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Abstract 
The automatic recognition of biomedical relationships is an important step in the semantic understanding of 

the information contained in the unstructured text of the published literature. The BioRED track at 

BioCreative VIII aimed to foster the development of such methods by providing to the participants the 

training BioRED corpus, a collection of 600 PubMed documents manually curated for diseases, 

gene/proteins, chemicals, cell lines, gene variants, and species, as well as pair-wise relationships between 

them being: disease-gene, chemical-gene, disease-variant, gene-gene, chemical-disease, chemical-chemical, 

chemical-variant, and variant-variant. Furthermore, relationships are categories into these semantic 

categories: positive correlation, negative correlation, binding, conversion, drug interaction, comparison, co-

treatment, and association. Unlike the previous publicly available corpora, all relationships are expressed at 

the document level as opposed to the sentence level, and as such they are marked by their corresponding 

database concept identifiers. As such, diseases and chemicals are normalized to MeSH, genes (and proteins) 

to NCBI Gene, species to NCBI Taxonomy, cell lines to Cellosaurus, and gene/protein variants to dbSNP. 

Finally, each annotated relationship is categorized as novel depending on whether it is a novel finding, or 

experimental verification in the publication it is expressed in, so that it is distinguished from other 

relationships in the same text that provide known facts and/or background knowledge. The BioRED track at 

BioCreative VIII further provided 400 newly published articles annotated as above, to serve at the testing 

data for the challenge. All articles were manually annotated by expert biocurators at the National Library of 

Medicine (NLM), where each article is doubly annotated in a three round annotation process until full 

agreement is reached between all curators. This document details the characteristics of this novel resource 

for biomedical entity and relationship recognition. Using this new resource, we have demonstrated 

improvements in the biomedical entity and relationship recognition algorithms. 
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Introduction 
Biomedical entities appear throughout the biomedical research literature, in studies from chemistry, biology, 

genetics to various other disciplines such as medicine and pharmacology. As such, biomedical entity names 

are one of the most searched entity types in PubMed (1). Therefore, correctly identifying biomedical entities 

has a significant impact on information retrieval, helping scientists retrieve the relevant literature, and 

helping biocurators identify and catalogue into the knowledge sources the structure, uses, and other 

characteristics and features of each of the entities that could be important to medicine, biology, and human 



health. Furthermore, most research questions directly rely not only on a correct understanding of the 

structure of these entities but equally important on the understanding of their interactions, their usage, and 

their implications with respect to disease and human health, as depicted in Figure 1. This is particularly 

important in the area of large learning models, where developing automated algorithms that correctly 

capture the semantic relationships contained in the text is crucially important to eliminate hallucinations and 

other spurious correlations which may have significant problems in the medical and biomedical domains.  

 

 
Relation extraction is a known task in biomedical text mining, and the BioCreative challenges have 

embraced these tasks since BioCreative II was held in 2007. Figure 2 shows a schematic overview of the 

historical BioCreative relation extraction challenges for which BioCreative has provided the community 

with manually annotated resourced to foster development of automated methods targeting these challenges.  

 

The BioCreative II PPI task (2) focused on the automated extraction of protein-protein interaction 

information from biomedical literature. The BioCreative II.5 IPT task (3) explored the integration of user 

interaction with automated systems for improved information extraction. Moving forward, the BioCreative 

IV CTD and BioCreative V CDR tasks (4) delved into identifying chemical-induce-disease relationships. 

The BioCreative VI PM task (5) centered on precision medicine, aiming to extract relevant information from 

biomedical texts. In 2021, the BioCreative VII DrugProt task (6) addressed drug-protein interactions in the 

context of drug discovery.  

 
Figure 2 A timeline of BioCreative challenges and the relation extraction community tasks 

 

  
Figure 1. Overview of the relationship extraction in the biomedical domain. This illustration depicts the 

importance of factual and correct knowledge discovery based on verifiable facts. 
 

Researcher

Novel T2D candidate 
genes/proteins?

T2D therapeutics 
candidates?

Knowledge discovery Relation extraction

Variants

Cell Lines/
organism models

Gene/Protein

Diseases/ phenotypes

Chemicals/Drugs

CT
D

B
as

e

N
CB

IG
en

e

M
ES

H

Ph
ar

m
G

KB

D
is

G
eN

ET

G
W

A
S

N
CB

I T
ax

on
om

y

U
ni

Pr
ot

db
SN

P

Cl
in

Va
r

Knowledge resources

…

Type 2 diabetes

Exenatide 
Linagliptin 

GLP-1
DPP-4



 

However, publicly available corpora in the biomedical literature often do not appear to annotate semantic 

relationships between entities of multiple types, or at the document level. Moreover, often, the annotated 

entity is not linked to a database concept identifier, and the previously annotated corpora do not distinguish 

relationships between novel findings and background or previously known associations. Developing relation 

extraction systems that accurately address these challenges requires a manually annotated corpus of multiple 

biomedical entity types, and relationships between them, with sufficient examples in the document text and 

enough articles for system training and an accurate evaluation of their performance. The corpus that 

supported the BioRED track at BioCreative VIII is a rich corpus, manually annotated to address these 

challenges.  

 

The BioRED track at BioCreative VIII consisted of two tasks (7):  

Sub-task 1: Given the abstract and human-annotated entities, the goal is to identify all the relationships 

between them in specific types. 

Sub-task 2: Given the abstract, the goal is to develop an end-to-end system to identify all the asserted 

relationships and classify them into specific types. Participants are required to develop their own methods 

for named entity recognition. 

 

The BioRED initiative started in 2021, with the development of the BioRED corpus (8), a collection of 

600 PubMed abstracts pooled from previously annotated corpora (9-13) rich in gene, disease, variant and 

chemical entity mentions, and manually annotated for all chemical, gene, disease, species, gene variants and 

species entities mentioned in the abstracts. The manual annotation of entities involved their normalization to 

the corresponding vocabularies/ontologies, these being: for diseases and chemicals, MeSH(14), for genes 

and proteins, NCBI Gene (15), for species, NCBI Taxonomy (16), for cell lines, Cellosaurus (17), and for 

gene/protein variants, dbSNP (18). Furthermore, the manual annotations included the pairwise relationships 

between those entities, the semantic type of the relationship (i.e., positive correlation, negative correlation, 

binding, conversion, drug interaction, comparison, cotreatment, and association), and the novelty factor, 

namely identifying whether the relationship constitutes a novel finding in the article, or whether it is part of 

the background knowledge. This collection was used in the LitCoin challenge in 2022 

(https://ncats.nih.gov/funding/challenges/winners/litcoin-nlp/details) and later on for the development of the 

BioREx (19).  

 

To support the BioCreative VIII BioRED track, we worked on an even more ambitious endeavor, in that 

we aimed to equip the BioRED track participants with an adequate and current testing dataset. The testing 

dataset was selected to be rich in all the above-mentioned biomedical entities and pair-wise relationships, 

with a similar distribution and composition to the training dataset. Additionally, it was designed to simulate 

a real-life application, to reflect the current research trends in biomedical literature. Each article was doubly 

annotated in a three-round annotation process, where annotator discrepancies were discussed after each 

round until the full consensus was reached. Figure 3 shows an example article in the BioRED-BCVIII 

corpus, and a snapshot of the entity and relationship annotations for that article. 

 

This resource consists of 1,000 PubMed articles, with no restricting conditions on their sharing and 

distributions, fully available for the development of algorithms targeting relationship extraction in the 

biomedical domain, and we expect it to be a significant contribution to this research field.  

 



   
 

 

Methods 

Document Selection Procedure 

The biomedical relationships corpus of the BioRED BioCreative VIII track had these targets:  

 

• be representative of biomedical literature publications that contain biomedical mentions and 

biomedical relationships.  

• target articles that have no restrictions in sharing and distribution  

• be instrumental in training biomedical relation extraction algorithms to produce high-quality results 

even in new, never-before-seen articles.  

 

To select the articles most suitable for algorithm testing, we focused on recently published articles. The 

new algorithms, in a real-life application setting, would be most valuable for the incoming flux of published 

literature. As we experienced with the COVID-19 pandemic, correctly identifying what is discussed in the 

articles, and grouping those articles by the relevant topics, is most crucial, especially in the race to find an 

effective cure and a timely vaccine.  

 

The 400 PubMed articles that constituted the BioRED track testing set were selected to be as similar as 

possible to the BioRED original set of 600 articles, to be complementary, balancing, and a suitable test set, 

that can also serve as a stand-alone corpus (BioRED-BCVIII). The selection criteria included: maximization 

of journal coverage to assure variety, a similar distribution of all entity mentions and identifiers per article, a 

similar distribution of all biomedical relationships per article, and similar language models. 

     

Annotation Guidelines 

The complete BioRED corpus annotation guidelines are publicly available (8). Here we give a quick 

summary.  

 
Figure 3 An example of article annotation data in the BioRED-BCVIII corpus 

 



 

Our guidelines specify which biomedical entities are considered, which entity pairs are considered, which 

semantic type categories are used for annotation, how to assign the entity pairs to the corresponding 

semantic category, and how to decide on a relationship novelty factor based on the article context. It also 

gives specific examples for each case. 

  

Creating high-quality guidelines that fit the annotation task required a multi-step iterative process, starting 

from an initial draft that was revised until clear and refined guidelines were obtained. The guidelines were 

prepared by professional expert annotators with degrees in Chemistry, Biochemistry, Biological Sciences, 

and Molecular Biology, and with ample experience in annotating PubMed literature. 

  

Annotation procedure for the BioRED-BCVIII resource 

 

The BioRED-BCVIII articles are doubly annotated by eight NLM experts in two annotation phases: 

Phase 1, focusing on the annotation of entities, and Phase 2, focusing on the annotation of relationships. 

Each phase consisted of three annotation rounds. All manual annotations were performed using the TeamTat 

annotation tool (20).  

 

For Phase 1, all articles were pre-annotated with entity mentions and their corresponding identifiers 

using the PubTator Central tools (21), and for Phase 2, all articles we pre-annotated with the BioREx 

relation extraction method (19). For each phase, in the first round of annotations, each annotator worked 

independently, reviewed, edited the annotations provided by the applied annotation tool, added new 

annotations that were missed, or deleted erroneous annotations, as needed. In the second round of 

annotations, each annotator reviewed all assigned articles that included their own annotations and their 

partner’s annotations of round 1. In the third annotation round, the annotator identities were revealed to their 

partners, and they discussed each article until they reached 100% consensus.   

 

In addition, to further facilitate the work of the annotators, during the relationship annotation phase, a 

specific visualization tool was built to help visualize the differences in the annotation of the relationships as 

suggested by each annotator. This visualization showed the pair of entities in a relationship, the relationship 

type and the novelty factor for each annotated relationship and included visual cues to identify the 

agreement between annotators and remaining differences.   

 

Corpus Document Format 

 

While annotations can be represented in various formats, the BioRED-BCVIII dataset is available in: the 

BioC (22) (XML and JSON) format, and the PubTator format. These formats were chosen because they 

provided the following advantages: they support annotations representing both mention span (location) and 

entity identifier, articles in the PMC text mining subset (23) are available in the BioC format, the TeamTat 

tool uses the BioC format, the text mining tools we used for pre-annotation support these formats, PubTator 

Central API allows retrieval of any PubMed/PMC Open access article with precomputed annotations in any 

of these formats, and finally, these formats are simple and easy to modify, allowing additional analysis tools 

to be applied rapidly as needed. 

 



 

 

Results and Discussion 
Corpus characteristics 

 

The BioRED-BCVIII track relationship extraction resources are rich in manual bio-entity mention and 

relationship annotations and currently the largest corpus, compatible with previously annotated corpora, 

targeted for developing similar text mining tools. The BioRED training dataset of 600 PubMed articles 

contains 20,419 manual biomedical mention annotations; corresponding to 6,502 manually annotated pair-

wise relationships. The BioRED testing dataset of 400 PubMed articles contains 15,400 manual biomedical 

mention annotations; corresponding to 6,034 manually annotated pair-wise relationships. 

 

  
 

Figures 4 and 5 illustrate the entity and the relationship composition of the BioRED training and testing 

datasets and demonstrate that the resources are: 1) compatible – to foster re-use, acknowledge and build on 

previous efforts of experts, and 2) complementary – to expand on previous knowledge and cover new areas 

of training data.  

 
Corpus technical validation 

 

Table 1 shows the results of our benchmark method on Sub-task 1. Our benchmark is based on our 

previously published method with the original BioRED corpus. The first implementation was trained on 500 

articles as the training data and tested on 100 BioRED articles designated as the testing data. This was the 

original LitCoin challenge setting. The second implementation used the complete 600 articles as the training 

 

Figure 4 Entity Composition in the BioRED training and testing datasets. 
 

 
Figure 5 Relationship composition in the BioRED training and testing datasets. 

 



dataset and the BioCreative-BC8 BioRED testing data as the testing dataset (400 articles). The new testing 

data consists of recently published articles, and contains previously unseen entities, so differences in 

performances are expected. As expected, the performance is robust, while leaving room for further 

improvement.  

 

Table 2 shows similar results on Sub-task 2. For this task, we needed to first identify the entities 

mentioned in the title and abstracts in the articles in the testing dataset, and to perform this step we used two 

tools: the current PubTator Central, and the newest available tool PubTator 3. As displayed, better entity 

recognition predictions result in better relation extraction performance. As expected, the BioRED-BCVIII 

testing dataset is an adequate testing dataset that complements the BioRED training dataset.  

 
Table 1: Sub-task 1 results when applying our PubMedBERT-based benchmark method on the BioRED (2021 version) test set, 

and the BioRED at BioCreative VIII testing dataset. 

 Entity pair 
Entity pair 

+Relation type 

Entity pair 

+Novelty 
ALL 

 P R F P R F P R F P R F 

BioRED test 76.13 75.41 75.77 58.51 57.95 58.23 64.58 63.97 64.28 48.52 48.07 48.29 

BioRED-

BCVIII test 
72.03 76.71 74.29 50.34 53.61 51.93 54.54 58.08 56.25 37.71 40.16 38.90 

 

Table 2: Sub-task 2 results when applying our PubMedBERT based benchmark method on the BioRED (2021 version) test set, 

and the BioRED at BioCreative VIII testing dataset. Because in Sub-task 2 we are not given the entity annotations, we use the 

PubTator Central and PubTator 3 tool outputs as our entity predictions. 

 Entity pair 
Entity pair 

+Relation type 

Entity pair 

+Novelty 
ALL 

 P R F P R F P R F P R F 

PubTator Central – 

BioRED test 
55.06 33.71 41.81 43.26 26.48 32.85 43.26 26.48 32.85 32.58 19.95 24.75 

PubTator Central– 

BioRED-BCVIII  
45.28 37.12 40.80 32.10 26.32 28.92 33.96 27.84 30.60 24.12 19.77 21.73 

PubTator3 – 

BioRED test 
57.40 41.36 48.08 44.99 32.42 37.68 46.78 33.71 39.18 35.92 25.88 30.08 

PubTator3 – 

BioRED-BCVIII  
55.49 47.98 51.46 39.67 34.30 36.79 41.69 36.05 38.66 29.76 25.73 27.60 

 

 

Conclusions 

 
The relationship corpus for the BioRED track at BioCreative VIII is a high-quality corpus and consists 

of: 1) The training dataset, previously published as BioRED, that contains 600 PubMed abstracts, and the 

testing dataset, that contains 400 recently published PubMed abstracts and specifically annotated for the 

BioCreative VIII challenge. The BioRED-BCVIII corpus thus contains 1000 PubMed articles, fully 

annotated for diseases, genes, chemicals, species, gene variants, and cell lines. All entities are also annotated 

with their corresponding database identifiers: NCBI gene for genes and proteins, NCBI taxonomy for 

species, dbSNP for gene/protein variants, MeSH for diseases and chemicals, and Cellosaurus for cell lines. 

Furthermore, all articles are fully annotated for pair-wise relationships between disease-gene, chemical-

gene, disease-variant, gene-gene, chemical-disease, chemical-chemical, chemical-variant, and variant-

variant, and their semantic categories: positive correlation, negative correlation, binding, conversion, drug 



interaction, comparison, cotreatment, and association. Finally, each relationship is categorized for novelty, 

distinguishing whether that relationship is a significant finding for that article, or whether it describes 

previously known facts or background knowledge. The BioRED-BCVIII corpus is a gold-standard corpus 

for biomedical relationship extraction in biomedical articles.  

 

Gold-standard data is crucial for the development of robust models, and we demonstrated that in the 

BioRED-BCVIII corpus both training and testing datasets have matching entity composition and 

distributions, and matching relationship composition and distributions. The training and testing datasets 

introduce new, previously unseen elements, and they complement each other to create a larger, richer gold-

standard dataset for semantic relation extraction in biomedical journals. We tested the new corpus with our 

best performing relation extraction tool, and for Sub-task 2 we paired it with both PubTator Central and 

PubTator 3 predicted entities.  

 

The BioRED-BCVIII relationship resource provides these contributions: 1) High-quality manual 

annotation of six types of biomedical entities, 2) All entity mentions are normalized to standardized 

vocabularies and ontologies, which via UMLS, can be easily mapped to other terminologies, if needed, 3) 

document-level semantic annotation of pair-wise relationships, and 4) novel relations based on article 

context. Annotations were performed by the expert literature biocurators at the National Library of 

Medicine. The annotation guidelines are compatible with previously annotated corpora; therefore, these 

corpora can be used as additional data. This resource will be invaluable for advancing text-mining 

techniques for biomedical relation extraction tasks in biomedical text. 
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