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Abstract. Web forums are proposed as a new complementary source of knowledge
to spontaneous reports by patients and healthcare professionals due to
underreporting of adverse drug reactions (ADRs). Some authors suggest that signal
detection could be a convenient method for gathering mentions of ADRs in patients’
posts. Signal detection methods were proposed to mine pharmacovigilance
databases, but little is known about their applicability to web forums. We describe
a method implementing several traditional decision rules on signal detection with
baclofen applied to a set of more than 6 million posts. We then cross-validated four
unexpected signals applying a logistic regression method. Most adverse effects
(AEs) described in the summary of product characteristics of baclofen were detected
by signal detection methods. Some unexpected AEs were too. Therefore, web
forums are confirmed as a complementary resource for improving current
knowledge in pharmacovigilance by detecting unexpected adverse drug reactions.
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Introduction

The Internet and social media have become part of people’s daily lives. In 2016, 86% of
the French population was reported as active internet users, and 58% of these users were
active on social media [1]. On average, users spend 3h 37m daily on the internet, and 1h
16m on social media [1]. In France, 46% to 71% of the population uses the Internet to
seek medical or health related information [2].

Web forums are online platforms used to share information and personal
experiences. Health data (diseases, feelings, medication usage and many other aspects)
in these forums, represents a rich source of information on diagnoses, treatments and
medical researches [3]. Several studies have already demonstrated the added value of
mining adverse drug reaction (ADR) signals from social media posts [4], using machine-
learning methods (such as support vector machine or associations rules) but little is
known about the utility of applying traditional signal detection methods (used to mine
pharmacovigilance databases) as well as logistic regression signal detection method in
web forums analysis. To our knowledge, only two studies applied one of the traditional
signal detection method to web-based pharmacovigilance data [5, 6].
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Pharmacovigilance - defined by the World Health Organization (WHO) as “the
science and activities relating to the detection, assessment, understanding, and
prevention of adverse effects or any other drug-related problems” [7] - begins during
clinical trials and continues after the drug is released onto the market. ADRs may be
spontaneous reports (from healthcare professionals or patients), or adverse events (AEs)
observed during Phase IV clinical trials driven by pharmaceutical companies and
national authorities. All data are stored in spontaneous reporting systems [8].

In Europe, national authorities accept reports from patients since 2011. In France,
patients as well as any healthcare professional can send ADRs reports to the
corresponding Regional Pharmacovigilance Centre which collects, analyzes and reviews
these reports before adding them to the national agency. However, underreporting of
ADRs is one of the biggest limitations of the current pharmacovigilance systems. Seven
studies have revealed that the underreporting rate in France is between 78% and 99% [9].
To overcome underreporting, web forums were proposed as a potential source of
information complementary to case reports.

Our objective was to evaluate the feasibility of ADRs’ signal detection using web
forums. In this preliminary work, we studied baclofen which has been used since the
mid-70s in the management of spasticity in several neurological diseases. Indeed, the
off-label high-dosed use of this drug by alcohol-dependent patients has caught the
attention of the public health authorities in France in the last 5 years. Recently, signals
emerging from patients and health professionals made this drug an ideal subject for such
analysis on social media. Thus, we performed a retrospective, observational and
descriptive study, based on posts mentioning AEs caused by baclofen, detected by
natural language processing.

Methods

Our material consisted of a dataset of over 60 million posts extracted from 22 French
medical forums from 01/01/2000 to 07/03/2015 using the open source tool Vigi4Med
Scrapper [10]. Natural language processing (NLP) techniques were applied to these posts
[11]. As causality between drugs and events was not implemented, adverse events (AEs)
rather than ADRs were detected. This allowed detecting the mention of at least one drug
and one AE in 6,569,555 posts, which corresponded to 55,350,564 drugs-AE couples.

To improve precision, all the mentions of drugs and AEs detected by NLP were
normalized. For drugs, the normalization was achieved with a perfect correspondence to
the RacinePharma dictionary (5,164 drug terms) linked by the Vidal company to its own
drug dictionary (3,971 drug terms) for 83.5% (4,310 drug terms), and to the Anatomical
Therapeutic Chemical (ATC) classification system. Due to the difference between labels
of drug terms in medical dictionaries and drug mentions in the patients’ posts, we added
to the normalization a set of different lexical variations that patients could use in web
forums to mention baclofen.

Adverse events normalization was achieved using the UMLS-MedDRA (V19.1)
mappings within the UMLS metathesaurus. When a UMLS term was linked to more than
one MedDRA term we considered all possible couples. Terms corresponding to the
System Organ Class (SOC) “Social circumstances” and to High Level Group Terms
(HLGT) containing the character string: “therapeutic procedure” were removed. Only
drugs-AE couples that were coded in 5th ATC level and preferred term level were taken
into account.
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After the normalization process, we compared the AEs’ SOC mentioned with
baclofen in web forums to the SOC found in the Summary of Product Characteristics
(SPC). We then applied several decision rules for traditional signal detection methods
used in Pharmacovigilance - frequentist and bayesian methods, with or not application
of the False Discovery Rate (FDR) [12]. The applied decision rules are described in table
L.

Table 1. Decision rules applied for each signal detection algorithm

Method Decision rules
Frequentist Methods
Proportional Reporting Ratio -~  PRR1: n>3,PRR >
(PRR) 2and x* > 4

- PRR2:  Clysy(in(PRR)) >
0, with FDR < 5%

Reporting Odds Ratio (ROR)  —  ROR1: Clyge, (In(ROR)) > 0
— ROR2: ROR1,with FDR <
5%
Reporting Fisher’s Exact Test —  Fisher’s Exact Test p-value
(RFET) calculated with 2 methods
(RFET and midRFET), with
FDR < 5%
Bayesian Methods
Bayesian Confidence —  BCPNN1: Beta distribution a
Propagation Neural Network priori and
(BCPNN) Information Component >
0
- BCPNN2:
BCPNN1,with FDR < 5%
Gamma Poisson —  GPS1: Clysy, (IN(EBGM)) =
Shrinkage (GPS) 2
- GPS2: GPS1,with FDR <
5%

As final step, to cross-check the previous signal detection algorithm, we applied a
logistic regression based method: the Class-imbalanced subsampling lasso algorithm
(CISL) with a 5% threshold [11], considering each post as an Individual Case Safety
Report about four AEs of interest selected by a pharmacist (CB). All statistical analyses
were performed with the R language and environment for statistical computing and
graphics [14] using the PhVID package.

Results

From the 55,350,564 detected drug-AE couples, 5,997 had an exact match with
“BACLOFEN”. When considering other lexical variations for baclofen like “BAKLO”,
“BALCO”, “BACOLFEN”, 40,158 additional couples were identified as relevant.

After the normalization process, the final database consisted of 2,622,445 drug-AE
couples from 747,500 different posts from 07/02/2000 to 07/02/2015. 999 distinct AEs
were found with baclofen. Among the 10 most frequent AEs detected with baclofen by
the NLP tool, two were indications for baclofen’s use and represented around 15% of the
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AEs found with baclofen. The 10 most frequent AEs found with baclofen represented
54% of baclofen’s AEs in web forums. Furthermore, 36 of the 37 AEs present in
baclofen’ SPC were also detected in association with this drug in the forums. In baclofen’
SPC, 30% of the effects are related to the “Nervous system disorders” SOC and 16% to
the “Psychiatric disorders” SOC whereas, in the forums, 10% of the AEs were related to
“Nervous system disorders” and 48% to “Psychiatric disorders”. The repartition of
adverse events between different organs in the forum is thus different than what is
described in the SPC. Table 2 describes the proportion of AEs in baclofen’ SPC
considered as signal when applying the different algorithms.

Table 2. Proportion of AEs in the SPC considered as a signal for each decision rule
Method PRR1 PRR2 ROR1 ROR2 RFET midRFETBCPNN1BCPNN2 GPS1 GPS2

%SPC signal  50% 64% 64% 64% 64% 64% 61% 64% 36% 64%

In order to confirm some unexpected AEs detected by these algorithms we used an
implementation of logistic regression that takes into account all drugs present in the
database and their possible interactions, the CISL algorithm. As this process necessitates
large computational resources and long delays, we only considered four unexpected AEs:
“Glaucoma”, “Bulimia nervosa”, “Sleep apnea syndrome” (SAS) and “Nightmare”. The
signals detected by the traditional methods were confirmed by the CISL algorithm for all
of them.

Discussion

We demonstrated that applying traditional signal detection methods to web forums
allows the detection of AEs described in the SPC of: on average, 60% of the SPC’s AEs
were considered as signals (vs 35% on average for 4 drugs in [15] using co-occurrences
statistics). Only 4% of the AEs found with baclofen in forums were in its SPC (vs 99%
for statins in [16] where 72 posts were manually reviewed).

The main application of our results is to check if a manual evaluation of the French
pharmacovigilance database and of the medical literature confirms the unexpected
detected signals. If confirmed, the national agency should be informed of these potential
signals. This review is mandatory to prove that signal detection on social media can
improve current knowledge on unexpected AEs.

Our study has some limitations. On the one hand, we probably missed information
using a perfect match to normalize drug terms. However, we manually identified several
lexical variations, which allowed us to lower this bias. On the other hand, several
masking effects exist when applying traditional signal detection methods to social media
data, such as under or over represented drugs with specific AEs, or UMLS terms
corresponding to several AEs. Moreover, the NLP technique could not detect causality
between drugs and AEs, which explains the presence of indications captured as potential
AEs.

Nevertheless, this study showed that web forums represent a very important data
source for a pharmacovigilance purpose as we could detect expected ADRs as well as
potential unknown ADRs. Future work should focus on bias limitation and signal
detection algorithm adaptation. To date, the last step, i.e. a manual evaluation of potential
signals is inevitable.
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