse of
drugs by the population and how online users influence or
react to medical hot topics and new health products. Further
research to improve the automatic detection of drugs, dis-
eases, events, and feelings, based on machine learning and
NLP, is thus merited [81].

Some limitations regarding generalization of recommen-
dations cited in this paper should be considered. For exam-
ple, we did not account for duplicate detection or evaluate
whether our automatic annotation detected both rare and
common AEs. In addition, we did not evaluate the tempo-
rality of social media relative to that of classical pharma-
covigilance sources: it is important to know whether certain
signals from social media may appear earlier and therefore
allow for more reactive analysis and regulatory action. Nev-
ertheless, although data extracted and used in the Vigi4Med
project were mainly limited to one type of social media (web
forums) and restricted to France, our conclusions were sup-
ported by the large number of posts collected from several
web forums and manually analyzed by physicians and phar-
macists trained in pharmacovigilance.

We believe that any future studies on social media should
consider the rapidly growing volume of data and the tech-
nical challenges of extracting and annotating such data.
Generalization of our recommendations requires additional
experience on use cases that consider large sets of drugs and/
or diseases. Future research should also focus on patients’
perspectives and opinions about drugs and how medical
treatment affects their quality of life.
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