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A significant amount of information about drug-related safety issues such as adverse effects are pub-
lished in medical case reports that can only be explored by human readers due to their unstructured nat-
ure. The work presented here aims at generating a systematically annotated corpus that can support the
development and validation of methods for the automatic extraction of drug-related adverse effects from
medical case reports. The documents are systematically double annotated in various rounds to ensure
consistent annotations. The annotated documents are finally harmonized to generate representative con-
sensus annotations. In order to demonstrate an example use case scenario, the corpus was employed to
train and validate models for the classification of informative against the non-informative sentences. A
Maximum Entropy classifier trained with simple features and evaluated by 10-fold cross-validation
resulted in the F1 score of 0.70 indicating a potential useful application of the corpus.

� 2012 Elsevier Inc. All rights reserved.
1. Introduction

Adverse drug effect is a response of a drug which is noxious and
unintended, and which occurs at doses normally used in humans
for the prophylaxis, diagnosis, therapy of disease, or for the modi-
fication of physiological function [1]. Most information about the
drug’s efficacy and adverse effects are obtained during clinical
trials and post-marketing surveillance [2]. Organizations like the
World Health Organization (WHO), the Food and Drug Administra-
tion (FDA), the European Medicines Agency (EMEA), and the
Medicines and Healthcare products Regulatory Agency (MHRA)
maintain a reporting system that enables individuals to spontane-
ously report the experienced adverse effects related to the use of
medicines or healthcare products. A large portion of information
that includes public as well as proprietary resources are carefully
monitored by the drug manufacturers and the drug regulatory
agencies where the medical complications are brought into public
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notice through data sources such as RXList,1 Drug Information Por-
tal,2 or PharmaPendium.3 Adverse effects present major ethical and
legal issues for the pharmaceutical and health care industries.
Although discretely visible drug-related information is publicly
available in a semi-structured manner, a substantial amount of infor-
mation remains uncovered in the textual form. This includes the
electronic patient health records, hospital discharge summaries,
medical case reports, full text research articles, blogs [4], and news
reports [5].

With the growing amount of unstructured textual data, infor-
mation extraction (IE) technologies [3,6] have gained popularity
over more than a decade. The aim of information extraction is to
automatically extract useful facets of information from the huge
volumes of unstructured textual data. In the context of medical
sciences, such processing may involve identifying the names of
medical entities, the relationships between various entities and
the events associated with them. Information extraction has im-
mense potential in the medical domain [7]. A typical example of
a medical information extraction system is the MedLEE [9] system
that has found various applications in the medical scenarios [8].
Examples of EU-sponsored projects that have aimed at systematic
1 http://www.rxlist.com/script/main/hp.asp.
2 http://druginfo.nlm.nih.gov/drugportal/drugportal.jsp.
3 https://www.pharmapendium.com.
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exploration of information in text include EU-ADR,4 EU-PSIP,5 and
IMI-EHR4CR.6 Although there has been a significant progress in the
information extraction research, a precise practical task would still
require the availability of manually annotated corpora. A manually
annotated corpus serves multiple purposes. First, it provides the nec-
essary data for developing or optimizing the system irrespective of
the underlying methodology (i.e. statistical, rule-based or machine
learning-based). It serves as a gold standard (often referred to as
ground truth) against which the performance of automatic systems
can be compared. Furthermore, annotated corpora can also be used
as curated dataset for the construction of literature-based knowl-
edgebase (such as MetaCore,7 and BRENDA8).

In the biological domain, efforts have been made to generate
semantically annotated corpora like GENIA [10], BioCreative9 and
BioNLP.10 However, these bio-corpora are restricted to the entities
and events of biological interest such as gene names, protein names,
cellular location or cellular events such as protein–protein interac-
tions. In comparison to the biology domain, the availability of anno-
tated corpora in the medical domain is limited. This is partially due
to the proprietary nature of the existing data as well as ethical is-
sues. In recent years, collaborative efforts such as CLEF [11] have
been investing efforts to generate semantically annotated medical
corpora for information extraction. The medical NLP challenge I2B2
[12] provides de-identified and annotated patient discharge summa-
ries as well as a platform for common evaluation of information
extraction techniques. There is a limited availability of task-specific
corpora such as the AZDC corpus [13] annotated with the disease
names or the Chem corpus [14] annotated with the chemical names
that can be applied for specific named entity recognition tasks. The
DISAE corpus [15] contains 400 MEDLINE articles annotated with
the names of diseases and adverse effects without information about
the drugs. Nevertheless, there is no annotated corpus that is publicly
available (to the best of author’s knowledge) that can be used for
training, optimization or evaluation of the techniques for the identi-
fication of drug-related adverse effects from free text.

This paper reports on the construction of a gold standard corpus
in which MEDLINE case reports11 have been annotated for the men-
tions of drugs, adverse effects, dosages as well as the relationships
between them. The entities and the relationships are annotated sys-
tematically to ensure that the quality of data is reliable enough to
support information extraction research. Finally, as an example with
an application point of view, the usability of the corpus is demon-
strated by developing and validating a sentence classification model
that can discriminate between informative sentences against the
non-informative ones. The corpus is named as the ADE (adverse drug
effect) corpus and annotations over the corpus are made freely avail-
able online at https://sites.google.com/site/adecorpus/.
2. Methods

2.1. The ADE corpus characteristics

During the development of a benchmark corpus, several charac-
teristics have to be considered. Amongst them, two important
ones are the domain suitability of the corpus and the target user
group. Considering the domain suitability, medical case reports
were of the first choice since they provide important and detailed
4 http://www.alert-project.org/.
5 http://www.psip-project.eu/.
6 http://www.ehr4cr.eu/.
7 http://www.genego.com/metacore.php.
8 http://www.brenda-enzymes.org/.
9 http://www.biocreative.org/news/corpora/biocreative-iii-corpus/.

10 http://bionlp-corpora.sourceforge.net/.
11 http://www.nlm.nih.gov/bsd/indexing/training/PUB_050.htm.
information about symptoms, signs, diagnosis, treatment, and fol-
low-up of individual patients. More importantly, case reports can
serve as an early warning signal for the under-reported or unusual
adverse effects of medications [16]. Since the goal of this work is to
generate a corpus for public usability, MEDLINE articles were used
due to their nature of free public availability. Therefore, the ADE
corpus constitutes a subset of MEDLINE case reports.

2.2. Document sampling

Currently, MEDLINE contains more than 1.5 million medical
case reports. In order to restrict the scope of the corpus to drug-re-
lated adverse events, a PubMed12 search with drug therapy and ad-
verse effect as MeSH [17] terms was performed limiting the language
to English. The text option was chosen to be abstract in order to elim-
inate the documents with only title and no abstract text. A precise
PubMed query performed on 2010/10/07 is as follows:

‘‘adverse effects’’[sh] AND (hasabstract[text] AND Case
Reports[ptyp]) AND ‘‘drug therapy’’[sh] AND English[lang]
AND (Case Reports[ptyp] AND (‘‘1’’[PDAT]: ‘‘2010/10/07’’
[PDAT]))

This process retrieved nearly 30,000 documents from PubMed
out of which 3000 documents (referred to as ADE corpus) were ran-
domly selected for the annotation and benchmarking purposes. A
corpus of 3000 annotated documents is believed to be substan-
tially large to support the development and validation of informa-
tion extraction systems.

An additional set of 100 non-overlapping documents (referred
to as ADE-seed corpus) were selected in order to be used by the
annotators for practicing the annotation task as well as for the
annotation guideline refinement and stabilization. KNIME13 was
used for document sampling and dataset generation for the annota-
tion task. KNIME is an open source workflow management system
that provides graphically viewable data manipulation and process-
ing environment. KNIME-based workflows are easily reproducible
and minimize data handling errors.

2.3. Annotation guidelines

A critical issue that reflects the quality of an annotated corpus is
consistency [19]. In order to generate an annotated corpus for
information extraction modeling or performance benchmarking,
consistent and uniform annotation across all the documents is
essential. To ensure the consistency, a set of draft guidelines was
developed and provided to all annotators. The guidelines provide
rules that annotators should follow when working on documents.
Draft guidelines were periodically revised before beginning the
annotation of ADE corpus (see Section 2.4 for details). Important
components of the annotation guidelines are as follows:

2.3.1. Drug
Names of drugs and chemicals that include brand names, trivial

names, abbreviations and systematic names were annotated. Men-
tions of drugs or chemicals should strictly be in a therapeutic con-
text. This category does not include the names of metabolites,
reaction byproducts, or hospital chemicals (e.g. surgical equipment
disinfectants).

2.3.2. Adverse effect
Mentions of adverse effects include signs, symptoms, diseases,

disorders, acquired abnormalities, deficiencies, organ damage or
death that strictly occur as a consequence of drug intake.
12 http://www.ncbi.nlm.nih.gov/pubmed/.
13 http://www.knime.org/.
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Fig. 1. Example of a sentence annotated with drug, dosage, adverse effect and the
relationships between them.

Fig. 2. The workflow employed for the annotation task (adapted from [19]).
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2.3.3. Dosage
Dosage information that include the quantitative measure-

ments (e.g. 0.1 mg/kg/day) as well the frequency mentions (e.g.
two tablets twice daily) were annotated.

2.3.4. Relationship
The scope of a relationship was defined and restricted to the

sentence level. There should be a clear mention of a drug/chemical
resulting in an adverse effect defined within the context of a sen-
tence. Mentions of drugs, disorders or dosages that do not fit into
a relation were not annotated. Relationships were annotated be-
tween the drugs and adverse effects as well as between the drugs
and dosages. Fig. 1 shows an illustration of a sentence annotated
with the entities and relationship between them.

2.4. Annotation methodology

2.4.1. Annotation participants
Altogether, five individuals participated in the generation and

revision of the annotation guidelines. Amongst them, three indi-
viduals were involved in the annotation task. All the annotators
possess a minimum qualification of M.Sc. degree with the back-
ground related to Biomedicine. Two annotators have substantial
experience working in the biomedical text mining domain whereas
the third annotator has comparatively little practical experience
working with text mining-related topics.

2.4.2. Annotation workflow
The annotation workflow follows the standards established by

the CLEF framework [19]. Knowtator [21] version 1.9 beta 2 was
the tool used for annotation. The CLEF framework provides an eas-
ily configurable text annotation environment plugged into the
knowtator toolkit. Fig. 2 shows the workflow adapted for the anno-
tation task.

An individually single annotated document (i.e. a document
annotated by only one annotator) can reflect several problems.
They include idiosyncratic errors made by the annotators, missing
annotations or the consistent under-performance of the individu-
als. In order to overcome these problems, a strategy of triple anno-
tation [20] was applied. During the process of triple annotation,
each document is independently annotated by three annotators
and the sets of annotations are compared thereafter for quality
assurance.

The annotation task started with applying the draft guidelines
for annotating the ADE-seed corpus. First, the ADE-seed corpus of
100 documents was divided into ADE-seed-set1 and ADE-seed-set2
with each comprising 50 non-overlapping documents. As indicated
in Fig. 2, initially the ADE-seed-set1 sub-corpus was annotated by
all three annotators by strictly applying the draft guidelines pro-
vided. The agreement between the annotators was determined
using the Inter-Annotator Agreement (IAA) scores (see Section
3.1). The IAA scores were determined for the entities as well as
for the relationships (see Section 3.2). The level of agreement
was determined for all the documents and the under-performing
documents were manually reviewed to check for disagreeing
instances. An underperforming document is one that contains at
least one disagreeing annotation. Depending on the necessity,
changes were made to the annotation guidelines that were used.
The process was repeated for the ADE-seed-set2. Counts of the
annotated entities and relationships over the ADE-seed corpus for
two preliminary rounds of annotation are provided in Tables 1
and 2.

Before starting the annotation of the ADE corpus, an interactive
stabilization of the annotation guidelines was performed based on
the experiences gained during the annotation of ADE-seed corpus.
An interactive stabilization of annotation guidelines involved mu-
tual discussion between the annotators concerning any inconsis-
tencies or conflicts in understanding the guidelines followed by
subsequent refinement of the annotation rules. The ADE corpus
of 3000 documents was divided into ADE-set1, ADE-set2, and
ADE-set3 subsets with each comprising 1000 non-overlapping doc-
uments. Each annotator processed two corpus subsets. With this
strategy, every document was annotated by two annotators and
the total number of documents that each annotator has to read
was reduced by one-third. Fig. 3 shows the distribution of the sub-
sets of ADE corpus among the different annotators. Table 3 shows
the counts of the annotated entities and relationships over the
ADE corpus.

2.4.3. Annotation harmonization
During the harmonization process, the double annotated docu-

ments were subjected to a review by the respective annotators in
order to resolve the conflicting annotations and to improve the
overall quality of the annotated corpus. Each document was re-
viewed by only two annotators who annotated the respective doc-
ument earlier. The aim of annotation harmonization is to focus on
the differences in annotator’s interpretation of the guidelines and
the differences in their interpretation of the documents. During
harmonization, the documents were not completely read. Only
those instances that were marked by at least one annotator were
investigated for correctness. Documents that do not contain any
annotation from both the annotators or documents where both
the annotators agree completely were not reviewed. Documents
that contain at least one conflicting annotation were subjected to
the review process by the respective annotators. The following pre-
cautions were taken during the harmonization process.

1. No entirely new annotations were added if they were not
marked earlier by either of the annotators.

2. No annotations were removed if they were marked earlier
by both the annotators.

3. Annotations were added or removed if they were marked
by any one of the annotators and provided they both agree
on the decision thereafter.



Table 1
Counts of the annotated entities and relations in the ADE-seed-set1 corpus. Numbers within the brackets indicate the unique number of sentences that contain at least one
relation. Enumerations related to dosages are zeroes since no dosage information was annotated during this round.

Entity counts Relation counts

Drug Adverse effect Dosage Drug-adverse effect Drug-dosage

Annotator-1 116 139 0 166 (90) 0 (0)
Annotator-2 120 159 0 177 (84) 0 (0)
Annotator-3 57 132 0 52 (26) 0 (0)

Table 2
Counts of the annotated entities and relations in the ADE-seed-set2 corpus. Numbers within the brackets indicate the unique number of sentences that contain at least one
relation.

Entity counts Relation counts

Drug Adverse effect Dosage Drug-adverse effect Drug-dosage

Annotator-1 91 83 4 110 (68) 4 (4)
Annotator-2 86 77 3 95 (65) 3 (3)
Annotator-3 54 60 0 59 (46) 0 (0)

Fig. 3. Distribution of the subsets of ADE corpus among the different annotators.
Each subset contains 1000 non-overlapping documents.

Table 3
Counts of the annotated entities and relations in the ADE corpus. Numbers within the
brackets indicate the unique number of sentences that contain at least one relation.
Each annotator handles only 2000 documents that are distributed according to Fig. 3.

Entity counts Relation counts

Drug Adverse effect Dosage Drug-adverse effect Drug-dosage

Annotator-1 2391 3330 129 3995 (2490) 140 (111)
Annotator-2 3097 3464 69 4028 (2681) 71 (60)
Annotator-3 3999 4604 77 5489 (3404) 83 (77)

Table 4
Counts of the annotated entities and relations in the ADE corpus
after harmonization. Numbers within the brackets indicate the
unique number of sentences that contain at least one relation.

Entity counts
Drug 5063
Adverse effect 5776
Dosage 231

Relation counts
Drug-adverse effect 6821 (4272)
Drug-dosage 279 (213)
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4. In case of partially overlapping annotations, only the con-
flicting parts were resolved. For instance, Annotator-1
marks acute lymphoblastic leukemia whereas the Annota-
tor-2 marks lymphoblastic leukemia, then the decision will
be made to resolve the annotation of the word acute.

The harmonization was performed over the complete ADE
corpus in the presence of annotators for both the entities as well
as the relationships. Table 4 shows the counts of the annotated
entities and relationships over the ADE corpus after the harmoniza-
tion procedure. Twenty-eight documents were removed from the
ADE corpus due to errors induced by the annotation software as
well as manual handling errors (such as missing annotations and
annotation offset shifts). At the end of harmonization, the ADE
corpus contains 2972 documents having 420,515 tokens within
20,967 sentences out of which 4272 sentences have been anno-
tated with names and relationships between drugs, adverse effects
and dosages. The sentences with drug-dosage relationships (i.e.
213 sentences) constitute a subset of 4272 sentences that contain
drug-adverse effect relationships.

2.5. Modeling a sentence classifier

In order to demonstrate an example scenario where the ADE
corpus can be applied, models for sentence classification were
developed and validated. Although the scope of this work does
not aim to extensively build a sentence classification model, with
an application point of view the usability of the corpus has been
shown. Additionally, the experiments performed with sentence
classification do not implicitly restrict the scope of the corpus to
sentence classification task.

A sentence classification framework helps in the extraction of
sentences that contain statements of hypotheses or declarations
about the adverse effects related to certain drugs. It helps in
retrieving the documents or sentences that contain potential sig-
nals indicating the drug-related adverse effects that can help in
safety monitoring of the drugs as well as to develop new hypothe-
sis based on existing evidences.

The ADE corpus (after harmonization containing 2972 docu-
ments) was transformed into sentences using the Genia Sentence
Splitter [23]. The sentence splitting was performed after the com-
plete annotation and harmonization of the ADE corpus. As a result
of sentence splitting, the ADE corpus of 2972 documents generated
20,967 sentences. The corpus of sentences was divided into 4272
sentences containing at least one drug-related adverse effect men-
tion that were labeled as Positive. The remaining 16,695 sentences
that contain no information about the adverse drug effects were
separated and labeled as Negative. Therefore, the sentences corpus
contains overall 20,967 instances labeled as either Positive or
Negative that can be subjected to the classification task. Fig. 4 illus-
trates the sentence classification framework applied for training
and validating a model for classifying the informative and non-
informative sentences.

For the purpose of training and validation, the Naïve Bayes clas-
sifier [24] and the Maximum Entropy classifier [25] implemented
within the MALLET toolkit [26] were applied with the default



Fig. 4. Sentence classification framework applied for training and validating a
model for classifying the informative (Positive labeled) and non-informative
sentences (Negative labeled).
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parameter settings using all words occurring in sentences as
features.

3. Results and discussion

3.1. Inter-annotator agreement metrics

Over the ADE-seed as well as the ADE corpora, the double anno-
tated documents were used for the determination of Inter-Annotator
Agreement (IAA) scores. The IAA scores were calculated using the F1

score as a criterion [22]. The F1 score measures the harmonic mean of
precision and recall between the annotators using one annotator as a
standard and the other as a reference. The reason for applying F1

score compared to conventional measures such as Kappa [34] is that
F1 scores are computed at the level of entities. Since the annotation
task requires finding the correct boundaries of entities in addition
to label assignment, chance agreement is effectively zero, and there-
fore F1 score is equivalent to kappa. This offers an advantage of
understanding the named entities on which annotators completely
agree, partially agree, or completely disagree. In addition, the F1 score
provides an easy and effective way for calculating the level of agree-
ment on relationships. The IAA scores were determined for both the
entities as well as for the relationships. GATE [18] framework was
used for the determination of IAA scores.

For the entities, IAA scores were determined using the exact
match and partial match as criteria. Exact match is a situation where
both the annotations should completely overlap whereas partial
match is a situation where the annotations may partially or com-
pletely overlap. Using complete and partial match as criteria helps
in understanding the entities over which the annotators disagree
completely and those instances where annotators agree at least par-
tially. For the relationships, two types of evaluations were applied.
They are the exact entity match with exact relation and partial entity
match with exact relation. The exact entity match with exact relation
requires that the annotations of the entities overlap completely
and the relationship is correctly annotated. In case of partial entity
match with exact relation, a relationship that links two partially or
completely matching entity spans is considered to be correct.

3.2. Inter-annotator agreement calculation

The IAA scores between the annotators were determined over
the ADE-seed corpus during two preliminary rounds of annotation.
Whereas, the IAA scores over the ADE corpus were determined be-
fore the final harmonization was performed. The agreement levels
were determined for the entities as well as for the relationships.
Tables 5 and 6 show the IAA scores over the ADE-seed-set1 and
ADE-seed-set2 corpora respectively. The ADE-seed-set1 corpus did
not contain any mentions of dosages that fit into a pre-defined
relationship with drugs. Therefore, the IAA scores for dosages were
enumerated as zero for the entity mentions as well as for the rela-
tionships with drugs. During the preliminary annotation rounds,
the level of agreement between Annotator-1 and Annotator-2 re-
mained consistent for drug names. A potential reason is that drug
names often occur as one word entities (e.g. minocycline) and they
hardly suffer from boundary mismatch problems. However, the
agreement levels for the exact name matches of adverse effects
and dosages were unsatisfactory. The names of adverse effects of-
ten occur as descriptive multiword terms and deciding the correct
term boundaries was a major problem. For instance, Annotator-1
marked non-metastatic gestational trophoblastic tumor whereas
the Annotator-2 marked the same instance as gestational tropho-
blastic tumor. Nevertheless, the partial name matches for adverse
effects had substantial level of agreement. Dosage information
faced severe annotation problems. Mentions such as low-dose were
often misinterpreted or overseen by the annotators and were not
annotated. Such instances represent the contemporary errors in-
duced during the annotation process that were improved later
on. Typical examples of relationship annotation errors include
one in the sentence the patient developed monoarthritis 2 weeks
after initiation of IFN-beta, which persisted during 14 months of ther-
apy and resolved with discontinuation of the medication [PMID:
16393774]. A relationship between monoarthritis and IFN-beta ex-
ists which was correctly annotated by one annotator whereas over-
seen by the other annotator. Such instances were exemplified in
the annotation guidelines and thoroughly discussed before the
annotation of main corpus was performed. Annotator-3 having
minimum experience with text annotation exercises often
achieved lower agreement scores with rest of the annotators. How-
ever, after the annotation of ADE-seed-set2, the agreements be-
tween Annotator-3 and rest of the annotators improved and
reached until 60% for adverse effects and their relationships to
drugs. Since the final goal was to harmonize the complete annota-
tions, the ADE corpus was annotated by three annotators with no
further revisions of the annotation guidelines.

Table 7 shows the IAA scores between the annotators over the
large ADE corpus that contains 3000 documents. The ADE corpus
was strategically divided and annotated by three annotators.
Therefore, the IAA scores were determined over the sets of 1000
documents that were commonly annotated by two annotators.
Based on the experiences gained during the preliminary annota-
tion rounds, all the three annotators were able to consistently
annotate the drug names. Although the names of adverse effects
underwent frequent boundary problems, the results of partial
name matches were consistent amongst all three annotators. The
dosage information being the poorest annotated entity class was
strictly resolved during the harmonization process. Therefore, the
authors believe that dosage annotations in spite of having poor
agreement between annotators are still valuable due to the thor-
ough harmonization later on. All the annotated entities and rela-
tionships were subjected to the harmonization procedure after
the complete annotation of ADE corpus in the presence of respec-
tive annotators in order to achieve a consistent final annotation.
Randomly selected 200 annotated sentences from the ADE corpus
after harmonization were reviewed by two drug safety experts in
order to judge the quality of annotations where both experts
agreed on all annotations. This illustrates the suitability of anno-
tated corpus for modeling real world information extraction chal-
lenges related to drug safety.



Table 5
IAA scores between the annotators over the ADE-seed-set1 corpus containing 50 documents. Enumerations related to dosages are zeroes since no dosage information was
annotated during this round.

Annotators Entity (exact match) Entity (partial match)

Drug Adverse effect Dosage Drug Adverse effect Dosage

1 and 2 0.76 0.66 0.00 0.82 0.86 0.00
1 and 3 0.28 0.43 0.00 0.38 0.55 0.00
2 and 3 0.29 0.40 0.00 0.38 0.51 0.00

Annotators Relation (exact entity match with exact relation) Relation (partial entity match with exact relation)

Drug-adverse effect Drug-dosage Drug-adverse effect Drug-dosage

1 and 2 0.64 0.00 0.79 0.00
1 and 3 0.14 0.00 0.37 0.00
2 and 3 0.10 0.00 0.37 0.00

Table 6
IAA scores between the annotators over the ADE-seed-set2 corpus containing 50 documents.

Annotators Entity (exact match) Entity (partial match)

Drug Adverse effect Dosage Drug Adverse effect Dosage

1 and 2 0.73 0.88 0.29 0.90 0.88 0.86
1 and 3 0.63 0.65 0.00 0.77 0.66 0.00
2 and 3 0.57 0.66 0.00 0.76 0.67 0.00

Annotators Relation (exact entity match with exact relation) Relation (partial entity match with exact relation)

Drug-adverse effect Drug-dosage Drug-adverse effect Drug-dosage

1 and 2 0.69 0.28 0.87 0.85
1 and 3 0.51 0.00 0.65 0.00
2 and 3 0.46 0.00 0.66 0.00

Table 7
IAA scores between the annotators over the ADE corpus containing 3000 documents. Each annotator handles only 2000 documents that are distributed according to Fig. 3. IAA
scores are calculated over the sets of 1000 documents that are commonly annotated by two annotators.

Annotators Entity (exact match) Entity (partial match)

Drug Adverse effect Dosage Drug Adverse effect Dosage

1 and 2 0.80 0.72 0.26 0.82 0.80 0.43
1 and 3 0.75 0.68 0.05 0.77 0.77 0.37
2 and 3 0.76 0.63 0.03 0.78 0.77 0.09

Annotators Relation (exact entity match with exact relation) Relation (partial entity match with exact relation)

Drug-adverse effect Drug-dosage Drug-adverse effect Drug-dosage

1 and 2 0.68 0.17 0.78 0.26
1 and 3 0.63 0.14 0.74 0.18
2 and 3 0.60 0.12 0.75 0.15

Table 8
Top five ATC classes to which the frequently occurring drugs
belong.

ATC class % of drugs

Antineoplastic agents 22
Ophthalmologicals 11
Antibacterial agents 11
Immunosuppressants 9
Antiepileptics 8
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3.3. Semantic corpus analysis

After the harmonization procedure, in order to analyze the
semantic distribution of entities in the ADE corpus, the annotated
names of drugs and adverse effects were mapped to standard
ontologies using the ProMiner [28] system. The drug names were
mapped to the Anatomical Therapeutic Chemical (ATC) classifica-
tion system [29] using the DrugBank [31] dictionary. The ATC
hierarchically classifies several drugs according to their pharmaco-
therapeutic properties. Since ATC is hierarchical, its level two
classes were used for the analysis. The names of adverse effects
were mapped to the MedDRA [30] classification system. MedDRA
contains a hierarchically organized medical terminology and it
been widely applied for pharmacovigilance and drug regulatory
affairs. Similar to ATC, the level two MedDRA classes were used
for analysis. Out of 5063 annotated drug names, 4205 could be
normalized to the ATC (i.e. 83%) whereas for the adverse effects,
4356 out of 5776 names (i.e. 75%) could be mapped to the Med-
DRA. Table 8 shows top five ATC classes to which frequently occur-
ring drugs belong. Table 9 shows top five MedDRA classes to which
frequently occurring adverse effects belong.



Table 9
Top five MedDRA classes to which the frequently occurring adverse
effects (AE) belong.

MedDRA class % of AE

Cardiac arrhythmias 12
General system disorders 11
Epidermal and dermal conditions 9
Allergic conditions 9
Hepatic and hepatobiliary disorders 8

Table 10
Performances of sentence classifiers validated by 10-fold cross-validation of the
training data. Precision, Recall, and F1 score for the class positive are reported.

Precision Recall F1 score

Naïve Bayes 0.91 0.08 0.14
MaxEnt 0.75 0.64 0.70
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3.4. Performance measure of sentence classifiers

The performance of the sentence classification framework was
evaluated using 10-fold cross-validation [27]. During the cross-
validation experiments, the discriminative capability of the
classifier to correctly distinguish between the informative and
non-informative sentences was measured using Precision, Recall,
and F1 score over the class Positive as a criterion.

3.5. Results of sentence classification

The Naïve Bayes and the Maximum Entropy (MaxEnt) classifiers
were applied for training and validating models for sentence clas-
sification that can discriminate the potentially informative against
the non-informative sentences (see Section 2.5 for experimental
details). The sentences that contain at least one drug-related ad-
verse effect formed the informative (Positive labeled) dataset
whereas the remaining sentences formed the non-informative
(Negative labeled) dataset. Upon evaluation by 10-fold cross-vali-
dation, the performances of Naïve Bayes and MaxEnt classifiers
are shown in Table 10.

A MaxEnt model trained with simple features such as words in
the sentence resulted in a good classification performance. Re-
moval of stop-words degraded the performance of classification.
There has been a significant amount of work dedicated to the sen-
tence classification task in the medical text [32]. A variety of fea-
ture sets and techniques such as feature boosting have been
proposed for improving the performance of classification. How-
ever, since the scope of this work does not extensively aim at
building a sentence classifier, the performance of classification
has been shown as an example scenario where the corpus could al-
ready find a direct application. A detailed framework on applica-
tion of the corpus for adverse effect sentence classification using
shallow linguistic features as well as its ability to support the iden-
tification of novel drug-adverse effect associations has been dem-
onstrated by Gurulingappa et al. [33].
4. Conclusion

A semantically annotated corpus designed to support the extrac-
tion of information about drug-related adverse effects from medical
case reports has been presented. The corpus is intended to facilitate
the development and validation of automated systems for evi-
dence-based pharmacovigilance and hence overcome the manual
reading task that has been performed in many pharmaceutical
and healthcare companies. The corpus has been systematically
double annotated using a well-defined annotation schema in order
to ensure the maximum consistency. The annotations were per-
formed in different rounds with intermediate quality control checks
using the inter-annotator agreement scores. The process of harmo-
nization of double annotated documents in order to generate a rep-
resentative consensus annotation is discussed as well. Finally, an
example application scenario has been demonstrated by applying
the corpus for training and validating sentence classifiers that can
discriminate the informative sentences against the non-informa-
tive ones.

The corpus has been made publicly accessible in order to
encourage the research in the direction of evidence-based pharma-
covigilance and drug safety aspects. Currently, a significant amount
of work has been going on in order to develop a system for auto-
matic extraction of drug-related adverse effects. As an immediate
following step, a second version of the corpus thoroughly checked
by the clinical experts will be released. Our future work intends to
evaluate the performance of couple of commercial and freely avail-
able tools for named entity recognition and relationship extraction.
We also plan to extend our work to include blogs and news reports
for the analysis of drug-related adverse events.
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