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Abstract

This paper describes the approach presented by the LSI_UNED team in the Multilingual Information
Extraction task (SpRadIE) of CLEF eHealth 2021. The proposed system is a deep learning stack designed
for separately detecting negation hedge cues and other biomedical entities in the task. Transfer learning
techniques are applied for studying whether pre-trained weights from a different negation detection task
can be effectively incorporated into the model for improving a baseline system trained only with the
provided data. The system obtains promising results in the task, obtaining the second best F1 score, and
the best precision score among all participant systems.
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1. Introduction
Named Entity Recognition (NER) is the task that aims to detect a particular set of entities within
a text. It represents one of the key steps in the process of information extraction in any specific
domain. In the field of biomedicine, entity detection is of paramount importance for successfully
performing subsequent tasks in the information extraction pipeline, such as relation extraction
or document classification. Considering the huge amount of information currently available
in the biomedical domain, including research papers, clinical notes or medical reports, the
development of automatic systems able to perform accurate NER in those types of documents
will definitely lead to better health support systems.
In this context, the eHealth Evaluation Lab conducted at the Conference and Labs of the
Evaluation Forum (CLEF) 2021 [1] is a great opportunity for testing systems designed for solving
these kind of tasks related to the biomedical domain. In particular, Task 1 of the eHealth 2021
challenge, named Multilingual Information Extraction (SpRadIE) [2] focuses on the detection of
biomedical entities in clinical texts (radiology reports) written in the Spanish language.
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In this paper, we present a deep learning architecture designed for taking advantage of the
use of transfer learning techniques in the detection of a particular type of entity, in this case
negation hedge cues. For this purpose, the proposed architecture is a pipeline with two different
branches receiving the same input, each branch being a particular neural network. One of
the networks will perform the detection of negation hedge cues, while the other network will
be used for recognizing the rest of the entities proposed in the task. In order to analyze the
effect and possible improvements offered by the use of transfer learning techniques in detecting
negation hedge cues, the network performing this subtask will be initialized either randomly, as
well as the other network, in a usual setup, or with information from a different task oriented
to negation detection, in a transfer learning setup.
The rest of the paper is organized as follows: Section 2 briefly presents some systems that
faced similar tasks in past competitions. Details of the task addressed in this paper are given in
Section 3, and the proposed system is presented in Section 4. Results obtained in the competition
are shown and discussed in Section 5, while Section 6 is devoted to analyze some systematic
errors detected during the development of the system. Finally, some conclusions and future
lines of work are depicted in Section 7.

2. Background
The identification and classification of named entities is a deeply studied field in Natural
Language Processing (NLP), and more particularly in the biomedical domain. The use of classical
NLP approaches has led to the development of well-established systems in the literature such
as Metamap [3]. These classical approaches include look-up dictionaries [4] and rule-based
systems like PROPER [5] or TextDetective [6]. Machine learning systems [7] and especially
deep learning techniques [8, 9], however, represent the current state of the art in biomedical
NER. The development of specific biomedical word embeddings [10] and language models [11]
have been key to the huge success of these systems.
Many different tasks related to biomedical NER have been proposed in evaluation campaigns
such as CLEF eHealth 2015 [12], TASS eHealth-KD 2018 [13] or IberLEF eHealth-KD 2019
[14] and 2020 [15]. As mentioned before, the use of deep learning approaches for addressing
these tasks has grown exponentially in the past few years, to the point of representing the vast
majority of participating systems. Many of those systems propose deep learning stacks mainly
based on Bidirectional Long Short Term Memory (Bi-LSTM) layers followed by Conditional
Random Field (CRF) layers for performing entity detection and classification [16, 17, 18]. The
use of techniques based on the Transformer architecture [19] such as BERT [20] has also gained
high popularity in these tasks since their publication [21, 22].
In addition to the aforementioned challenges and evaluation campaigns, other works addressing biomedical NER tasks in the Spanish language have been recently developed. Deep learning
methods are applied in [23] for the identification and subsequent anonymization of named
entities within radiology reports. Transfer learning techniques based on contextualized word
embeddings are employed in [24] for detecting pharmacological entities (substances, compounds
and proteins) in Spanish clinical cases, improving previous results obtained with standard and
general domain word embeddings.

3. Task: Multilingual Information Extraction
Task 1 of the eHealth Evaluation Lab at CLEF 2021 (SpRadIE) aims at the detection and classification of biomedical entities and hedge cues in radiology reports written in the Spanish language.
The participating systems are asked to recognize ten different classes, separated into seven
entities (anatomical entity, finding, location, measure, type of measure, degree and abbreviation)
and three hedge cues (negation, uncertainty and conditional temporal). In order to achieve a
good performance, systems must adequately deal with some casuistries inherent to NER tasks
in the biomedical domain: long entities, discontinuous entities, overlaps or polysemy.
The dataset provided by the organizers consists of anonymized ultrasonography reports from
the radiology department of a pediatric hospital in Argentina. Further information regarding
the original annotation criteria, which was slightly modified for this task, can be found in [25].
The dataset contains 169 documents for training purposes and 92 documents for development
purposes, all of them annotated using the BRAT format [26]. System testing is performed with
an additional test set of 207 unseen documents. The development dataset is divided into two
types of documents: same-sample documents, whose vocabulary is similar to the one in the
training corpus, and held-out documents containing words that do not usually occur in the
training corpus.
Finally, evaluation of the participating systems is carried out using Precision, Recall and F1
metrics over the Jaccard index between the predicted and the reference entities. Two different F1
measures are computed: exact F1 only considers exact matches of the predicted entities, while
lenient F1 is a more relaxed metric that computes a score regarding the overlapping between
the predicted entity and the reference.

4. System Description
The proposed system is a deep learning architecture that is mainly focused on two particular
types of layers: Bidirectional Long Short-Term Memory layers (Bi-LSTM) and Conditional
Random Field layers (CRF). Input documents are processed forwards and backwards thanks to
the Bi-LSTMs, and each token from the documents is finally classified through the CRF layer.

4.1. Pre-processing
Since the reports from the dataset are initially annotated using the BRAT format, it is important
to transform this annotation into a format that can be used for representing the final classes to
which each token can belong. For this purpose, we use the BILOU annotation scheme, widely
used in different NER tasks. This scheme discriminates between the beginning (B), inside (I)
and last (L) tokens of a particular entity, as well as entities composed of a unique (U) token, and
tokens in the document that are out (O) of any entity.
The final output of our system is designed for taking into account discontinuities and overlapped entities, both of them being two of the most repeated linguistic challenges within the
provided corpus. After inspecting the training and development dataset, the entities that present
a greater number of discontinuities and overlappings are Location, Findings and Abbreviations.
Moreover, we are particularly interested in treating Negation hedge cues separately, in order

to analyze whether additional information coming from a different negation detection tasks is
able to provide useful knowledge to our network. Due to these considerations, we model those
four classes (Location, Finding, Abbreviation and Negation) in a separate way, and gather the
remaining six entities in the same output structure. Hence, the four separate entities can be
modelled by only using BILOU labels (since they will be modelled in separate output vectors). On
the other hand, since the output for the six remaining entities is being represented in the same
vector, the entity type has to be combined with the BILOU labels when considering these entities:
for instance, using label B-Measure for distinguishing it from B-Degree or B-Anatomical_Entity.
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Figure 1: Example of transformation from BRAT format to BILOU annotation scheme.

Figure 1 shows an example of transforming sentences annotated with the BRAT format
to the described BILOU annotation scheme. The top part of the figure shows a sentence in
which we find a unique token labelled as Type_of_measure, another one as Location, and a
unique Abbreviation embedded within a Measure. These elements are represented as unique
tokens (U) in the Location and Abbreviation vectors. As neither Type_of_Measure nor Measure
have independent output vectors, particular labels must be used within the Other vector for
specifying that a unique Type_of_Measure (U_TM) and a begin and last Measure token (B_M
and L_M) are used for representing “Espesor" and “0.15 cm" are used, respectively. The bottom
part of the figure represents the use of begin, inside and last tokens (B, I and L) within the
Negation vector for representing “No se detectaron", and a unique (U) token in the Finding vector
for representing “adenomegalias".

4.2. Input Features
The features used for representing the input of the proposed deep learning stack are the
following:
• Word embeddings: Two different pre-trained word embeddings from different sources
are used for text representation. On the one hand, we use general domain Spanish 100dimensional word embeddings in FastText, trained on Common Crawl and Wikipedia
[27]. On the other hand, also 100-dimensional embeddings in FastText, generated from
Spanish clinical texts [28], are also tested in order to analyze the differences and potential
improvements.
• Character embeddings: The use of character embeddings may help in decreasing
loss information caused by the reduction of dimensionality in word embeddings. We
train character embeddings from scratch using a convolutional layer for generating a
16-dimensional character vector for each token in the document.
• Casing, punctuation and formatting information: An additional 8-position onehot vector is used for modeling different casing scenarios, as well as information about
punctuation marks and other formatting issues: uppercased first letter, term ending in
comma, term ending in dot, term being a number, term being mostly numeric (over
50% of the charaters being digits), term containing any digit, term containing any other
punctuation marks, and other cases. Through this feature, we encode information that is
usually omitted by word embeddings.

4.3. Main Architecture
The main design of the proposed deep learning stack is shown in Figure 2. Vectors representing
word embeddings, character embeddings and casing information are concatenated and fed into
two different pipelines, both of them consisting of a Bi-LSTM layer followed by a dense layer
and a Conditional Random Field that performs the final classification. As mentioned in Section
2, this combination of Bi-LSTM and CRF layers has shown high performance in different NER
tasks in the past few years. Although modern BERT-based architectures might offer better
results, they have been avoided in this case due to the small size of the training dataset provided
by the organizers. In the proposed system, the first pipeline is used for detecting all the possible
entities in the dataset except for the negation hedge cues, while the second pipeline performs
independent detection of negation hedge cues. Four parallel CRF layers are used in the first
pipeline for classifying the aforementioned most frequently overlapping entities (Location,
Finding and Abbreviation), and the set of remaining entities. A single CRF layer is used in the
second pipeline for classifying negation hedge cues.
A final post-processing step based on rules is applied to the output of the deep learning
architecture for solving systematic errors. The proposed rules are as follows:
• Use of the regular expression “([0-9]+)([a-zA-Z]+)” for finding terms such as “128cm”. In
those cases, the expression “cm” is added to the list of entities as an Abbreviation.
• Use of a more complex regular expression based on the previous one for trying to ensure
the annotation of three-dimensional measures such as “2.5 x 2.5 x 128cm”.
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Figure 2: Proposed deep learning stack.

• Some scenarios have been identified in which no annotation is generated for some
abbreviations. This last rule tries to cover the full annotation of the following measure
abbreviations: “cc”, “cm”, “mm”, “ml”, “l”, “kg”, “g”, “mg”.

4.4. Transfer Learning
As it has been depicted in previous sections, the main objective of this system is to allow
the analysis of potential improvements that can be obtained by applying transfer learning
techniques to the independent identification of negation hedge cues. For this purpose, we
compare the performance of the system when the initial weights of both Bi-LSTM networks
are randomly initialized with that achieved when incorporating pre-trained weights to the
Bi-LSTM network that performs negation detection. These pre-trained weights are extracted
from a different negation detection task. In particular, the weights are generated in the process
of training a different deep learning stack for detecting negation scopes and triggers, using
for this purpose the SFU Review SP-NEG corpus [29]. The deep learning stack used for that
separate task is described in detail in [30], and is based on the combination of a Bi-LSTM layer
followed by a dense neural network performing the final classification. The transfer learning

process is achieved by using the weights from this Bi-LSTM trained on the negation task for
initialising the weights of the Bi-LSTM devoted to the detection of the negation hedge cues in
the eHealth task.
According to the widely recognised and adopted categorisation of transfer learning techniques
presented in [31], the proposed approach would be a case of inductive transfer learning, in which
the two tasks involved in the process are different, although their domains are strongly related,
and also labelled data are available in both the source and target tasks (negation detection and
eHealth NER, respectively). This is a similar setting to multi-task learning, however, in this case
only one task is optimized for achieving high performance, instead of trying to learn both tasks
simultaneously. Regarding deep transfer learning categorizations such as the proposed in [32],
this would be a case of network-based deep transfer learning.

5. Results
Four different runs were allowed in the test phase of the CLEF eHealth challenge. In consequence,
we have prepared four different settings of our system for submitting them to the organizers
in this phase. In those settings, we combine the two different word embeddings mentioned in
Section 4.2, this is, general domain and clinical embeddings, and also we explore the two main
settings of the deep learning architecture: classic weight initialization (random, no transfer
learning), and transfer learning initialization, both of them applied to the Bi-LSTM layer related
to negation detection. These four settings will be denoted as follows in the experiments:
Classic+General for classic initialization and general domain embeddings, Transfer+General
for transfer learning approach and general domain embeddings, Classic+Clinical for classic
initialization and clinical embeddings, and Transfer+Clinical for transfer learning approach
and clinical embeddings.
As detailed in Section 3, two different development sets (same-sample and held-out) were
provided by the organizers, and a simple test set was used for the final scores of the participating
systems. Tables 1, 2 and 3 show the scores achieved using the different settings of our system,
for the same-sample and held-out development dataset and for the test dataset respectively,
using the official metrics of the task.
Table 1
Results achieved by the LSI_UNED team in the CLEF eHealth same-sample development dataset, for
the lenient matching and exact matching metrics. F1, precision (P) and recall (R) values for each metric
are expressed as percentages. Bold indicates the best setting for each metric.

Setting
Classic+General
Transfer+General
Classic+Clinical
Transfer+Clinical

F1
83.49
84.02
84.43
84.18

Same-sample development
Lenient
Exact
P
R
F1
P
87.63 80.35 80.45 84.38
88.38 80.67 80.82 84.98
88.85 80.95 82.04 86.34
89.06 80.50 81.37 86.11

R
77.47
77.60
78.66
77.77

Table 2
Results achieved by the LSI_UNED team in the CLEF eHealth held-out development dataset, for the
lenient matching and exact matching metrics. F1, precision (P) and recall (R) values for each metric are
expressed as percentages. Bold indicates the best setting for each metric.
Held-out dev.
Setting
Classic+General
Transfer+General
Classic+Clinical
Transfer+Clinical

F1
77.80
78.89
75.89
76.70

Lenient
P
89.36
89.27
85.73
86.67

R
69.56
71.24
68.58
69.41

F1
74.56
75.36
72.82
73.72

Exact
P
85.56
85.17
82.23
83.26

R
66.72
68.11
65.82
66.74

Table 3
Results achieved by the LSI_UNED team in the CLEF eHealth test dataset, for the lenient matching
and exact matching metrics. F1, precision (P) and recall (R) values for each metric are expressed as
percentages. Bold indicates the best setting for each metric.
Test dataset
System setting
Classic+General (Run 3)
Transfer+General (Run 1)
Classic+Clinical (Run 4)
Transfer+Clinical (Run 2)

F1
83.66
83.88
83.71
83.77

Lenient
P
90.88
90.28
89.75
89.73

R
77.51
78.33
78.43
78.55

F1
80.14
80.07
79.57
79.82

Exact
P
87.06
86.17
85.30
85.50

R
74.25
74.76
74.55
74.84

Some insights can be drawn from the results obtained by the proposed settings of our system
regarding the different development datasets and the test dataset. It can be seen that, in general,
transfer learning techniques applied to negation detection provide some improvements to the
classic approach, particularly in the case of the held-out development dataset, while the best
results for the same-sample dataset are achieved using the classic approach. However, in this
same-sample dataset the differences are quite small. Regarding the use of general domain or
clinical embeddings, again the most noticeable differences occur in results for the held-out
dataset. Considering the test dataset, we can observe that the setting that obtains the best F1
measure in the lenient matching metric uses general domain embeddings and transfer learning
techniques. However, the small differences between the four different runs submitted for the task
indicate that the good performance shown by our system is more attributable to the proposed
deep learning architecture (Bi-LSTM + CRF) than to the use of transfer learning techniques or
different embeddings. In addition, we can observe that the results achieved in the test dataset
are quite close to those obtained in the same-sample development dataset, and higher than
those obtained in the held-out development dataset. This might indicate that the test dataset
developed by the organizers is possibly more similar to the same-sample development dataset,
and hence to the training dataset.

Table 4 illustrates the behaviour of the four different configurations of the system for each
of the entities and hedge cues in the task: Abbreviation (Abb), Anatomical_Entity (AE), Conditional_Temporal (CT), Degree (Deg.), Finding (Find.), Location (Loc.), Measure (Meas.), Negation (Neg.), Type_of_Measure (TM) and Uncertainty (Unc.). System configurations are the same
as shown in Tables 1, 2 and 3: Only F1 score for the lenient evaluation is shown in order to
simplify the table.

Table 4
Results achieved by the different runs of the LSI_UNED team in the CLEF eHealth test dataset, for each
of the proposed entities. Metric is lenient F1, expressed as a percentage. Bold indicates the best setting
for each entity.
Setting
C+G
T+G
C+C
T+C

Abb.
90.70
91.22
91.04
92.20

AE
82.08
82.83
81.67
82.50

CT
57.14
36.36
50.00
50.00

Deg.
44.44
46.93
65.71
63.77

Entities
Find. Loc.
75.34 65.89
73.01 66.87
71.93 66.87
73.03 65.54

Meas.
88.89
88.40
88.32
87.52

Neg.
92.09
92.26
94.50
90.05

TM
86.28
88.25
89.26
89.28

Unc
70.06
72.33
66.62
66.71

As mentioned before, no major differences are found when comparing neither the “Classic”
against the “Transfer” initialization schemes, nor the “General” against the “Clinical” word
embedding models employed. The main differences can be seen regarding entity Degree, for
which the use of clinical embeddings clearly improves the results compared to those obtained
when using general domain embeddings. On the other hand, general domain embeddings
offer quite better results than clinical embeddings for hedge cue Uncertainty. The use of
the proposed transfer learning setting brings slight improvements for entities Abbreviation,
Anatomical_Entity, Type_of_Measure and Uncertainty, while negation hedge cues only benefit
from this transfer learning technique when using general domain embeddings. All these results
reinforce the idea that the good results offered by the system are a consequence of the proposed
deep learning architecture, over and above the use of transfer learning technique or specific
embeddings.
Finally, Table 5 shows the comparison of results obtained by the best run of each system
participating in the CLEF eHealth 2021 task (SpRadIE), according and ordered by the F1 measure
for the lenient matching metric, as provided by the organizers.
Comparing our system with other participating systems, our best run is ranked second in the
task, out of seven participants. Moreover, we are able to obtain the highest precision scores,
both in the lenient and in the exact matching metrics. Regarding F1, our team is just 1.63%
behind the best system in the lenient metric, and 0.19% in the exact metric, while the differences
between our results and those obtained by the third best system are much higher (5.41% and
6.94%, respectively). In addition, thanks to the information provided by the organizers upon
completion of the evaluation, we know that our runs are able to obtain the best F1 lenient values
for detecting entities Finding and Measure, and the second best for entities such as Abbreviation,
Degree or Negation. Since Finding, Abbreviation and Negation are considered separately for

Table 5
Results achieved by the participating systems in the CLEF eHealth test dataset, for the lenient matching
and exact matching metrics. F1, precision (P) and recall (R) values for each metric are expressed as
percentages. Results are ordered by the F1 lenient metric, and bold indicates the results of our best
setting.
Test dataset
System
EdIE-KnowLab
LSI_UNED
ctb madrid
HULAT_MA
SINAI
SWAP
ims_unipd

F1
85.51
83.88
78.47
75.64
73.70
59.17
16.00

Lenient
P
87.24
90.28
78.62
78.38
86.07
70.18
9.29

R
83.85
78.33
78.32
73.08
64.43
51.14
57.62

F1
80.26
80.07
73.13
64.92
67.96
47.84
9.38

Exact
P
81.88
86.17
73.27
67.28
79.37
56.75
5.45

R
78.70
74.76
72.99
62.73
59.42
41.35
33.77

classification (see Section 4.1), this could indicate that using separate classifiers for each entity
might bring important improvements.

6. Error Analysis
In this section we present some systematic errors affecting the performance of the proposed
system that were detected during the development phase:
• The system is not able to process some of the discontinuous entities included in the
dataset. These entities represent 4.64% of the held-out dataset and 4.12% of the samesample dataset. The annotation of some of those entities has been avoided in order to
prevent the system from mislearning particular entities. For instance, the original text
“VIA BILIAR intra y extrahepatica” should result in the detection of entities “VIA BILIAR
extrahepatica” and “VIA BILIAR intra hepatica”. However, it is particularly difficult to
design an annotation scheme for representing both entities in the training step, hence
our system is not taking this particular case into account.
• Although the system includes different CRF layers for addressing overlapping entities,
the total number of CRF layers is less than the total number of entities in the task. As
mentioned in Section 4.1, only those entities most frequently involved in overlapping
issues were selected for being classified in a separate CRF layer, from the preliminary study
of the provided corpus. The main reason for this decision was to reduce the complexity
of the final deep learning stack. However, although the remaining cases of overlapping
entities may represent a small proportion of the total number of cases, some errors might
come from this design choice.
• Documents within the training corpus were not tokenized and contained misspellings
due to the specific nature of medical texts. Our system does not consider special solutions
for misspelling errors, and the tokenization step only considers whitespace as a token

delimiter. This fact usually leads to recall issues that, in our case, are addressed by
considering subword information through the use of FastText embeddings.

7. Conclusions and Future Work
In this paper we described the deep learning architecture proposed for the Multilingual Information Extraction task (SpRadIE) of CLEF eHealth 2021. We explored the use of transfer learning
techniques taking advantage of information from negation detection tasks, and we also analyzed
the differences in results when using general domain embeddings and clinical embeddings. The
obtained results are quite promising, especially with regard to the proposed deep learning stack,
composed of Bi-LSTM layers and CRF classifiers, and dividing the classification of those entities
more likely to appear embedded or in a discontinuous form within the dataset. Improvements
provided by the use of transfer learning were only found in specific settings. We obtained the
second best F1 score among the participants in the task, not far behind the first place, and the
best precision score in the task.
One of the first future lines of work should be exploring further decomposition of the
annotation scheme used in the documents, for analyzing the effects of classifying, for instance,
each entity separately. We consider that transfer learning techniques are a promising line of
research within the task, however, a different secondary task more related to the main NER task
should probably be found for the effects of this transfer learning to be noticed. We consider that,
in this task, the influence of negation hedge cues within the addressed task is not strong enough
for transfer learning from the considered secondary task to make a real difference. Finally,
further exploration of the different word embedding models considered for this work might be
an interesting research line. For instance, the combination of both general and clinical word
embeddings, either by averaging or concatenating them could offer some additional insights on
the behaviour of the different models.
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