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Abstract
This paper presents a first look at CCEE (Complex Context-aware Event Extraction), a currently in the works novel
evaluation dataset for context-rich gene regulatory network extraction from scientific literature. We propose an
annotation scheme for cancer research papers, capturing both core gene interactions and extensive contextual
information across 10-14 categories per event, addressing limitations in existing datasets to test construction of
disease specific biomedical knowledge graphs. Unlike previous datasets that focus primarily on entity connections
of isolated triplets, CCEE links contextual attributes directly to gene regulatory events, providing a more integrated
representation of scientific knowledge. We illustrate the annotation on 9 papers manually labeled by multiple
experts, and give a first impression of challenges and ways to address them. Additionally we show first evaluations
of LLMs as an annotation system. While it under performs human experts in interaction type labeling, it matches
human performance on attributing entities as context to interactions.
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1. Introduction

The gene regulatory networks (GRNs) underlying diseases like cancer can be represented through
knowledge graphs (KGs). Which then can be used to find therapeutic targets [1, 2]. GRNs in particular are
context dependent and highly influenced by external factors [3, 4], making the extraction of experimental
conditions a crucial addition to the entities and relations involved. Due to data scarcity The automated
construction of GRNs remains challenging [5], even more so the extraction of regulatory events and
their additional biological context. This is due to data scarcity and focus of existing datasets on the
direct relations between entities rather than the surrounding context, e.g. experimental conditions.
The data sets that capture connections individually can make linking them to the regulatory event
ambiguous.

To address this, we focus on linking contextual information directly to interaction triplets. Here
we give a first look into the work in progress on the evaluation dataset for Complex Context-aware
Event Extraction CCEE. Together with biomedical experts, we annotated 9 full-text articles on cancer,
identifying more than 200 matched events, comprising of the core interaction triplet and additional 9 or
13 contextual categories (Table1).We choose cancer as the domain, since the changes in GRNs often
lead to the disease and the amount of publications is so vast that even human experts can not keep up
with all new findings. Making it a perfect candidate for automated KG construction. Providing longer
more in depth events than typical triplets.

Since LLMs offer a potential solution for fields lacking extensive training data, including biomedical
annotations [6, 7], we test the performance of Mistral Large 2 [8], providing a preliminary qualitative
analysis to analyze which categories of LLM annotations are effective.
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Related Work

Multiple datasets have been developed for biomedical event extraction, each with distinct focus and
annotation approach. Examples include MLEE [9], GE11 [10], CG [11], and BioRED [12].

The MLEE (Multi-Level Event Extraction) corpus contains 262 PubMed abstracts on angiogenesis,
with 8̃,000 entity mentions and 6,000 events. It spans 19 entity types and 40 event types across
molecular to organism levels, capturing multi-scale biological interactions.

The GE11 (GENIA Event) corpus, developed for BioNLP Shared Task 2011, includes 1,200 MEDLINE
abstracts annotated for gene expression, protein interactions, and biochemical events, serving as
a benchmark for molecular event extraction.

The CG (Cancer Genetics) corpus, developed for BioNLP Shared Task 2013, contains 600 documents
with more than 17,000 events, 21,683 entity annotations, and 917 relations, focusing on cancer-
related pathological and physiological processes.

The BioRED (Biomedical Relation Extraction Dataset) spans 600 PubMed abstracts, annotating
gene, disease, and chemical relations. It uniquely distinguishes novel findings from established
knowledge, enhancing relation extraction capabilities.

While these datasets provide a significant basis for biomedical information extraction, they share
several limitations. With the exception of BioRED, these datasets all focus on abstracts, potentially
leaving out additional information about experimental design. Additionally, none of them focus on
capturing contextual information around annotated events. While BioRED also captures disease, species,
cell line and chemical category, it does not annotate non-chemical treatments, the level of regulation,
the tissue or general associated factors.

2. Dataset Creation and Annotation Methodology

In contrast to the existing resources, CCEE, was designed for the purposes of applications that require a
deeper understanding of the context and relationships within biomedical research, like disease KGs and
specifically to test generative models as information extractors. The events we extract are enriched with
contextual data spanning 13 context categories for G-D and 9 for G-G interaction 1. This allows us to
test the capability of models to detect and extract these events which build the basis for KG construction
and automated context aware knowledge linking. The 3 main differentiating factors from existing
datasets are the following.

1. Full-text analysis: Unlike the abstract-focused approaches of MLEE, GE11, and PHEE, our
dataset annotates complete research papers, capturing the rich context typically found in methods
and results sections that is absent from abstracts.

2. Comprehensive contextual integration: We are capturing two main event types Gene-Gene
(G-G) and Gene-Disease (G-D) interactions, adding extensive contextual information to each
event, to better reflect the contextual nature of GRNs. Our annotation schema connects direct
regulatory relationships with their broader experimental and biological context(Table 1).

3. Event-centric contextual linking: Rather than treating disease states, experimental models,
and treatments as separate events, our approach explicitly links these elements as contextual
attributes of gene regulatory events, creating a more integrated representation of the scientific
knowledge.

To select our annotation corpus, we filtered the PubMed Open Access database with a specific focus
on cancer research literature. Documents were pre-processed using Hunflair 2 [13] to identify gene,
species, and disease entities, which enabled us to filter papers based on gene frequency and cancer
mentions. to avoid outliers and to avoid annotating papers with no gene specific information. We
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removed the upper and lower 25% of papers by unique gene count, we randomly selected documents
for annotation.

To optimize the annotation process while preserving contextual integrity, we implemented a win-
dowed information extraction. For each gene identified by Hunflair 2, we extracted the surrounding
sentence in both directions, and merged overlapping windows. Splitting each paper on average into
11.5 blocks containing 11.43 sentences, each block got its own ID. This strategy maintained critical
contextual information while reducing annotator cognitive load.

Our annotation schema was then developed iteratively through consultation with expert medical
researchers who specialize in lung cancer and radiation treatment research. Due to the absence of
established guidelines for complex event annotation with multiple contextual categories, we are refining
our approach through successive iterations. We recruited two annotators with formal education in
biology and specific experience in genetics and molecular biology. The annotators underwent initial
training through shared annotation exercises before proceeding to independent annotation work.

The current annotation schema distinguishes between two primary event types: G-G and G-D
relationships. When annotators identified these relationships, they systematically documented the
connection and populated multiple contextual categories those can be seen in table 1. We use 3 types
of labels, predefined labels, and free text fields which are used to capture hard to define categories
like associated factors. Those free text fields are also included to specifically test LLM performance on
understanding potentially important information that doesn’t fit the annotation scheme.

2.1. Annotation Matching Methodology

Establishing a reliable matching procedure for evaluating inter-annotator agreement presents significant
challenges in relation extraction tasks, particularly when annotations lack unique identifiers. In our
dataset, annotations are only associated with source sentences and block IDs, neither of which provides
sufficiently granular identification as multiple distinct events may originate from the same textual
source.

To address this challenge, we implemented a context-based matching approach. For G-D relationships,
two annotations were considered a match when both the disease entity and gene entity overlapped
between annotators within the same block ID. Similarly, for G-G relationships, annotations were
matched when both the primary gene and connected gene aligned between annotators within the same
block ID.

Potentially, more stringent matching criteria could further increase precision by incorporating
additional contextual elements. For instance, in cases where an event appears multiple times with
differing contextual information (e.g., the same G-G interaction mentioned in relation to different cancer
types), our current approach may produce ambiguous matches. However, this would reduce the number
of categories available for annotation scheme evaluation, as categories used for matching were excluded
for inter-annotator agreement.

2.2. F1 Score Calculation

For each annotation, we determine if a corresponding one existed in the same assigned chunk from
the second annotator. The total number of unmatched entries per annotator was subtracted from their
total annotation count to derive true positives. Unmatched annotations formed false positives and
negatives.This approach yielded asymmetrical results due to the fuzzy entity boundaries[14]. Results
are reported in Table 2.

Table 3 further details the matching statistics, indicating that approximately 61.7% of Anno2’s G-G
relationships were matched with Anno1, while 61.1% of Anno1’s G-G relationships were matched
with Anno2. For G-D relationships, the matching rates were 54.1% and 61.2% for Anno2 and Anno1,
respectively.

While F1 scores provide insights into annotation overlap, more robust statistical measures are
required to assess true inter-annotator agreement while accounting for chance agreement. Therefore,
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we extended our evaluation using Cohen’s Kappa and Gwet’s AC1 coefficients [15].

2.3. LLM-Assisted Annotation Matching

A significant methodological challenge arose from our use of unnormalized entities and free-text
categorical annotations. Traditional string-matching approaches are inadequate for such data, as

Table 1
Overview of the Categories and type of annotation done respectively.

Category Annotated for Short explanation Label

Associated_Factors G-G, G-D
Free text, keywords, describing ad-
ditional info

text

Cellline G-G, G-D If a cell-line was mentioned entity
Confidence G-G, G-D perceived confidence of an event predefined
Connected_Gene_Protein G-G A gene connected to another gene entity

Connection_Disease G-D
role of the gene connected to the
disease (progression, suppression,
connected)

predefined

Connection_Treatment G-D Effect of the treatment predefined

Connection_Type G-G
Lable to describe connection be-
tween gens

predefined

Disease G-G, G-D
The disease that is mentioned in
connection to a gene

entity

Disease_Mechanism G-D
The mechanisms the gene is in-
volved in that effect the disease

text

Gene_Protein G-G, G-D
The Gene that is mentioned in con-
nection to a disease or another pro-
tein

entity

Regulation_Level G-G
In which level of gene regulation
does the gene gene interaction take
place

predefined

Sentence G-G, G-D
Where in the text did we find the
supporting evidence

number

Species G-G, G-D
The species the connection was ob-
served in

entity

Tissue G-G, G-D
The Tissue the connection was ob-
served in

entity

Treatment_Exposure G-G, G-D
What treatments were used e.g.
drug tests

Treatment_Mechanism G-D What does this treatment effect text

Type_of_Evidence G-G, G-D
What kind of evidence do we have
direct, indirect, citation

predefined

connection_disease_marker G-D
If the gene is a marker for the dis-
ease or its outcomes

predefined

treatment_mechanism_type G-D
If the treatment is acting as a trans-
porter or through targeting

predefined

Table 2
Resulting asymmetrical scores between annotator 1 and 2.

Relationship Type Precision Recall F1 Score

G-G Anno1 0.61 0.53 0.57
G-D Anno1 0.61 0.50 0.55
G-G Anno2 0.62 0.71 0.66
G-D Anno2 0.54 0.66 0.60
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Table 3
Details of matching statistics. G-G Anno1 e.g. refers to the percentage of the annotations of annotator 1 accepted
by matching to annotator 2.

Relationship Total Matched (%) Unatched (%) Total Matched (%) Unmatched (%)
Type Anno1 Anno2

G-G 201.0 61.7 38.3 175.0 61.1 38.9
G-D 209.0 54.1 45.9 170.0 61.2 38.8

they fail to capture semantic equivalence when annotators use different phrasing to express identical
concepts. To address this limitation, we implemented a LLM as a judge approach for determining
categorical matches. For multi-value categories, we considered annotations to match if at least one entry
overlapped semantically as determined by the LLM, the prompt can be found in the project GitHub.
To validate this approach, a subset of categories was also matched manually by human annotators.
This validation process revealed that the LLM-based matching achieved consistently high agreement
with human judgment, with Cohen’s Kappa above 0.86 across tested categories (See Appendix), while
marginally under performing rules-based matching in categories where predefined labels are meant to
be matched.

2.4. Sentence-Level Agreement Analysis

Beyond entity and relationship matching, we also evaluated the consistency of text selection by ex-
amining the specific sentences from which annotators extracted information. This analysis reveals an
interesting pattern: while annotators achieved only moderate rates of exact sentence matching (38.9%
for G-G and 24.7% for G-D relationships), the average matching rate increases to 57% and 51%, respec-
tively. This agreement improves substantially when considering a window of ±1 sentence around the
selection. The average range match, which calculates the overlap percentage while including adjacent
sentences, reaches 78.8% for G-G and 83.0% for G-D relationships. The higher range-match percentage
for G-D relationships, despite lower exact matching, suggests that disease-related information is often
distributed across adjacent sentences, requiring broader contextual integration.

2.5. Comparison of Agreement Metrics

Figure 1 illustrates the comparative performance of Cohen’s Kappa and Gwet’s AC1 coefficients across
annotation categories for G-G connections. A notable divergence between these metrics is observed in
several categories, which can be attributed to the prevalence of unbalanced label distributions in our
dataset. [16]

Categories such as Cell Line, Species, and Tissue frequently exhibit this imbalance due to the absence
of explicit information in the source text, resulting in numerous empty annotations. Similarly, the
Confidence category shows distortion due to a predominance of "high" confidence annotations. This
pattern aligns with known limitations of Cohen’s Kappa, which can produce paradoxically low values
despite high observed agreement when marginal probabilities are imbalanced—an effect often referred
to as the "Kappa paradox" in the literature[16].

Gwet’s AC1, while conceptually similar to Cohen’s Kappa, incorporates adjustments that provide
greater stability when analyzing unbalanced categories. In the context of annotation evaluation, a
threshold of 0.6 is considered acceptable for downstream applications [17].

Of particular note, the Species category in G-G interactions falls below this threshold with a Gwet
AC1 score of approximately 0.54. This lower agreement stems from inconsistent understandings when
the context was clearly linked, additionally the use of a very rudimentary annotation environment
increases the chance of simple overlooking an entity mention.
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Figure 1: G-G connection compared between the two annotators comparing the kappa scores and gwet scores
with and without LLM matching instead of standard string matching.

2.6. Gene-Disease Relationship Agreement Analysis

G-D relationships showed lower inter-annotator agreement than G-G relationships, requiring refinement
of annotation guidelines. "Connection Disease" and "Connection Treatment" failed to meet the 0.6
threshold for reliable biomedical annotations [17], indicating interpretation challenges. Annotator
discussions revealed issues stemming from category underdefinition. For example, when two genes
interact in relation to a specific cancer, it remained unclear whether both genes should be annotated as
connected to the disease, or only one—and if so, which one. The definition of when a gene or treatment is
considered to regulate a disease also needs clarification. For "Connection Disease," annotators frequently
disagreed on directionality, with one assigning directional relationships while the other chose non-
directional labels. In "Connection Treatment," 13% of cases had mismatched directional labels, and 23%
disagreed on relationship existence, further suggesting definitional problems. Categories like "Species,"
"Tissue," and "Cell Line" also failed to reach acceptable agreement. The consistent low agreement in
G-D relationships, despite acceptable G-G relationship agreement, highlights the greater challenges in
annotating gene-disease interactions, driven by less obvious interaction definitions and by extension
less clarity of which context to include.

3. Comprehensive Annotation Statistics and Agreement Analysis

3.1. Annotation Volume and Matching Overview

Our annotation corpus comprises a substantial body of biomedical relation extraction annotations
distributed across two major event types. Annotator 1 (A1) produced a total of 410 annotated events,
while Annotator 2 (A2) generated 345 events. These annotations were distributed relatively evenly
between G-G and G-D relationships, with A1 creating 201 G-G and 209 G-D events, and A2 producing
175 G-G and 170 G-D events. The matching analysis revealed that for A1, 124 G-G events and 113 G-D
events had at least one corresponding match in A2’s annotations. Conversely, 107 G-G events and
103 G-D events from A2 had at least one match in A1’s dataset. This yields overall matching rates of
approximately 62% for A1’s annotations and 61% for A2’s annotations, consistent with our earlier F1
score analysis.

3.2. Category-Specific Agreement for G-G Relations

For G-G relationships, we calculated observed agreement across multiple contextual categories. Table
4 presents these agreement scores. These agreement rates reveal substantial variability in annotator
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Table 4
Observed agreement rates across categories for G-G relationships.

Category Observed Agreement

Associated Factors 0.53
Cell Line 0.88

Confidence 0.71
Connection Type 0.59

Disease 0.71
Regulation Level 0.56

Species 0.61
Tissue 0.82

Treatment Exposure 0.91
Type of Evidence 0.77

consensus across different contextual dimensions. Particularly strong agreement was observed for Treat-
ment Exposure (0.91), Cell Line (0.88), and Tissue (0.82), suggesting these categories have well-defined
boundaries that facilitate consistent annotation. Conversely, Associated Factors (0.53), Regulation Level
(0.56), and Connection Type (0.59) demonstrated marginal agreement levels, indicating potential areas
for guideline refinement.

3.3. Annotation Complexity and Volume

The annotation schema implemented in this study captures substantial contextual information beyond
the core entity relationships. For G-D annotations, each event required documentation of the gene,
disease, and 14 additional contextual attributes, resulting in 3,344 total data points from Annotator 1
and 2,720 from Annotator 2. Similarly, G-G annotations captured the primary gene, connected gene,
and 10 contextual attributes, yielding 2,412 data points from Annotator 1 and 2,100 from Annotator 2.

3.4. Annotation Methodological Approach

Our annotation framework incorporated three distinct annotation methodologies to capture the full
spectrum of biomedical information:

1. Named entities: Capturing specific biomedical entities such as genes, diseases, and treatments
2. Relations: Documenting the connections between identified entities
3. Free text fields: Providing flexibility to capture contextual information that does not conform to

standardized categories

The inclusion of free text fields is essential for preserving information that might otherwise be
lost in a more rigid annotation framework, though this approach introduced additional challenges for
inter-annotator agreement assessment as discussed in our methodological section.

3.5. Unique Features of the Dataset

The goal of the finished dataset is to advances biomedical NLP by addressing gaps in context-aware
gene regulatory network extraction. It captures the complex contextual dimensions of G-G and G-
D relationships, providing depth for evaluating automated knowledge graph construction. With
annotations from 9 cancer research papers, it includes over 200 matched events and 2,000 contextual
data points. Despite lower inter-annotator agreement in G-D relationships, this variability serves as a
valuable benchmark for measuring annotation precision and recall.

The dataset combines structured categorical annotations and free-text fields, capturing nuanced
contextual information. This design is ideal for evaluating large language models and human annotators.
By offering detailed performance metrics across multiple annotation categories, the dataset will help
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identify strengths and weaknesses in generative models, providing insights into the challenges of
extracting biological context for precision medicine applications.

4. LLM Baseline Experiments

To establish a technological baseline for our complex biomedical relation extraction task. We employed
Mistral Large 2, providing it with the same annotation instructions and two representative examples
before tasking it with independent annotation to then be compared against human baseline.

Table 5
Performance comparison between Mistral Large and human annotators (A1 and A2)

Annotation Precision Recall F1 Score Precision Recall F1 Score F1 Score
Type (Human as (Human as (Human as (AI as (AI as (AI as human

Reference) Reference) Reference) Reference) Reference) Reference) baseline

G-G vs. A1 0.63 0.33 0.43 0.30 0.58 0.39 0.57
G-D vs. A1 0.91 0.43 0.58 0.41 0.86 0.55 0.55
G-G vs. A2 0.74 0.44 0.55 0.42 0.70 0.52 0.66
G-D vs. A2 0.74 0.43 0.54 0.41 0.72 0.53 0.60

The F1 scores are slightly below human inter-annotator agreement, except for G-D annotations
compared to Annotator 1, where the LLM performed similarly. Notably, there’s a significant asymmetry
between precision and recall metrics.

This asymmetry is due to the volume of annotations. Mistral 2 generated more G-D and G-G
events than human annotators, but only 30-40% of LLM-annotated events matched human annotations,
compared to 55-61% agreement between human annotators.

Sentence selection patterns of both annotators and the LLM showed similar performance.
These findings support that while the LLM may generate more false positives, they can detect many

of the events.

Figure 2: Overview of Annotator compared with mistral across the annotated categories for G-G interactions.

As illustrated in Figure 2 for G-G data, category-specific performance reveals interesting patterns.
While Mistral underperformed in categories requiring relationship interpretation between entities, it
achieved comparable or superior performance to human annotators in entity extraction categories , for
these entity-based categories, the LLM demonstrated higher agreement with both human annotators
than the human annotators achieved with each other, suggesting particular strength in expanding
events with additional contextual information. A similar pattern was observed in G-D.
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5. Conclusion

Our work-in-progress dataset aims to serves as seed and evaluation data for assessing LLM annotation
performance and establishing groundwork for synthetic data generation. A key application is testing
components for automatic KG construction, specifically relation extraction with contextual categories
that enable cross-source data connections.

Preliminary evaluations using Mistral Large 2 showed the model performing below human annotators
in interaction labeling, yet achieving comparable or superior performance in attributing context to
detected events.

5.1. Limitations & Future Work

This initial exploration of Complex Context-aware Event Extraction in cancer research has limitations
due to dataset size and using only two annotators. Inter-annotator agreement challenges, particularly
in categories like "Connection Disease & species," revealed guideline ambiguities and annotation
environment problems.

We identified three main issues: (1) underdefined criteria for gene-disease events causing disagree-
ment, (2) lack of automated highlighting leading to missed entities, and (3) pre-annotated entities
without proper ID linking creating matching problems alongside limited positional data.

To address these challenges, we will: define clear G-D connection criteria similar to BioRED [12]
guidelines; redo annotations using software like TeamTat to resolve highlighting, position information,
and normalization issues; and extend guidelines with more examples and case differentiation. Future
plans include dataset expansion and adding a third annotator for the final release.

We hope to stimulate discussion on integrating contextual information for KG construction and
evaluating LLMs as annotators for disease-KG construction.

6. Data Availability and Ethical Considerations

The data set, prompts and the (revised) annotation guidelines will be made available at:
https://github.com/FMLabonte/CCEE_for_GRNs
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A. Appendix

A.1. LLM as a judge evaluation

Notably, in several instances, the LLM demonstrated higher agreement with individual human annotators
than the human annotators achieved with each other, suggesting the LLM’s effectiveness as an impartial
judge for this task.

For this matching procedure, we employed GPT-4o with a temperature setting of 0 to maximize
deterministic outputs. This approach was primarily applied to categories containing full-text or entity
annotations where semantic rather than exact matching was appropriate.
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A.2. Tables

Table 6
Cohen’s Kappa scores between annotators and the LLM judge across various annotation categories.

Category Anno1 vs. GPT Anno1 vs. Anno2 Anno2 vs. GPT

Treatment 0.99 - -
Associated Factors 0.86 - -

Disease 0.87 0.822 0.89
Cell Line 1.00 - -

Treatment Mechanism 0.93 - -
Species 1.00 - -

Disease Mechanism 0.93 0.81 0.98
Tissue 0.95 - -

Table 7
Sentence-Level Agreement Statistics for Human Annotators.

Relationship Total Matched Exact Sentence Average Sentence Average Range Match
Type Events Match(%) Overlap (%) (±1 sentence) (%)

G-G 131 51 (38.9%) 57.0% 78.8%
G-D 146 36 (24.7%) 50.7% 83.0%

Table 8
Sentence Selection Comparison Between Human Annotators and LLM

Comparison Relationship Total Exact Average Average Range
Type Matched Sentence Sentence Match (±1

Events Match (%) Overlap (%) sentence) (%)

Human vs. LLM G-G 164 65 (39.6%) 60.1% 81.5%
Human vs. LLM G-D 223 90 (40.4%) 60.5% 99.2%
Anno1 vs. LLM G-G 121 47 (38.8%) 59.2% 81.1%
Anno1 vs. LLM G-D 235 59 (25.1%) 46.9% 81.4%

Table 9
Detailed Matching Statistics Between Human and LLM Annotations

Annotation Human Human Human LLM LLM LLM
Type Total Matched (%) Unmatched (%) Total Matched (%) Unmatched (%)

G-G (Anno1) 201 149 (74.1%) 52 (25.9%) 339 141 (41.6%) 198 (58.4%)
G-D (Anno1) 209 155 (74.2%) 54 (25.8%) 362 150 (41.4%) 212 (58.6%)
G-G (Anno2) 175 111 (63.4%) 64 (36.6%) 339 101 (29.8%) 238 (70.2%)
G-D (Anno2) 170 154 (90.6%) 16 (9.4%) 362 147 (40.6%) 215 (59.4%)
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A.3. Figures

Figure 3: Overview of Annotator compared with mistral across the annotated categories for G-D interactions.

Figure 4: G-D connection compared between the two annotators comparing the kappa scores and gwet scores.

Declaration on Generative AI
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