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Abstract

Recent advances in large language models (LLMs) have enabled notable progress in open-domain question
answering, yet their application to specialized biomedical tasks remains limited by challenges in factual reliability,
domain coverage, and evidence traceability. Retrieval-augmented generation (RAG) approaches have shown
promise in addressing these issues by grounding model outputs in external documents. In this work, we introduce
UniTor@BioASQ, a retrieval-augmented pipeline for biomedical question answering, developed for the BioASQ
2025 Challenge (Task 13b). The system combines multi-stage document retrieval with LLM-guided snippet
extraction and unified answer generation across diverse biomedical question types. A key feature of our approach
is the use of synthetic LLM-generated snippets as semantic anchors for document reranking, a strategy not
previously explored at scale in this context. We systematically evaluate the impact of this component, as well as
pseudo-relevance feedback, fine-tuned snippet extraction, and multi-task answer generation, through ablation
studies on official BioASQ 2025 test batches. Results show that UniTor@BioASQ achieves robust performance:
our system consistently ranks among the top five for both ideal and factoid answer generation, and among the
top ten for snippet extraction, despite using compact, open-source models. Analysis highlights the contribution
of snippet-based semantic reranking to retrieval effectiveness, the resilience of fine-tuned snippet extractors
under noisy evidence, and the viability of a unified answer generator for heterogeneous biomedical QA tasks.
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1. Introduction

Large Language Models (LLMs) have become foundational in modern natural language processing,
demonstrating impressive generalization capabilities across a wide range of tasks, including text
generation, summarization, and question answering [1, 2, 3]. Their success, however, often hinges
on access to large, diverse datasets and a strong contextual understanding. In specialized domains
such as biomedicine, these models face additional challenges, including the need for factual accuracy,
domain-specific knowledge, and interpretability. In high-stakes applications like biomedical question
answering, the risk of generating incorrect or misleading information, so-called “hallucinations", is a
critical concern, raising the need for robust and trustworthy solutions [4].

Retrieval-Augmented Generation (RAG) frameworks, since [5], have emerged as a promising approach
to mitigate these limitations by integrating document retrieval mechanisms with LLMs, allowing the
model to ground its generation in external, factual sources. In the biomedical domain, RAG systems have
shown considerable promise: for instance, BiomedRAG [6] demonstrated how incorporating retrieved
documents into the model context can enhance factual grounding, while MedBioLM [7] highlighted the
benefits of combining domain-specific fine-tuning with retrieval for improving biomedical QA. These
systems typically follow a multi-stage pipeline, comprising document retrieval from large biomedical
corpora (e.g., PubMed), document reranking based on relevance, snippet extraction for contextual rele-
vance, and final answer generation conditioned on the selected evidence. However, each of these stages
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introduces its challenges: suboptimal retrieval can lead to irrelevant or noisy documents, aggressive
filtering may discard useful information, and improper conditioning can result in poor answer quality.
In this paper, we present UniTor@BioASQ !, our system developed for the BioASQ [8] 2025 Challenge
(Task 13b) [9]. UniTor@BioASQ implements a fully modular RAG pipeline for biomedical question
answering. BioASQ is an annual challenge on large-scale semantic indexing and question answering in
the biomedical domain?, organized as part of the Conference and Labs of the Evaluation Forum (CLEF)’.
The 2025 edition (13th BioASQ Challenge) includes several tasks, with Task 13b specifically focusing on
biomedical semantic question answering. Task 13b is structured into three distinct phases:

+ Phase A: Systems are provided with English biomedical questions and are required to retrieve
up to 10 relevant articles from the PubMed Annual Baseline Repository, along with up to 10
relevant text snippets extracted from these articles. The goal is to identify and extract evidence
that may help answer the questions. In the intermediate phase called Phase A+, participants
are required to generate answers directly by leveraging the retrieved evidence, articles, and
snippets, as contextual support. Specifically, they must produce either exact answers (yes/no,
factoid, or list) or ideal answers (short paragraph-style summaries) for each question, using the
evidence gathered in Phase A. The questions cover different biomedical information needs and
are categorized into four types:

- Yes/no questions: require a binary answer (yes/no), such as “Do CpG islands colocalise with
transcription start sites?"

— Factoid questions: expect a short answer (up to 5 entities), such as “Which virus is best
known as the cause of infectious mononucleosis?"

— List questions: expect a list of entities (up to 100 entries), such as “Which are the Raf kinase
inhibitors?"

— Summary questions: require a short paragraph summarizing the most relevant information,
such as “What is the treatment of infectious mononucleosis?"

+ Phase B: In this final phase, systems are provided with the same set of questions as in Phase A,
along with the corresponding gold standard articles and snippets selected by biomedical experts.
Using this curated evidence, systems must generate exact answers (for yes/no, factoid, and list
questions) and/or ideal answers (paragraph-sized summaries).

This multi-phase structure enables the evaluation of systems on various aspects of the biomedical
QA pipeline: information retrieval (Phase A), context-aware answer generation (Phase A+), and answer
generation using gold-standard evidence (Phase B). Task 13b was scheduled in 4 batches with two
weeks in between and ran from March 26 to May 08.

In this context, UniTor@BioASQ is a modular system designed to tackle all the main BioASQ 13b
tasks. UniTor@BioASQ integrates:

« Document Retrieval: A multi-stage retrieval workflow combining traditional full-text search
(BM25/Solr), dense embedding-based similarity using pre-trained sentence encoders, and a super-
vised re-ranking model based on transformers, to select the most relevant PubMed abstracts for
each question.

+ Snippet Extraction: A task-adapted LLM, fine-tuned to identify and highlight the most relevant
text spans within retrieved documents, given a biomedical question.

« Answer Generation: A dedicated LLM, trained to synthesize final answers of different types
(yes/no, factoid, list, and ideal/summary) using both the selected documents and extracted snippets
as contextual input.

'https://github.com/crux82/BioASQ2025-UNITOR
*https://www.bioasq.org/
*https://clef2025.clef-initiative.eu/
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While these components reflect strategies widely used in RAG systems for BioASQ [10, 11], our work
differs in that each module is explicitly designed, trained, and evaluated in isolation, allowing for a
systematic investigation of its impact on overall system performance. This experimental setup enables
us to address the following research questions:

Q1. Document Reranking Enhancement: Does generating plausible candidate answer snippets as
an intermediate step, using a generative LLM, provide additional semantic guidance that improves
unsupervised document reranking?

Q2. Query Expansion: How effective are pseudo-relevance feedback strategies that expand the
original question with actual evidence extracted by the snippet module, in terms of retrieving
additional relevant documents?

Q3. Robust Snippet Extraction: Can fine-tuning the snippet extraction LLM with a balanced set
of positive, negative, and borderline training examples improve the robustness and precision of
relevant evidence identification?

Q4. Aggressive Filtering: What are the risks of using the snippet extraction LLM as a hard filter to
discard irrelevant documents, in terms of loss of recall and overall system performance?

Q5. Multi-Task Answer Generation: Does training the answer generation LLM in a multi-task
fashion, leveraging both abstracts and highlighted snippets as input context, improve answer
quality for different biomedical question types?

By evaluating UniTor@BioASQ on all official batches of BioASQ 2025, we provide a detailed empirical
analysis of each pipeline component. Our results show that generating plausible candidate snippets
for document reranking offers consistent, though modest, improvements in retrieval effectiveness.
Query expansion via pseudo-relevance feedback yields mixed results, improving recall in some batches
but not consistently. Fine-tuning the snippet extraction model with balanced positive and negative
examples substantially enhances precision (with our systems placing among the top 10 systems in
several batches out of around 50 systems), although aggressive snippet-based filtering can reduce overall
recall. Finally, multi-task answer generation leveraging both abstracts and extracted snippets yields
the most significant improvements for factoid and ideal answer types, with UniTor@BioASQ not only
achieving consistently above-median performance but also here placing among the top 10 and top 5
systems in several batches and categories, for example, ranking 1th out of 73 for factoid questions and
1th out of 58 for ideal answers. These findings offer practical insights for designing robust and modular
RAG pipelines in biomedical question answering.

In the remainder of the paper, we first discuss related works (Section 2), highlighting prior approaches
to biomedical question answering and RAG pipelines. Section 3 details the methodology we employed
to build a modular biomedical QA system grounded on PubMed, outlining each pipeline component and
its integration. Section 4 presents the challenge official evaluation framework, including the metrics
used and a comprehensive analysis of results from the preliminary BioASQ Task 13b 2025 automatic
evaluation. Finally, Section 5 concludes the paper by summarizing our findings and outlining directions
for future research.

2. Related Works

Large Language Models (LLMs) have demonstrated remarkable versatility across a wide range of natural
language processing tasks, from text generation to information extraction and reasoning [12, 13, 14, 15].
In recent years, Retrieval-Augmented Generation (RAG) has emerged as a key approach for biomedical
question answering (QA) [16]. By integrating external retrieval mechanisms into Large Language
Models, RAG aims to address limitations of closed-book LLMs, such as hallucination and outdated
knowledge, by providing retrieved documents as context for generation. For example, [17] introduced
the MIRAGE benchmark, covering 7, 663 questions from five biomedical QA datasets, including BioASQ,
PubMedQA, and MedQA, and demonstrated that RAG pipelines can improve accuracy by up to 18% over



standalone LLMs like GPT-3.5 and Mixtral. MIRAGE highlights that combining multiple biomedical
corpora and diverse retrievers yields better performance than using single-source retrieval alone.

Beyond traditional retrieval, recent work has also explored automatic topic discovery and structured
prompt generation to enhance interpretability and classification performance. For example, [X] propose
a linguistically guided pipeline that expands user-provided seed terms via Word2Vec to generate seman-
tically rich Subject-Verb-Object (SVO) triples, which are clustered and transformed into natural language
assertions using LLMs. This approach allows dynamic prompt creation for zero-shot classification tasks,
enabling analysts to uncover and define latent topics from large document collections.

Many recent works have focused on BioASQ, the primary benchmark for biomedical QA. [16]
proposed BioRAGent, an interactive RAG system built on both proprietary and open-source LLMs,
which leverages LLMs for query rewriting, snippet extraction, and answer generation while providing
transparent links to PubMed documents. Similarly, [18] describes their participation in BioASQ Task
12b, using a Llama-2-7B model adapted with LoRA within a hierarchical RAG pipeline. Their system
builds BM25 indexes over PubMed Central, employs an ensemble retriever (combining sparse and dense
retrievers), and feeds the top-ranked paragraphs to the LLM, achieving significant gains in both phase
A+ and final answer generation. These studies demonstrate that efficient parameter fine-tuning (PEFT)
of LLMs, combined with hybrid RAG architectures, substantially boosts biomedical QA performance.

Beyond BioASQ, PubMedQA (yes/no questions based on PubMed abstracts) and MedQA (multiple-
choice questions from US medical licensing exams) have been used to evaluate RAG systems. [17] include
PubMedQA and BioASQ-Y/N in their benchmark, testing ability of RAG to retrieve relevant context
even in the absence of in-context examples. [19] specifically analyzes the impact of the “lost-in-the-
middle” problem, where relevant information is not placed early enough in the context, on RAG systems
over PubMedQA and BioASQ-Y/N. MIRAGE also incorporates MedQA-US and MedMCQA (additional
medical exam datasets) to assess RAG performance on multiple-choice questions in clinical contexts
[17]. Overall, these works confirm that RAG methods provide clear improvements over closed-book
LLMs, though careful retrieval design remains critical.

Regarding retrieval strategies, biomedical QA systems employ a variety of approaches, from sparse
lexical retrievers (e.g., BM25) to dense embedding models. Many systems use BM25 as a fast, effective
lexical baseline [17, 18]. Popular dense retrievers include Contriever (contrastive pretraining over
general corpora) and SPECTER (scientific document embedding model), both validated in general-
domain settings [17]. For biomedical tasks, models like MedCPT [20], trained on PubMed search
logs, demonstrate strong performance in encoding clinical queries and documents. Some approaches
integrate multiple resources to maximize information coverage: [17], for instance, uses Reciprocal Rank
Fusion (RRF) to combine BM25 and MedCPT results, yielding optimal retrieval performance. Hybrid
retrieval strategies, retrieving with BM25 for efficiency and reranking with BERT-based models or
domain-specific dense retrievers, are also gaining traction, balancing retrieval accuracy and latency
[21].

Collectively, these studies confirm that RAG pipelines leveraging LLMs, whether general-purpose
or domain-specific, outperform closed-book LLMs on biomedical QA tasks. Nonetheless, challenges
remain in optimal retriever selection and combination, scalability to large biomedical corpora (e.g., full
PubMed), and handling “context-wrangling” issues like lost-in-the-middle effects. The literature suggests
that carefully designed RAG pipelines, integrating LLM contextualization with targeted retrieval from
biomedical repositories, are key to achieving reliable performance in the medical domain.

3. Methodology

In this section, we provide a comprehensive description of the datasets, resources, and methodological
choices underlying our participation in the BioASQ 2025 Challenge (Task 13b). We first present the
corpora and preprocessing steps employed, then detail each module of the UniTor@BioASQ system.
Each component is designed to address one or more of the research questions outlined beforehand,
enabling a systematic investigation of how different retrieval, filtering, and generation strategies impact



overall biomedical question answering performance.

3.1. Data and Resources

A robust biomedical QA system like UniTor@BioASQ critically depends on the availability of both
high-quality domain knowledge and reliable supervised signals for system development and evaluation.
Our methodology leverages two primary resources, each with a distinct and complementary role in the
overall architecture.

PubMed/MEDLINE as the Evidence Source. The backbone of our system is the PubMed/MEDLINE
corpus, which serves as the universal source of biomedical knowledge and evidence. For the 2025
BioASQ Challenge, we utilize the official PubMed baseline?, a collection of approximately 38 million
records, containing titles and abstracts from the biomedical literature. These records are the only
information accessible at retrieval time, reflecting the real-world constraints and evaluation settings of
BioASQ. Efficient large-scale retrieval is a fundamental challenge in this context. To enable fast and
flexible access to the entire PubMed collection, we indexed all titles and abstracts using Apache Solr®, a
scalable and widely adopted search engine. Each document entry in the index is enriched with metadata
and precomputed dense embeddings (Sentence-BERT® [22], PubMedBERT’), which play a dual role:
enabling both traditional sparse (lexical) retrieval and dense (semantic) reranking. This hybrid design
allows our system to balance the high recall of keyword-based methods with the semantic sensitivity
of modern language models, ensuring that relevant documents are surfaced even in the presence of
vocabulary mismatch or nuanced biomedical phrasing.

BioASQ Training Data as Supervised Signal. While PubMed provides the raw knowledge base,
effective system development also requires curated supervision: high-quality question—answer pairs
and expert judgments on what constitutes relevant evidence. For this, we rely on the BioASQ training
dataset [23], which includes 5, 389 manually constructed biomedical questions from the twelve previous
editions of the challenge. Each question is categorized (yes/no, factoid, list, or summary) and annotated
with gold-standard relevant documents, evidence snippets, exact answers, and ideal answers. This
dataset not only reflects the diversity and complexity of biomedical information needs but also provides
ground-truth labels for training and evaluating each system module.

Aligning Data and Pipeline Objectives. The interplay between these two resources shapes every
stage of our pipeline. The PubMed corpus is exclusively used for retrieval and evidence extraction,
while the BioASQ training set is used to supervise and fine-tune our LLM-based models for tasks such
as document reranking, snippet extraction, and answer generation.

To fully exploit BioASQ annotations, we construct a series of task-specific datasets, each aligned to a
core subproblem:

+ For document retrieval and reranking, we generate positive pairs from the gold-standard (question,
relevant abstract) and hard negatives from top-ranked, but non-relevant, PubMed documents.
This exposes models to realistic, challenging retrieval scenarios.

« For snippet extraction, we reformat abstracts to highlight gold evidence spans and supplement
training with negative/borderline examples, teaching models both to extract relevant text and
abstain when no answer is present.

« For answer generation, we aggregate all available context, questions, evidence snippets, abstracts,
and train models to produce type-specific answers in the required BioASQ format.

*https://ftp.ncbi.nlm.nih.gov/pubmed/baseline/
*https://solr.apache.org/docs/9_8_1/
Shttps://huggingface.co/sentence-transformers/all-MiniLM-L12-v2
"https://huggingface.co/NeuML/pubmedbert-base-embeddings
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Each derived dataset is split 80/10/10 (train/validation/test), ensuring rigorous model selection and
avoiding overfitting. By combining the scale and breadth of PubMed with the precision and supervision
of BioASQ, UniTor@BioASQ is able to support both robust retrieval and reliable, context-aware answer
generation. This dual-resource approach is critical for meeting the high standards of factual accuracy,
recall, and explainability required in biomedical QA, as well as for systematically evaluating the impact
of each pipeline module in the downstream tasks.

3.2. UniTor: System Overview

A robust biomedical question answering (QA) system must seamlessly integrate multiple specialized
modules into a coherent Retrieval-Augmented Generation (RAG) pipeline. The overarching objective is
to guide large language models (LLMs) to produce answers that are not only fluent and contextually
appropriate but also firmly grounded in factual evidence, thus minimizing the risk of hallucinations, a
particularly pressing concern in biomedical applications.
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Figure 1: Overview of the UniTor@BioASQ pipeline for biomedical question answering. The system begins
with the input question and follows a sequence of retrieval, reranking, snippet extraction, and answer generation
stages. A synthetic snippet, generated via an LLM, is used for semantic guidance during unsupervised reranking,
while extracted real snippets enable pseudo-relevance feedback for query expansion. Filtering, supervised
reranking, and targeted snippet extraction refine the evidence passed to the final supervised answer generator.
Feedback loops (e.g., snippet-based pseudo-relevance feedback) are clearly highlighted, illustrating the iterative
and evidence-driven nature of the pipeline.

Note: For visual clarity, arrows from the “Question” to all pipeline modules are omitted; in practice, the question

Supervised =
Reranking =

Extraction

.é(

is provided as input to every component of the pipeline, not just those explicitly shown.

Figure 1 provides a high-level overview of UniTor@BioASQ modular pipeline, which is organized
around three guiding principles:

« Effective retrieval of potentially relevant information from a vast biomedical corpus.
+ Precise identification and filtering of the most pertinent evidence within retrieved documents.
+ Resilient answer generation capable of coping with noisy or incomplete context.

To illustrate the workflow, consider the question: "What are the common side effects of the drug
Imatinib?" The pipeline proceeds as follows:

1. Full-text Retrieval. The pipeline begins by submitting the user’s biomedical question as a query
to our Solr-based retrieval system, which indexes the entire PubMed corpus. Using the classical
BM25 algorithm and inverted indexing, the system efficiently retrieves a broad pool of candidate
documents that exhibit high lexical overlap with the query. To ensure comprehensive coverage,
we typically collect the top 1, 000 abstracts per question at this stage. While this method is highly
effective for recall and speed, it may overlook semantically relevant documents whose wording
differs from the query due to the specialized and varied vocabulary of the biomedical domain.



2. Synthetic Snippet Generation for Soft Reranking Guidance. A fundamental limitation of
standard retrieval systems is that, when given a biomedical question as a query, they are designed
to retrieve documents that are lexically or semantically similar to the query itself, which is
typically a question, rather than to the actual answer. In an ideal scenario, if we already possessed
the answer (or a passage containing it), we could append it to the query, thereby enabling the
retriever to prioritize documents that directly contain the sought information. However, since
the answer is unknown by definition, this strategy is not directly applicable. To address this
gap, we leverage recent advances in prompt-based query expansion [24, 25], introducing a novel
intermediate step: synthetic answer snippet generation. Specifically, we fine-tune a decoder-only
LLM on historical BioASQ data [26], training it to generate plausible answer snippets for a
given question by learning from pairs of previous BioASQ questions and their corresponding
gold-standard snippets. When presented with a new biomedical question, the model is thus
able to hypothesize one or more candidate answer passages. For example, in response to "What
are the common side effects of the drug Imatinib?", the model may generate: "Our research shows
that Imatinib is known to cause side effects such as nausea, rash, and edema." Importantly, these
generated snippets are not used to directly reformulate the retrieval query, as this would risk
introducing factual errors or hallucinations into the retrieval process. Instead, we encode the
generated snippet into a dense vector and use it as "soft guidance" during the subsequent semantic
reranking phase. By incorporating the snippet embedding into the document scoring function, the
system is biased to prefer documents that semantically align not just with the original question,
but also with the structure and content of a plausible answer. This strategy aims to bridge the
gap between question-centric retrieval and answer-centric evidence gathering, exploiting the
generative capabilities of LLMs to inject answer-like signals into the retrieval pipeline without
contaminating the search with potentially hallucinated facts. This approach directly addresses our
first research question (Q1): Does generating plausible candidate answer snippets as an intermediate
step, using a generative LLM, improve unsupervised document reranking?

3. Unsupervised and Supervised Reranking. After the initial retrieval, which typically returns
the top 1000 abstracts from the corpus, UniTor@BioASQ applies a two-step reranking pipeline
that balances efficiency with precision. In the first step, unsupervised (dense) reranking, all
candidate abstracts are encoded as dense vectors using pre-trained sentence encoders (e.g.,
Sentence-BERT, PubMedBERT). Since these document embeddings are precomputed offline
for the entire corpus, the semantic similarity calculation between each abstract and both the
original question and the generated synthetic snippet can be performed rapidly at inference time,
typically as simple dot products in vector space. This allows the system to efficiently rescore all
1000 candidates, producing a semantically informed ranking that prioritizes documents likely
to contain answer-relevant content, as hypothesized by the generated snippet (see Research
Question Q1). The top 100 abstracts from this dense reranking stage are then forwarded to a
supervised reranker, which is based on a fine-tuned model encoder transformer. This classifier is
more computationally expensive, as it processes full question-document pairs to predict a scalar
relevance (or entailment) score, trained using positive and hard-negative examples from BioASQ.
Applying this more selective, high-precision model only to the top 100 documents ensures
tractability while substantially increasing the precision of the final ranking. Ultimately, the
supervised reranker identifies the 10 best abstracts to serve as evidence for downstream snippet
extraction and answer generation. This two-step design enables UniTor@BioASQ to combine the
scalability and broad coverage of fast unsupervised similarity with the deep discrimination of
supervised relevance modeling, maximizing both recall and precision in evidence selection.

4. Supervised Sequence Labeling for Snippet Extraction and Snipped-based Document
Filtering. The next stage addresses the identification and extraction of precise evidence from the
top-ranked abstracts. We employ a decoder-only LLM, fine-tuned to perform sequence labeling:
given a question and a candidate abstract, the model generates the same abstract with relevant text
spans explicitly marked using special tags (e.g., [BS] ... [ES]), while non-relevant portions of the
abstract are omitted from the output. For example, given the question “What are the common side



effects of the drug Imatinib?”, and a candidate abstract, the model might output only the relevant
snippet: [BS]Side effects include nausea, rash, edema, and muscle cramps[ES]. All surrounding,
non-relevant content from the abstract is discarded at this stage, so that only the evidence most
directly supporting the answer is retained for downstream processing. To make the snippet
extraction model robust to overgeneration (Research Question Q3), we explicitly address a key
issue in sequence labeling for QA. If the model is fine-tuned only on positive examples, that is,
(question, document) pairs where a relevant answer snippet is always present, it tends to always
extract a span, even when none should be found. This results in high recall but poor precision, as
the system is likely to produce false positives when no relevant answer is present in a document.
This problem has been previously documented in the context of extractive QA, most notably in the
development of the SQuUAD2.0 dataset [27], which demonstrated that models trained exclusively
on answerable questions struggle to abstain when faced with unanswerable or irrelevant passages.
To overcome this, we explicitly introduce negative and borderline examples during fine-tuning.
Negative examples are abstracts that do not contain the answer to the question: some are sampled
randomly from the corpus (ensuring they are topically unrelated), while others are selected as
“borderline negatives” These borderline cases are abstracts that appear in the mid-rank positions
(e.g., between the 50th and 100th position) of the retrieval list for a question but are not annotated
as containing an answer in BioASQ. Such documents are particularly useful: although they may
discuss related topics, they lack a true answer, making them realistic distractors.

By training the model on a mix of positive, negative, and borderline (difficult negative) instances,
we explicitly teach it not only to identify relevant snippets but also to abstain from marking
any span when no answer is present. In such cases, the expected output is a special “empty
snippet” tag, e.g., [BS] [ES], indicating that the abstract contains no relevant evidence. This
design improves the model calibration and greatly enhances its precision, making it less likely to
hallucinate evidence in irrelevant documents, a property essential for high-stakes biomedical QA.
After sequence labeling, the model outputs marked spans for each abstract. If no relevant span is
detected, the document is filtered out from the pipeline (Research Question Q4). This aggressive
filtering mechanism increases the signal-to-noise ratio of the evidence passed to downstream
modules, but introduces a trade-off: It can increase precision, but risks a drop in recall if relevant
information is mistakenly filtered out due to model error. Thus, this step explicitly tests how
snippet-based filtering impacts the balance between evidence quality and retrieval coverage
within the UniTor@BioASQ pipeline.

. Snipped-based Pseudo-Relevance Feedback. Building on the intuition developed in the
earlier stage, where we leveraged LLM-generated hypothetical snippets to provide additional
semantic guidance for reranking, we now exploit snippets directly extracted from actual retrieved
documents. Unlike generated snippets, these are verbatim excerpts from biomedical literature,
and thus can be considered trustworthy and free from hallucinations. The key idea is: if our
pipeline can extract concise, high-quality evidence from real documents, why not use these
validated snippets to further refine the retrieval process? To this end, after the sequence labeling
model identifies the most relevant snippets, we concatenate the original question with a selection
of these snippets to construct an expanded query. For example, the original query “What are the
common side effects of Imatinib?” can be expanded as

“What are the common side effects of Imatinib? Side effects include nausea, rash, and edema.” This
augmented query is then fed back into the retrieval pipeline, starting again from the sparse
retrieval stage, so the system can exploit both the explicit information needed and evidence
already found in the corpus. Since these snippets are drawn from genuine PubMed abstracts,
we are no longer concerned about introducing hallucinated or misleading content. As a result,
this feedback loop enables the system to surface additional relevant documents that may have
eluded the initial search due to differences in terminology, phrasing, or document structure. By
incorporating real, high-confidence snippets as query expansion, UniTor@BioASQ can iteratively
improve the breadth of retrieved evidence and increase the likelihood of finding overlooked but
pertinent documents, thus further strengthening downstream answer generation.



6. Supervised Answer Generation. At the final stage of the UniTor@BioASQ pipeline, the curated
evidence, in the form of top-ranked documents and their most relevant extracted snippets, is
fed into a supervised, decoder-only LLM trained specifically for biomedical answer generation.
This module is designed to address the full diversity of BioASQ question types, including yes/no,
factoid, list, and summary (ideal answer) formats. To achieve robust performance, we fine-tune
the answer generation model in a multi-task learning framework, exposing it to all question
types and contexts during training. The model is presented with a prompt that includes the
biomedical question, its type, and a set of retrieved abstracts and/or extracted snippets, each
tagged to highlight their relevance. This setup enables the model to learn not only how to
select the appropriate answer format, but also how to prioritize and synthesize information from
heterogeneous and sometimes incomplete or noisy sources. For example, given the question
“What are the common side effects of Imatinib?” and supporting snippets such as [BS]Side effects
include nausea, rash, edema, and muscle cramps[ES], the model is trained to produce a list-
formatted answer: [Nausea, Rash, Edema, Muscle Cramps]. This multi-task training
paradigm directly addresses the challenge in Research Question Q5: Does training the answer
generation LLM on both abstracts and extracted snippets, in a unified framework, improve answer
quality across different biomedical question types? By leveraging the complementary strengths
of full abstract context (for coverage) and focused snippets (for precision), the system is able to
maximize answer accuracy and adaptability, delivering concise factoid lists, confident yes/no
answers, or informative summaries as appropriate. This design ensures that even when the
evidence passed through the pipeline is partial, noisy, or sparse, the answer generator is capable
of producing high-quality, context-aware outputs that are both faithful to the evidence and aligned
with the requirements of biomedical question answering in the BioASQ framework.

In summary, UniTor@BioASQ brings together advanced retrieval, semantic reranking, targeted
evidence extraction, and answer generation into a unified pipeline for biomedical question answering.
The following sections describe each component in detail, outlining key design choices, training
procedures, and empirical evaluation.

3.3. Phase A - Document Retrieval and Snippet Extraction

We participated in both the document retrieval and snippet extraction subtasks of the BioASQ Challenge
Phase A. To address these tasks, we designed a multi-stage retrieval pipeline tailored to the complexities
of biomedical question answering.

Our system consists of up to four sequential stages for document retrieval:

« Full-Text Retrieval: We employ BM25 (via Solr) to efficiently retrieve a high-recall set of candidate
documents.

+ Unsupervised Reranking: We reorder documents based on cosine similarity between dense
embeddings of the query and documents.

« Supervised Reranking: A transformer-based model predicts entailment scores, refining document
ranking with higher precision.

« Supervised Filtering (Optional): A decoder-only LLM filters out documents that lack relevant
content based on titles and abstracts.

For the snippet extraction subtask, we use a supervised sequence labeling model based on a decoder-only
LLM (e.g., LLaMA), trained to identify the most relevant text spans within documents. Additionally, the
extracted snippets can optionally feed back into the retrieval process via a pseudo-relevance feedback
loop, iteratively refining document and snippet selection.

3.3.1. Full-Text Retrieval

The initial stage of the UniTor@BioASQ pipeline is dedicated to efficiently retrieving a high-recall set
of candidate documents that are likely to contain relevant evidence for a given biomedical question. For



this, we employ the BM25 ranking model as implemented in Solr, a well-established and competitive
baseline in biomedical information retrieval [28, 29]. BM25 balances term frequency with document
length normalization and has demonstrated robust performance across large-scale retrieval tasks,
including BioASQ challenges [30].

To optimize the effectiveness of this step, we tuned the BM25 hyperparameters, K (term frequency
saturation) and b (document length normalization), using grid search over the BioASQ training data,
targeting Mean Average Precision (MAP) on a validation split. Our results confirmed that the default
values (K; = 1.2, b = 0.75) already achieve high recall (typically exceeding 85%), underlining their
suitability for the biomedical domain.

Solr support for field-specific weighting allows us to balance the contribution of titles and abstracts
during retrieval. While we hypothesized that titles, being concise, might provide stronger relevance
signals, experiments showed that equal weighting for both title and abstract fields (w; = wg, = 1)
consistently yielded the best retrieval performance, suggesting that both fields provide complementary
information.

Finally, we set k& = 1000 as the number of top-ranked documents retrieved per query, based on
empirical analysis showing this value consistently exceeds 85% recall while keeping downstream
computational costs tractable. The output of the sparse retrieval stage is thus, for each query ¢, a set of
k candidate documents {d, ..., dy}, each scored as:

FullTextScore(q, d) = BM25(q, d; k1, b, wy, wg)

where K1 = 1.2, b = 0.75, wy = 1, and w, = 1. Here, d refers to either the title or abstract of the
document, and wy, w, denote the respective weights for title and abstract fields in the index. This
high-recall candidate pool provides the foundation for subsequent semantic reranking and answer
extraction in the UniTor@BioASQ pipeline.

3.3.2. Question Reformulation via Synthetic Snippet Answer Generation

Query expansion with plausible answer snippets is a powerful technique for enhancing document
retrieval, particularly in the biomedical domain where relevant information is often paraphrased or
distributed across multiple abstracts [31, 25, 24]. However, naively concatenating generated snippets
to the original query risks introducing hallucinated or misleading content, which could undermine
retrieval precision and the trustworthiness of the pipeline.

Instead, UniTor@BioASQ adopts a more controlled strategy: generated snippets are encoded into
dense vectors and used as “soft guidance” in the dense reranking phase, supplementing the original
question embedding. This enriches the semantic signal for reranking, steering the model toward
answer-bearing documents without altering the explicit query text or introducing unverified facts. To
generate synthetic and plausible snippets that can guide the reranking phase, we train a neural model
on the BioASQ dataset, leveraging the annotated abstracts and question-answer pairs to learn how to
produce candidate snippets that are both semantically rich and relevant. These generated snippets aim
to approximate the gold-standard answer snippets available in BioASQ, which serve as a reference for
supervised learning.

For each question in the BioASQ training set, we have access to gold-standard snippets extracted from
abstracts annotated as relevant. Using a pre-trained Sentence-BERT model, we measure the semantic
similarity between the question and each associated snippet. Since Sentence-BERT is specifically trained
to capture both syntactic and semantic relatedness, high-similarity snippets are likely to be directly
answer-relevant, while lower-similarity snippets might capture more peripheral aspects. To ensure
diverse supervision and to encourage the model to generate a spectrum of plausible, realistic answers,
we sort all snippets for a question by similarity and partition them into three groups of three: the top-3
(most similar), the middle-3, and the bottom-3. All available snippets are thus included, maximizing
coverage. During training, each group forms an output “triple” for the LLM, which is prompted as
shown in Figure 2. This grouping strategy, compared to randomly sampling a single snippet, exposes
the model to various ways in which relevant information might be formulated, from very direct to



more nuanced or tangential expressions. Moreover, this “three-snippet grouping” forces the model to
generalise across varying degrees of relevance, rather than memorising a single gold phrase. The snippet
generator is trained, fine-tuning the LLM using Low-Rank Adaptation (LoRA, [32], on 9, 222 grouped
question-triple instances, with batch size 32, for 3 epochs, learning rate 6 x 10~%, LoRA rank/alpha
= 16, and max sequence length 768 tokens. At inference, we feed only the question and let the model
produce up to three candidate snippets, using greedy search (do_sample=false) to ensure maximum
faithfulness and reproducibility. In practice, the model nearly always returns a single, concise snippet as
its first output; if multiple are returned, we select only the first (most confident) one for downstream use.
If an empty snippet is generated, the reranking step that relies on this additional signal is simply skipped.
On development data, the 8-B parameter unsloth/1lama-3-8b-Instruct® consistently yielded the
highest MAP scores, narrowly outperforming the 14-B parameter unsloth/Phi-4-mini-instruct’;
we therefore adopt the former as UniTor’s default snippet generator.

During dense reranking (discussed below), the generated snippet embedding is combined with the
question embedding to compute semantic similarity with each candidate document; further details and
weighting strategies are described in the corresponding section. This “soft guidance” aims to bridge the
gap between question-centric retrieval and answer-centric evidence gathering, addressing Research
Question Q1. Quantitative ablation results supporting this choice are presented in the experimental
section 4.2.

You are given a question related to biomedical research. Your task is to generate 3 relevant answer snippets that might
realistically appear in a PubMed abstract or article discussing this topic. These snippets should be:

- Highly specific: Provide a precise and directly relevant response to the question.

- Concise: Limit the snippet to one or two sentences.

- Informative: Include well-defined biomedical details (e.g., specific proteins, genes, pathways, mechanisms, experimental
methods, or effects).

- Contextually accurate: The snippet should resemble an excerpt from a scientific publication, ensuring clarity and rigor.
- Avoid vague or generic statements (e.g., This paper explores...). Instead, focus on delivering a scientifically meaningful
response with clear biological relevance.

Question: Which protein mediates gene loop formation in the yeast S. cerevisiae?

Snippets:

- Gene-loop formation is dependent on regulatory proteins localized at the 5’ and 3’ ends of genes, such as TFIIB.

- Gene looping, defined as the interaction of the promoter and the terminator regions of a gene during transcription,
requires transcription factor IIB (TFIIB).

- Gene ...

Figure 2: Prompt template used for domain-adapted plausible snippet generation. Training triples are
constructed by grouping question—snippet pairs based on semantic similarity, exposing the LLM to a
range of plausible answer formulations for each question.

3.3.3. Dense/Unsupervised Reranking

The initial sparse retrieval step based on BM25 efficiently collects a high-recall pool of candidate docu-
ments, typically the top 1,000 abstracts per question. However, as previously discussed, BM25 operates
purely on lexical overlap and thus may miss relevant documents that use alternative terminology or
paraphrase the information need. To address this limitation and move beyond surface-level matching,
we introduce an unsupervised reranking step grounded in dense semantic representations. In this stage,
each candidate document is scored based not only on its similarity to the original question but also on
its alignment with the plausible answer snippet generated earlier by our LLM. This design leverages
the insight (from Research Question Q1) that combining question-centric and answer-centric signals
can significantly improve the selection of genuinely relevant evidence. If a document aligns closely
with both the question and the generated snippet, which encodes the typical linguistic structure and

®https://huggingface.co/unsloth/llama-3-8b-Instruct
*https://huggingface.co/unsloth/Phi-4-mini-instruct
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content of a true answer, it is likely to contain valuable information for answer synthesis. Formally, for
each (question, document) pair (g, d), we separately encode:

« the question g,
+ the plausible snippet s, generated for g,
 the document’s title ¢4 and abstract a4,

As dense vectors using a pre-trained sentence encoder. The dense similarity score is computed by
averaging the cosine similarities for title and abstract, and combining question-based and snippet-based
signals as follows:

C(q, td) + C(Qa ad) C(Sq’ td) + C(Sq’ ad)
+0.6 x
2 2

where C(z,y) denotes the cosine similarity between the corresponding embeddings. The 0.4/0.6
weighting prioritizes the semantic match with the generated snippet, reflecting its role as a “soft proxy
answer” (see Section 3.3.2), while retaining the user’s original query as an anchor. These weights were
selected via grid search over the BioASQ validation set, optimizing the Mean Average Precision (MAP);
we observed that variations within £0.1 yielded similar results, indicating stability of this tuning. For
the sentence encoder, we compared several options, including general-purpose and domain-specific
models. Despite expectations that PubMedBERT!’ would excel in biomedical QA, our experiments
showed that SentenceBERT!! consistently achieved higher MAP, both on BioASQ validation and on
out-of-domain biomedical queries. This aligns with recent evidence that SentenceBERT models provide
robust generalization even in specialized domains [33]. All dense scoring in UniTor@BioASQ thus
relies on SentenceBERT, with document vectors precomputed for scalability and cosine similarities
computed efficiently in batch (using in-memory matrix operations)'?. After reranking, we select the
top 100 documents for subsequent supervised reranking and snippet extraction. This cutoff was chosen
to balance coverage, maintaining over 80% recall of gold abstracts on BioASQ validation sets, with
the need to control computational costs in downstream, more resource-intensive stages. In summary,
this dense, answer-aware reranking step bridges sparse retrieval and fine-grained filtering, enriching
the candidate pool with semantically relevant, answer-aligned documents. Experimental results (see
Section 4) quantify the impact of this strategy, directly addressing Research Question Q1.

DenseScore(q,d) = 0.4 x

3.3.4. Supervised Reranking

While the unsupervised reranking step based on dense semantic similarity provides a valuable filtering
mechanism, it cannot capture all the fine-grained, contextualized judgments needed to distinguish
between genuinely relevant and superficially similar biomedical documents. To address this limitation,
we introduce a supervised reranking stage, which leverages transformer-based models to further refine
the candidate pool and select the top-10 documents for each question as required by the BioASQ
challenge.

Our approach employs an encoder-based transformer model, ModernBERT'?[34], designed to process
pairs of text as input, specifically, the biomedical question and either the title or abstract of a candidate
document. Inspired by advances in natural language inference (NLI), where BERT-like architectures
have excelled at modeling semantic entailment between sentence pairs[35, 36], we cast the reranking
task as a binary classification problem during training: the model is trained to distinguish pairs where
the document contains a correct answer (positive) from those where it does not (negative). However,
during inference, we use the softmax probability of the model for the positive (entailment) class as a

"https://huggingface.co/NeuML/pubmedbert-base-embeddings

"https://huggingface.co/sentence-transformers/all-MiniLM-L12-v2

'2A technical note: if the snippet generator outputs an empty snippet (i.e., no plausible answer could be hypothesized), we
default to computing similarity solely between the question and the document (setting the 0.6 weight to zero), thus ensuring
graceful fallback.

Phttps://huggingface.co/answerdotai/ModernBERT-base
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continuous relevance score for each question-document pair, enabling fine-grained ranking based on
the estimated degree of answer entailment. This continuous score serves as a fine-grained relevance
signal for ranking, allowing us to order candidate documents not just by binary relevance, but by
their estimated degree of answer entailment. This hybrid training/inference strategy, classification
for supervision, probability scoring for prediction, ensures that the final document ranking is both
discriminative and sensitive to subtle differences in evidence quality, which is particularly important in
biomedical QA, where relevant information may be nuanced or implicit.

A key challenge in supervised reranking is the construction of high-quality training data, particularly
the availability of both positive and negative examples for each question. Our dataset is built as follows:

+ Positive Instances: For each question in the BioASQ training set, all abstracts annotated as
relevant are paired with the question and labeled as positive.

« Negative and Borderline Instances: To expose the model to hard negatives (documents that
are topically close but ultimately not answer-bearing), we:

1. Use Solr BM25 to retrieve the top k = 100 documents for each question.

2. Exclude all gold-standard abstracts from this set to prevent label leakage.

3. Remove any document published in 2024 or later (to avoid future data leakage).

4. Randomly sample 40 abstracts per question from the remaining pool, focusing on ranks
20 through 100 in the BM25 list. This ensures a mix of moderately and weakly relevant
negatives, many of which are challenging for the model.

This construction yields a balanced set of positive pairs (¢, d") and negative pairs (q,d ™), totaling
214,595 training instances, and is crucial for teaching the model to distinguish subtle cues of true
relevance. The supervised reranker is trained using standard binary cross-entropy loss, with positive
and negative pairs as supervision. During inference, for each (question, document) pair, we take the
softmax output associated with the positive (entailment) class as the document’s final supervised
relevance score. Because this step is computationally more expensive than prior stages, we apply it
only to the 100 documents previously shortlisted by the unsupervised reranker. This design ensures
that computational resources are focused where they are most likely to improve the final answer set.
The supervised scores are then combined with the previous retrieval scores to determine the final
document ranking. Specifically, for each (question, document) pair (g, d), we compute the final score as
the product of the three relevance signals'*:

Final Score(q,d) = FullText(q,d) x Dense(q,d) x Supervised(q,d)

Since the entailment probability output by the supervised model is normalized between 0 and 1, it can
be directly combined multiplicatively with the BM25 and dense similarity scores to obtain the final
ranking. The top-10 documents for each question, ranked by this final score, constitute the high-quality
evidence set for downstream snippet extraction and answer generation modules. This approach ensures
that only those documents most likely to directly address the question, based on both learned semantic
entailment and classic IR features, are passed forward, thereby maximizing the precision and utility of
evidence at later stages.

3.3.5. Snippet Extraction

Following document retrieval and reranking, the next key stage in the UniTor@BioASQ pipeline is
snippet extraction, which fulfills the BioASQ requirement to identify concise, evidence-bearing text
spans from the top-10 ranked abstracts. The resulting snippets provide focused evidence for subsequent
answer synthesis and feedback steps. The objective is to isolate short, self-contained passages, typically

*We also explored alternative ranking strategies, such as using only the entailment score, or other aggregation methods, but
empirical evaluation on a BioASQ development set (using MAP as the criterion) consistently favored this multiplicative
approach.



one or a few sentences, that provide the essential facts or findings needed to answer the biomedical
question. These snippets serve as an interpretable bridge between large-scale document retrieval and
final answer synthesis.

We cast snippet extraction as a sequence labeling task implemented via text generation, leveraging
decoder-only LLMs such as LLaMA-3 and Phi-4 [37]. Given a question and a candidate abstract, the
model is prompted to reproduce the abstract while explicitly marking relevant spans with special
tokens: [BS] (begin snippet) and [ES] (end snippet). This prompt-based design enables the use of
autoregressive LLMs without the need for a separate token classifier and allows for robust, instruction-
following behavior even in complex, multi-sentence biomedical contexts. Unlike general-purpose
language models, an effective biomedical snippet extractor must demonstrate:

« Domain adaptation: Correct interpretation of biomedical terminology, reasoning about experi-
mental evidence, and understanding nuanced clinical/research contexts.

» Task adaptation: Precise marking of text spans directly responsive to the question, and the
ability to abstain from overgeneration (avoiding false positives).

To ensure both high recall and high precision, we again (as for the Supervised Re-ranking) curate a
training set from BioASQ and additional PubMed abstracts as follows:

« Positive instances: For each question, every gold-standard relevant abstract forms a training
pair. The ground-truth snippets are annotated, and the model learns to mark the corresponding
spans.

« Negative and borderline instances: To combat overgeneration (as documented in
SQuAD2.0 [27]), we include hard negative examples. For each question, among the top k£ BM25
candidates (excluding golds and 2024+ docs), we randomly select one abstract ranked 11-30 that
is not annotated as relevant. These “borderline negatives” are semantically close but lack a true
answer. The model is expected to output only [BS] [ES] (empty snippet) in such cases, learning
to abstain.

This results in a balanced and challenging dataset, crucial for calibration and for reducing false positives.
The input to the LLM consists of a pair: the biomedical question and the candidate abstract. As
illustrated by the prompt in Figure 3, the model is instructed to carefully read both and return only the
portions of the abstract that directly address the question, explicitly marking relevant text spans with
[BS] and [ES] tags. If no answer is present, the expected output is simply [BS][ES]. The prompt
emphasizes precision, discourages hallucination, and makes clear that the model should abstain from
extracting snippets when the document is not informative. This explicit instruction and example-based
format (see Figure 3) guides the model to focus on factual, evidence-based extraction. We trained our
snippet extraction model on a set of 43, 008 annotated question—abstract pairs, using a batch size of 32
and running for two full epochs. The maximum sequence length for each example was set to 1,024
tokens for the abstract, plus an additional 256 tokens to accommodate the question. For optimization, we
used the Adam algorithm with a learning rate of 6 x 10~%, and applied parameter-efficient fine-tuning
using LoRA (with rank and alpha both set to 16). The model was trained to minimize cross-entropy
loss, focusing specifically on the generated output tokens. At inference time, we generated snippets
by prompting the model with each (question, abstract) pair and allowing it to generate up to 256 new
tokens. To ensure maximum consistency and reliability, we used greedy decoding (i.e., always selecting
the highest-probability token at each step). We experimented with two decoder-only language models,
both available in resource-efficient versions through the Unsloth library: Llama-3'> and Phi-4'®. Based
on validation results (evaluated using Mean Average Precision), Llama-3 consistently outperformed
Phi-4 on the snippet extraction task, so we adopted Llama-3 as the default model for our pipeline.

Bhttps://huggingface.co/unsloth/Meta-Llama-3.1-8B-bnb-4bit
'Shttps://huggingface.co/unsloth/phi-4-unsloth-bnb-4bit
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You are an expert biomedical researcher skilled in extracting relevant information from scientific literature. Your task is
to identify and extract key snippets from a given PubMed abstract or title that provide useful information to answer a
specific biomedical question.

Instructions:

- Understand the question: Carefully analyze the biomedical question to grasp its key concepts, entities, and relationships.
- Analyze the document: Read the provided title or abstract carefully, identifying sentences or phrases that contain
relevant information.

- Extract the snippet: If a portion of the text is relevant, extract it exactly as it appears in the original text and enclose it
within the tags [BS] and [ES]. Example: [BS] extracted snippet [ES].

- Handle irrelevant cases: If the document does not contain any relevant information, return only [BS] [ES] with no
content inside.

- Be precise: Ensure that extracted snippets are complete, self-contained, and directly relevant, without modifying or
adding words. Always enclose every extracted snippet within [BS] and [ES] to ensure clarity and consistency.

Question: Which protein mediates gene loop formation in the yeast S. cerevisiae?

Abstract/Title:

Gene looping, defined as the physical interaction between the promoter and terminator regions of a RNA polymerase
Il-transcribed gene, is widespread in yeast and mammalian cells. Gene looping has been shown to play important roles in
transcription. Gene-loop formation is dependent on regulatory proteins localized at the 5’ and 3’ ends of genes, such
as TFIIB. However, whether other factors contribute to gene looping remains to be elucidated. Here, we investigated
the contribution of intrinsic DNA and chromatin structures to gene looping. We found that Saccharomyces cerevisiae
looped genes show high DNA bendability around middle and 3/4 regions in open reading frames (ORFs). This bendability
pattern is conserved between yeast species, whereas the position of bendability peak varies substantially among species.
Looped genes in human cells also show high DNA bendability. Nucleosome positioning around looped ORF middle
regions is unstable. We also present evidence indicating that this unstable nucleosome positioning is involved in gene
looping. These results suggest a mechanism by which DNA bendability and unstable nucleosome positioning could assist
in the formation of gene loops.

Snippets:

[BS]Gene-loop formation is dependent on regulatory proteins localized at the 5’ and 3’ ends of genes, such as
TFIIB.[ES] [BS]Gene-loop formation is dependent on regulatory proteins localized at the 5’ and 3’ ends of genes, such
as TFIIB.[ES]

\ J

Figure 3: Example of the prompt used to train the LLM for snippet extraction. The model is instructed
to identify and explicitly tag text spans in the abstract that answer the biomedical question, using
the special markers [BS] and [ES]. The prompt also clarifies that if the document does not contain
relevant information, the model should abstain and output only [BS][ES].

3.3.6. Snippet-based Filtering

After snippet extraction, UniTor@BioASQ applies an additional snippet-based filtering stage to further
improve the precision and quality of evidence passed to the final answer generation module. This step
directly addresses Research Question Q4: “What is the impact of aggressive snippet-based filtering on
system recall and precision?”.

The motivation for this component is straightforward: even after multi-stage retrieval and reranking,
some of the top-10 candidate abstracts may not actually contain any answer-relevant content, or their
relevance may be borderline or highly speculative. Allowing such documents to pass unfiltered into
downstream answer generation can reduce answer quality and trustworthiness.

To mitigate this, we use the output of the supervised snippet extraction model as a hard filter on
the candidate document set. Specifically, for each of the top-30 abstracts identified by the supervised
reranker, we examine whether the snippet extraction model has marked any non-empty evidence span
(i.e., a text segment wrapped in [BS]...[ES]). Only the first 10 documents containing at least one
relevant snippet are retained; documents for which the model outputs only [BS][ES] (indicating no
answer found) are filtered out. If fewer than 10 such documents are available, all available positives
are used. This approach offers a simple, interpretable, and robust filter for document-level evidence.
Compared to greedy selection of the top-10 ranked documents (irrespective of their snippet content),
this strategy prioritizes documents for which the model can point to explicit, self-contained answer
evidence. In effect, the snippet extraction model acts as a high-precision gatekeeper, further reducing
noise and the risk of passing irrelevant context to the answer generator.

However, this “aggressive" filtering comes with a natural trade-off: while it increases precision by



removing uninformative documents, it may reduce recall if the snippet extractor occasionally fails to
recognize relevant evidence in borderline or difficult cases. For this reason, we empirically compare
both strategies, greedy top-10 and snippet-based filtering, in our experiments (see Section 4), analyzing
the impact on downstream answer accuracy and robustness.

3.3.7. Pseudo Relevance Feedback via Extracted Snippets

In the final stage of our pipeline, we introduce a Pseudo Relevance Feedback (PRF) mechanism aimed at
enhancing overall system recall by reformulating the query based on high-confidence evidence extracted
during the retrieval process. While earlier stages employ LLM-generated plausible snippets to influence
unsupervised reranking, enriching document scores with contextual hints, these generated snippets,
though useful, are not guaranteed to be hallucination-free, as they are outputs of a generative model.
Consequently, we deliberately avoid injecting them into the initial sparse retrieval step to prevent
speculative or noisy content from distorting early retrieval.

By contrast, the PRF step leverages a more trustworthy signal: the top-ranked snippets extracted
from PubMed abstracts by our snippet extraction model. These have passed through the full retrieval
and reranking pipeline and thus reflect high-confidence, evidence-grounded content. Their reliability
makes them an excellent basis for expanding the original query without risk of hallucination.

The mechanism proceeds as follows. First, we gather snippets from the top-10 documents previously
selected by the supervised reranker. Snippets are sorted according to two criteria: (i) the rank of the
source document, and (ii) their order of appearance within each document. From this sorted list, we
select the first three snippets available, which may originate from one or multiple documents, depending
on their distribution. These snippets are concatenated into a single string, which is then appended to
the original question to form an augmented query.

Importantly, this snippet-based feedback operates strictly as a post-processing augmentation of the
original question and does not propagate back to the synthetic snippet generation module. As illustrated
in Figure 1, the pipeline preserves a clear separation: the initial LLM-generated synthetic snippet, used
for semantic guidance in dense reranking, remains unaffected by any noisy or redundant evidence that
could emerge from iterative query expansion. This design ensures that the generative LLM is never
exposed to feedback signals potentially corrupted by extraction errors, thereby preserving the integrity
and robustness of the answer hypothesis process.

The augmented query is then resubmitted to the sparse retrieval engine (BM25), enabling the system to
recover documents that may have been missed initially due to lexical mismatch or implicit associations.
These additional documents are processed through the full reranking pipeline, including dense and
supervised stages, just like the original set.

This approach is conceptually aligned with pseudo-relevance feedback strategies in traditional
information retrieval [38, 39], but tailored to the biomedical QA setting. Instead of heuristically selected
terms, we expand the query using high-quality, domain-specific text segments. This principled, evidence-
based expansion has been shown to improve recall and downstream answer quality.

Notably, our feedback loop remains modular and lightweight: it operates on already computed outputs
(question and extracted snippets), requires no additional supervision, and does not alter previously
trained components. It complements earlier pipeline stages by systematically exploiting the most
reliable information available, grounded, extracted biomedical evidence, to recover additional relevant
literature.

3.4. Phase A+ and Phase B: Retrieval Augmented Generation

For Phases A+ and B of the BioASQ challenge, we participated in the Answer Generation subtask,
covering all types of questions: yes/no, factoid, list, and summary. The primary distinction between
these phases lies in the resources provided by the organizers: in Phase B, participants are given the
gold-standard documents and snippets, while in Phase A+, participants must rely on the documents
retrieved during Phase A. Our focus was on developing an effective strategy to train a large language



model to be sensitive and robust to the specific biomedical context, enabling it to produce precise and
relevant answers.

3.4.1. Answer Generation

The final stage of our pipeline focuses on the generation of accurate answers to biomedical questions,
leveraging the context provided by the retrieved and processed documents. This component closes the
loop of our RAG system, moving from relevant documents and extracted snippets to producing explicit,
final answers in the format required by the BioASQ challenge.

To address the diverse nature of biomedical questions, including yes/no, factoid, list, and summary
(ideal) answer formats, we employ a supervised decoder-only language model, such as LLaMA-3 or Phi-4,
trained in a multitask learning framework. This approach allows the model to simultaneously learn to
identify the appropriate answer format and to generate precise, contextually grounded responses.

The multitask paradigm explicitly addresses our fifth research question (Q5): Does training the answer
generation LLM in a multi-task fashion, leveraging both abstracts and highlighted snippets as input context,
improve answer quality for different biomedical question types? Indeed, cross-task knowledge transfer
is central to our method [1, 40, 41]. For example, the model might leverage the ability learned from
factoid questions to extract named entities, thereby enhancing its capability to generate concise and
precise yes/no answers or identify salient information for ideal summaries.

To train our multitask model, we construct a dataset from BioASQ gold-standard annotations, follow-
ing a structured process. Each training instance includes:

+ The biomedical question.

« Explicit indication of the question type (yes/no, factoid, list, summary).

« A controlled context comprising either three or five gold-standard relevant abstracts, truncated to
meet prompt length constraints and focused explicitly around the gold-standard snippets tagged
with [BS] and [ES] markers.

This approach encourages the model to focus solely on informative passages, significantly reducing the
risk of hallucinations or irrelevant outputs.
The output labels for each instance are tailored specifically to the answer type:

« Yes/no: concise answers (yes, no).

« Factoid: up to five named entities.

« List: comprehensive enumeration of relevant items.

« Summary: a concise and informative ideal-answer paragraph.

This training setup is illustrated in Figure 4, which shows the structured prompt format used to
supervise the model. Each instance contains: (i) an explicit task instruction that defines the expected
answer type (e.g., factoid), (ii) the biomedical question, and (iii) a set of relevant abstracts where relevant
spans are pre-marked with [BS] and [ES].

Unlike the snippet extraction stage, where the model task was to re-generate the input abstract while
tagging spans, here we provide the full abstract as-is, with ground-truth snippets highlighted but not
removed. This difference is essential and carefully motivated:

+ In snippet extraction, the model was trained to copy the input and only modify it by placing
snippet tags. However, because the loss is averaged over the entire generated sequence, the model
can trivially achieve low loss by copying 99% of the text correctly while still failing to tag the
relevant span, a failure mode that cannot be detected purely through perplexity or token-wise
loss.

« In answer generation, such fragility would be detrimental. If a snippet alone is given as input
and it happens to miss a key detail, the model will have no chance of recovering that missing
evidence. Instead, we feed the full abstract and highlight informative regions using tags. This gives
the model complete access to context while softly guiding its attention toward the most relevant
spans. The model is thus better equipped to perform grounded, faithful answer generation.



This strategy aligns well with our goal of robustness, particularly for factoid and list questions, where
answers may be expressed in multiple ways across different parts of the document. By training the
model on full abstracts with localized highlights, we help it learn both where to look and how to extract
precise answers, mitigating the risk of hallucination or omission.

A practical caveat of this approach is that, at training time, the original snippet extractor provides
only the extracted spans, not the full tagged document. To overcome this, we automatically re-align each
extracted snippet to its exact location in the source abstract. Notably, across the entire training corpus, we
did not observe any case where a snippet generated by the extractor failed to match exactly a contiguous
span in the original abstract, confirming the stability and reproducibility of our tagging procedure. To
ensure robustness, training instances include variations in the number of provided abstracts (either 3 or
5). This design choice simulates real-world variability in evidence availability, enabling the model to
generalize effectively across different contextual scenarios and evidential completeness.

We trained the answer generation model on 7,459 examples, using a batch size of 32 and running
for two full training epochs. Fine-tuning was done efficiently using the LoRA technique, which keeps
training lightweight by updating only a small number of additional parameters (with rank and alpha
both set to 32). The model was optimized using the Adam algorithm with a learning rate of 6 x 10~4,
and the training loss was computed only on the tokens the model was expected to generate, ensuring it
focused on producing the correct answer.

You are a biomedical expert. Your task is to extract the most relevant factoid-based answer from the provided PubMed
abstracts. Relevant information is marked with [BS] and [ES].

Rules:
- Use only the information provided, with a special focus on the relevant information.

- The answer must be a list of up to 5 short expressions (e.g., entity names, numbers).

- If the answer has more than one expression, be careful, the expressions must be ordered by decreasing confidence.
- Often the expressions represent the same concept but written differently.

- Do NOT provide explanations or extra text.

- Maintain this format strictly: [BE] expression] [EE] [BE] expression2 [EE] ... [BE] expressionN [EE],

Question: Which protein mediates gene loop formation in the yeast S. cerevisiae?
PubMed resources:

Abstract truncated here ... gene, is widespread in yeast and mammalian cells. Gene looping has been shown
to play important roles in transcription. [BS]Gene-loop formation is dependent on regulatory proteins localized at
the 5” and 3’ ends of genes, such as TFIIB.[ES] However, whether other factors contribute to gene looping remains ...
Abstract truncated here.

[BS]Gene looping, defined as the interaction of the promoter and the terminator regions of a gene during
transcription, requires transcription factor 1B (TFIIB).[ES ] We have earlier demonstrated association of TFIIB with the
... Abstract truncated here.

Answer:
[BE]TFIIB[EE]

Figure 4: Example of the prompt format used to train the answer generation model. The instruction
specifies the expected answer type (here, a factoid), followed by the input: a biomedical question, its
type, and a set of PubMed abstracts. Within the abstracts, relevant evidence is explicitly marked using
[BS] and [ES] tags. The model is trained to generate a precise answer, focusing on the tagged spans
while having full access to the broader context. This setup ensures the model can rely on grounded
information while avoiding hallucinated or unsupported content.

During inference, we used a deterministic decoding strategy (greedy search) to make the output
consistent and avoid randomness, which helps ensure factual accuracy and reproducibility.

We tested two models: LLaMA-3"7 and Phi-4!%, both in efficient low-resource versions from the
Unsloth library. Their performance was evaluated across all BioASQ question types using dedicated
metrics: accuracy for yes/no questions, mean reciprocal rank (MRR) for factoids, F1 for lists, and
ROUGE-2-F1 for ideal answers. The two models performed similarly overall, so we chose to alternate

https://huggingface.co/unsloth/Meta-Llama-3.1-8B-bnb-4bit
Bhttps://huggingface.co/unsloth/phi-4-unsloth-bnb-4bit


https://huggingface.co/unsloth/Meta-Llama-3.1-8B-bnb-4bit
https://huggingface.co/unsloth/phi-4-unsloth-bnb-4bit

them across submissions: LLaMA-3 was used for batches 1 and 2, and Phi-4 for batches 3 and 4. This
setup also allowed us to directly compare their behavior across different challenge phases.

This multitask and multi-contextual training paradigm provides the UniTor@BioASQ pipeline with
resilience and adaptability, enabling consistent, high-quality answer generation across diverse biomedi-
cal question-answering scenarios, directly addressing and empirically investigating Research Question

Q5.

3.5. Hardware Complexity and Computational Footprint

All training and inference for our system was carried out on a single workstation equipped with four
NVIDIA A100 GPUs (80GB each). This allowed us to efficiently handle parallel training runs and
large-scale batch processing, as required by the BioASQ challenge.

A crucial aspect of our pipeline is that every component relies exclusively on standard, openly available
models, such as LLaMA-3 8B, Phi-4 14B, and BERT-based variants. No proprietary or commercial cloud
services (such as GPT-4 or Gemini) are used: all steps can be replicated on local hardware without
external dependencies.

The end-to-end process, however, does require a non-trivial sequence of model invocations for each
query. To clarify, below we summarize the models involved and their specific roles:

« Synthetic Snippet Generation: A LLaMA-3 (8B) model is used to generate a “synthetic snippet”
based on the biomedical question. This serves as a semantic anchor for document retrieval.

« Semantic Retrieval: Sentence-BERT encodes both the query and candidate documents into
dense embeddings, enabling efficient retrieval of relevant abstracts.

+ Supervised Re-Ranking: A lightweight BERT-based classifier is applied approximately 100
times (once per candidate abstract) to re-rank retrieved documents by relevance.

+ Snippet Extraction: The top 10 abstracts are then processed by a LLaMA-based model, which
tags the relevant text spans ([BS] and [ES] markers) to highlight key evidence.

« Answer Generation: Finally, the answer generation module, again a supervised LLaMA-3 or
Phi-4 model, takes as input the question and the extracted evidence to produce the final answer
in the required BioASQ format.

While this modular pipeline requires running multiple neural models per query, it offers strong
flexibility and state-of-the-art performance, especially when using multi-task training to streamline
model weights across tasks.

It is important to note that all models employed are “small” by today’s standards (ranging from 100M
parameters for BERT to 8B or 14B for LLaMA and Phi-4). This makes our system far less demanding than
any single large foundation model (e.g., LLaMA-2/3 70B, GPT-4). Thus, our pipeline is fully reproducible
and feasible on modern academic or enterprise hardware, making it both practical and accessible for
further research or deployment.

4. Results Analysis

In this section, we present and critically discuss the results obtained by our system in the BioASQ13b
2025 challenge. Our analysis is structured around the main research questions defined in Section 1,
with the aim of evaluating the effectiveness and robustness of our pipeline across the key stages of
biomedical question answering: document retrieval, snippet extraction, and answer generation.

We begin by briefly outlining the official evaluation metrics used in BioASQ, which provide the
quantitative basis for our comparison with other participants. We then report and interpret the
experimental results for each subtask and challenge phase, examining not only aggregate scores but
also how different design choices affect system performance. Throughout, we highlight strengths,
limitations, and lessons learned, with a focus on how our findings address the objectives and open
questions motivating this work.



4.1. Evaluation Metrics

The evaluation of our system follows the official BioASQ framework, which adopts standard metrics
tailored to each stage of the question answering pipeline:

« Document Retrieval (Phase A): Performance is assessed using Mean Average Precision (MAP),
F1-score, with both precision and recall reported in detail.

+ Snippet Extraction (Phase A): The same retrieval metrics are applied, but with adjustments to
account for partial overlaps between system and reference spans.

« Answer Generation (Phase A+, B): Metrics are specific to question type:

— Yes/No: Accuracy.

— Factoid: Strict accuracy (correct answer at rank 1) and mean reciprocal rank (MRR) to reflect
the importance of answer ordering.

— List: Mean precision, recall, and F1-score, comparing predicted entities (normalized for
synonyms) against gold standard sets.

+ Ideal Answer Generation: Both automatic and manual criteria are used. ROUGE-2 and ROUGE-
SU4 measure lexical overlap with gold summaries, while manual assessment by experts covers
answer recall, precision, redundancy, and readability.

These metrics are consistently reported in our results tables for each module and task. All models
and configurations were tuned on the previous year’s BioASQ training and validation data, using these
metrics for system selection and optimization. This ensures rigorous benchmarking and comparability
with prior work in biomedical QA.

4.2. Phase A Results: Evaluation of Document and Snippet Retrieval Pipelines

Phase A of the BioASQ challenge focuses on retrieving relevant documents and extracting supporting
snippets for each biomedical question. In this section, we evaluate UniTor@BioASQ, our complete
evidence retrieval system (see Figure 1), along with several ablated variants. We report results for both
document retrieval and snippet extraction, using the standard BioASQ evaluation metrics introduced
above.

All module parameters were previously optimized on last year’s official BioASQ training data, as
detailed in Section 3; thus, in the following experiments, we do not re-tune hyperparameters. Instead,
we systematically compare the full pipeline to versions with selected components (such as pseudo-
relevance feedback or document filtering) removed. This allows us to directly assess the impact of each
functionality on retrieval and extraction performance, and to address the research questions posed in
Section 1.

Document Retrieval Stage. Table 1 reports the document retrieval results for UniTor@BioASQ and
its ablated variants across the four official BioASQ batches, with Mean Average Precision (MAP) as the
main metric, and F1-score and leaderboard rank provided for completeness.

We evaluated five system configurations:

+ UTc: The complete UniTor@BioASQ pipeline, integrating all retrieval modules: BM25-based
query formulation, unsupervised reranking (guided by both the original question and a syn-
thetic snippet), supervised reranking, document filtering, and pseudo-relevance feedback (see
Section 3.2).

« UThopr: As above, but without document filtering (see Section 3.3.6).

« UThoprr: As above, but without pseudo-relevance feedback (see Section 3.3.7).

« UTyhopap: Lacking both document filtering and pseudo-relevance feedback.

» UTjg: Baseline using only BM25, unsupervised reranking based on the question, and supervised
reranking. It lacks unsupervised reranking with snippet guidance, filtering, and PRF (included
for comparative analysis; not officially submitted).



All system hyperparameters were fixed as tuned on the previous year’s BioASQ development data
(see 3). The results reflect only the effect of enabling or disabling retrieval modules.

Main findings:

- Stable performance across batches: The full UniTor@BioASQ system (UT¢) consistently ranks
in the top half of submissions and surpasses the median (M) system in three out of four batches,
with MAP scores ranging from 6.95 to 29.86. This indicates a high degree of robustness across
variable test conditions.

« Batch-specific variability: The sharp performance drop observed in Batch 4 for all systems,
including the best (BS), suggests increased difficulty or lower coverage in that dataset. This
highlights the impact of batch-specific properties on retrieval outcomes.

+ Gap to state-of-the-art: A persistent MAP gap (10-15 points) separates UT¢ from the best
system in each batch. However, without public details on BS methodology, no conclusive analysis
of this discrepancy is possible.

+ Effectiveness of retrieval modules: No ablated variant universally outperforms others, indicat-
ing non-trivial trade-offs. For instance, UTyopgp attains the highest MAP in Batch 1, while UTy,pr
performs best in Batches 2 and 4. These results show that removing document filtering typically
increases MAP (due to improved recall) but decreases F1 (due to lower precision). The baseline
UTsy is consistently outperformed by systems incorporating additional components, underscoring
the incremental value of each module.

In summary, the modular architecture of UniTor@BioASQ enables interpretable performance im-
provements and competitive robustness relative to the challenge median. However, the relative benefits
of each module vary by batch, confirming the need for adaptable, context-sensitive design. We further
examine these dynamics in relation to the research questions below.

Table 1

Document Retrieval Stage: Performance of UniTor@BioASQ systems across 4 batches. The metrics
reported are the MAP and F1, where the rank is ordered by MAP. Bold values represent our best
submission. BS represents the Best competitor System in the challenge leaderboard, while M indicates
the median.

Svs Batch 1 Batch 2 Batch 3 Batch 4
Y MAP F1 Rank | MAP F1 Rank | MAP F1 Rank | MAP F1 Rank
UTc 2712  13.03 25/52 29.86 14.33 21/41 20.00 11.84 23/47 6.95 5.83 33/79

UTopF 27.84  9.33  23/52 | 30.65 9.64 20/41 | 20.29 8.21  21/47 7.24 463 30/79
UTnoprr 30.04 1486 18/52 | 29.21 14.57 24/41 | 2011 11.49 22/47 | 6.26  5.79 40/79
UTnopgp | 30.20 948 17/52 | 29.52  9.65 23/41 | 20.72 794 20/47 | 6.67 420 37/79

UTs 29.27 26.60 19.74 6.54
BS 4246 16.05 1/52 | 44.25 1546 1/41 3236 1445 1/47 | 18.01 9.27 1/79
M 25.27 1140 29.86 15.16 18.34 10.64 6.26  5.22

To address Q1 (Document Reranking Enhancement), we compare UT,opgp With the baseline UTp.
The former incorporates a key component absent in the baseline: an unsupervised reranking model
enhanced with a synthetic snippet generated via a large language model. Across all batches, UT,pg&p
consistently outperforms UTy in terms of MAP (e.g., 30.20 vs. 29.27 in Batch 1; 29.52 vs. 26.60 in Batch
2), with typical gains of 1-3 points. While this comparison does isolate the contribution of the synthetic
snippet alone, the consistent improvements suggest that combining semantic guidance from snippet
generation with supervised reranking yields measurable gains in document retrieval performance. This
supports the hypothesis underlying Q1.

To investigate Q2 (Query Expansion via Snippet-based Pseudo-Relevance Feedback), we compare
UTc, which includes snippet-based PRF, with UTy,prr, where this component is removed. The results
show marginal and inconsistent effects: UToprr slightly outperforms UT¢ in Batch 1 (30.04 vs. 27.12)
and Batch 3 (20.11 vs. 20.00), while UT¢ is marginally better in Batch 2 (29.86 vs. 29.21) and Batch 4



(6.95 vs. 6.26). These mixed outcomes suggest that although PRF may retrieve some additional relevant
documents, its overall contribution to retrieval effectiveness is limited and dataset-dependent. To
further assess the role of PRF, we compare UT,,pr and UT,opgp, both lacking document filtering but
differing in the presence of PRF. UT,,pgp, which excludes PRF, achieves slightly better MAP in Batch
1 (30.20 vs. 27.84) and Batch 3 (20.72 vs. 20.29), while UT,,,pr performs better in Batch 2 (30.65 vs.
29.52) and Batch 4 (7.24 vs. 6.67). Although none of these differences are large, UT,,pgp shows slightly
lower variance across batches, suggesting that snippet-based reranking may offer a more stable and
reliable signal for improving document retrieval. In sum, these findings offer partial support for Q2:
snippet-based PRF can yield marginal improvements in specific cases, but reranking based on generated
snippet guidance appears to be a more consistent strategy across different question sets.

To investigate Q4 (Impact of Document Filtering), we assess whether applying the snippet extraction
model as a hard filter improves downstream precision at the expense of recall. We begin by comparing
UTc, which includes document filtering, with UTy,pp, where this component is disabled. Across all
batches, UTyopr achieves higher or comparable MAP (e.g., 30.65 vs. 29.86 in Batch 2; 7.24 vs. 6.95 in
Batch 4), suggesting that disabling the filter broadens the candidate pool and improves recall. However,
this gain comes at the cost of reduced F1 scores in every batch (e.g., 9.33 vs. 13.03 in Batch 1), reflecting
lower precision in snippet selection. A similar trend is observed when comparing UT,oprr (filtering
enabled) and UT,opgp (filtering disabled), both of which exclude pseudo-relevance feedback. Again,
UTopsp yields higher MAP in Batch 1 (30.20 vs. 30.04) and Batch 3 (20.72 vs. 20.11), but at the cost
of lower F1 (e.g., 9.48 vs. 14.86 in Batch 1). This reinforces the observation that document filtering
helps suppress noise and improves snippet-level precision, albeit with a risk of discarding relevant
content and hurting recall. In summary, using the LLM-based snippet extractor as a hard document
filter introduces a measurable trade-off: it improves precision in downstream tasks but can constrain
overall retrieval effectiveness. These results highlight the importance of carefully tuning the filter’s
threshold or considering softer filtering strategies to balance precision and recall, depending on the
needs of the end-to-end QA pipeline.

Snippet Extraction Stage. As we also participated in the snippet extraction task, we conducted an
in-depth analysis of the performance of our snippet extraction pipeline within the biomedical question
answering setting. Table 2 reports the results of UniTor@BioASQ systems in this task, with MAP as the
primary evaluation metric, and F1-score and leaderboard rank included for additional context. Since
snippet extraction operates downstream of document retrieval, its effectiveness is naturally conditioned
by the quality and relevance of the retrieved documents.

We evaluate the same four UniTor@BioASQ configurations introduced in Section 3.2, allowing us to
assess how different retrieval strategies impact the snippet-level evidence selection.

Main findings:

+ Retrieval quality strongly influences snippet performance: There is a clear positive cor-
relation between document MAP and snippet MAP. For instance, UT,,opr and UT,,prr, which
achieved strong retrieval results, also score highest in snippet MAP in Batches 2 and 3, respectively.
This supports the expected relationship that broader recall at the document level increases the
chance of recovering high-quality snippets.

+ High leaderboard placement despite retrieval variability: UniTor@BioASQ systems consis-
tently outperform the median across all batches. In Batch 1, UT,pgp and UT,,oprr achieve a rank
of 6™ out of 51 participants, highlighting the competitive strength of our snippet module. Even
in harder test sets (e.g., Batch 4), UT¢ and UT,,pr maintain a strong rank (13th out of 79), despite
relatively low MAP values.

- Robustness of the snippet extractor (Q3): Despite fluctuations in retrieval performance, the
snippet model performs stably across variants. For example, UTyopgp, which lacks both document
filtering and PREF, achieves the highest snippet MAP in Batch 1 (27.70), surpassing more complex
configurations. This robustness supports Q3, suggesting that the model can effectively identify
relevant evidence even from noisy or incomplete input. We attribute this to our training strategy:



the snippet extractor was fine-tuned on a dataset that includes not only positive and negative
examples, but also carefully selected borderline cases. These examples were designed to be
ambiguous or weakly relevant, helping the model learn fine-grained distinctions. This led to
improved generalization and resilience, particularly in scenarios where retrieved documents are
imperfect.

+ Trade-offs between MAP and F1 persist: As with document retrieval, configurations that omit
document filtering (e.g., UTyopr) often show slightly higher MAP but lower F1, reflecting reduced
snippet precision. In Batch 1, UTy,,pr matches UT¢ in MAP (22.82) but slightly improves F1 (8.74
vs. 8.17), a marginal shift likely due to retrieval noise.

In conclusion, snippet extraction quality is closely linked to retrieval effectiveness, but our results
strongly support Q3: the model remains effective even when retrieval is noisy, thanks in part to its
exposure to borderline training examples. This robustness enables consistently competitive perfor-
mance—e.g., reaching 6/51 in Batch 1, and confirms the value of designing the extractor to operate
reliably under imperfect upstream conditions.

Table 2

Snippet Extraction Stage: Performance of UniTor@BioASQ systems across 4 batches. The metrics
reported are the MAP and F1, where the rank is ordered by MAP. Bold values represent our best
submission. BS represents the Best competitor System in the challenge leaderboard, while M indicates

the median.
Sys Batch 1 Batch 2 Batch 3 Batch 4
MAP F1 Rank | MAP F1 Rank | MAP F1 Rank | MAP F1 Rank
UTc 22.82 8.17 12/51 33.96 9.24 6/41 18.49 6.02 13/47 8.25 5,51 13/79

UTobF 2282  8.74 12/51 | 33.96 1032 6/41 1849 6.56 13/47 | 825 576 13/79
UTnoprr | 27.70  10.81  6/51 33.15  9.77 8/41 | 19.74 641 10/47 | 559 3.46 16/79
UTwopgp | 27.70 1170  6/51 3315 1071  8/41 19.57 6.53 12/47 | 559 346 16/79
BS 4535 11.86 1/51 55.22 1421 1/41 43.22 1098 1/47 | 1634 5.60 1/79
M 10.85  6.69 20.12  9.24 9.68 5.44 239 198

4.3. Phase A+ Results: Multi-Task Answer Generation from Retrieved Evidence

This phase evaluates the answer generation capabilities of our biomedical QA pipeline, based on

evidence previously retrieved from PubMed. All four submitted systems share the same initial infor-

mation base, documents, and snippets processed by the retrieval stages described in Section 3.2. This

controlled setup allows us to isolate the effect of answer generation strategies and directly address

Research Question Q5 (Multi-Task Answer Generation): can a single generative model effectively handle

the full spectrum of biomedical question types, yes/no, factoid, list, and ideal, within a unified system?
To explore this question systematically, we varied two key experimental factors:

+ Snippet selection policy: Contexts provided to the answer generator were constructed priori-
tizing snippet diversity. Specifically, snippets were chosen from distinct documents whenever
possible to minimize redundancy and promote comprehensive coverage of relevant evidence.

+ Generative model architecture: We fine-tuned two open-source large language models, LLaMA-
3 and Phi-4, on the BioASQ training data. Although both models achieved similar performance on
the development set, we initially favored LLaMA-3 due to its smaller size (8B vs. 14B parameters).
However, after noticing slightly weaker results for factoid and ideal questions in early evaluation
batches, we switched to Phi-4 for later batches, as it demonstrated slightly better performance on
these tasks during tuning.

Additionally, we assessed the sensitivity of answer generation to context size by varying the maximum
number of input snippets (3, 4, or 5).
The final system configurations submitted for evaluation were:



UTc?: Up to 5 snippets retrieved by the complete pipeline (UT¢).
UTyopr*: Up to 4 snippets from retrieval without document filtering (UT,,opp).
UTwoprre?: Up to 4 snippets from retrieval without pseudo-relevance feedback (UTopr).

UTyopar’: Up to 3 snippets from retrieval without document filtering and pseudo-relevance
feedback (UTyopgp)-

Note that the primary differences among the four system configurations concern the number and
diversity of snippets used to construct the input context and the generative model chosen. In the early
batches (1-2), we employed LLaMA-3 due to its lighter computational footprint, while in later batches
(3-4), we switched to Phi-4 to enhance performance on factoid and ideal questions, as indicated by
tuning results. This variation in model architecture is reflected in the results tables, where an asterisk
(*) denotes the use of Phi-4 in Batches 3 and 4.

The following analysis breaks down system performance across the four question types, drawing
insights from automatic evaluation scores and rankings across all four batches.

+ Yes/No questions. As shown in Table 3, performance was close to the median across all batches,
with minor fluctuations across system variants. While the top-1 accuracy was not reached, several
configurations achieved competitive rankings (e.g., 11" in Batch 4). These results suggest stable
handling of binary classification, with minimal sensitivity to model architecture or snippet count.
Interestingly, performance across both LLaMA-3 and Phi-4 remained consistent, reinforcing the
idea that yes/no questions may be less demanding in terms of context reasoning or model capacity
compared to other subtasks. This further validates the feasibility of using a single lightweight
model for multi-task biomedical QA, as explored in Q5. It is also worth noting that most systems
converged toward high accuracy in Batch 1, indicating strong alignment between retrieved
evidence and question intent when relevant binary cues are present. However, the drop in Batch
2 suggests that robustness under domain shift or question framing variability remains a challenge,
which future work could address through more targeted training or specialized prompting.

Table 3

Phase A+ Answer Generation (Yes/No): Performance of UniTor@BioASQ systems across 4 batches.
The metric reported is the Accuracy. Bold values represent our best submission. Star (*) indicates the
batch in which the Phi-4 model is used, as a base model, instead of LLaMA-3. BS represents the Best
competitor System in the challenge leaderboard, while M indicates the median.

Svs Batch 1 Batch 2 Batch 3* Batch 4*
Y Acc Rank Acc Rank Acc Rank Acc Rank
UTC5 9412 14/56 | 70.59 37/49 | 81.82 18/58 | 88.46 11/67

UTnopr? 88.24  35/56 | 70.59 37/49 | 81.82 18/58 | 88.46 11/67
UTnopre* | 9412 14/56 | 8235 22/59 | 77.27 32/58 | 84.62 27/67
UTnopap® | 94.12  14/56 | 82.35 22/49 | 77.27 32/58 | 84.62 27/67
BS 100.0 1/56 | 100.0 1/49 | 9545 1/58 | 92.31 1/67
M 94.12 82.35 81.82 84.62

+ Factoid questions.Results in Table 4 show that UniTor@BioASQ systems consistently ranked
in the top 10. Notably, UTyepep® achieved 6th place in both Batch 2 and 3, confirming the
effectiveness of smaller, diverse contexts for pinpointing exact answers. Improvements observed
in later batches support our switch to Phi-4, which appears better calibrated for short-form
extraction under factoid constraints.



Table 4

Phase A+ Answer Generation (Factoid): Performance of UniTor@BioASQ systems across 4 batches. The
metrics reported are the Strict Accuracy and Mean Reciprocal Rank, where the rank is ordered by Strict
Accuracy. Bold values represent our best submission. Star (*) indicates the batch in which the Phi-4
model is used, as a base model, instead of LLaMA-3. BS represents the Best competitor System in the
challenge leaderboard, while M indicates the median.

Svs Batch 1 Batch 2 Batch 3* Batch 4*
Y S-Acc  MRR Rank | S-Acc  MRR Rank | S-Acc  MRR Rank | S-Acc  MRR Rank
UTe® 30.77 3269 11/56 37.04 37.04 16/49 20.00 21.67 18/58 4091 4091 17/67

UThopr? 30.77 32,69 11/56 | 37.04 37.04 16/49 | 25.00 26.67 6/58 4091 4091 17/67
UTnopre? 30.77  30.77 11/56 | 44.44 4444  6/49 15.00 15.00 25/58 | 4545 4545 7/67
UTnopsp® | 34.62 34.62  7/56 44.44 4444  6/49 25.00 25.00 6/58 | 45.45 4545 7/67
BS 4231 4423 1/56 59.26  59.26  1/49 35.00 3750 1/58 54.55 56.06 1/67
M 23.08  28.85 33.33  35.19 15.00  20.00 36.36  37.88

+ List questions. Table 5 shows that list QA was the most challenging subtask. Despite this,
UTpeprr? and UTpepgp’ reached top-10 positions in Batches 1 and 2. The overall lower perfor-
mance is likely due to the cap on input snippets (max 3-5), which restricts the system’s ability to
aggregate long-tail entities. While effective for precision, this limitation penalizes breadth, a key
factor in list generation.

Table 5

Phase A+ Answer Generation (List): Performance of UniTor@BioASQ systems across 4 batches. The
metric reported is the F1. Bold values represent our best submission. Star (*) indicates the batch in
which the Phi-4 model is used, as a base model, instead of LLaMA-3. BS represents the Best competitor
System in the challenge leaderboard, while M indicates the median.

Svs Batch 1 Batch 2 Batch 3* Batch 4*
Y F1 Rank F1 Rank F1 Rank F1 Rank
UTC5 1290 35/56 | 30.17 12/49 | 21.29 41/58 | 25.32 17/67

UTnopr? 13.07 32/56 | 30.17 12/49 | 21.76 40/58 | 23.43 31/67
UTnopre® | 21.40  10/56 | 3296  9/49 | 26.21 35/58 | 24.98 19/67
UTnopsp® | 17.20  21/56 | 32.96 9/49 | 27.52 32/58 | 25.03 18/67
BS 25.67 1/56 | 38.80 1/49 | 45.41 1/58 | 30.14  1/67
M 14.32 23.30 29.00 22.70

. Ideal questions. Table 6 highlights the strongest performance of our systems. UTpopgp° achieved
1%t place in Batch 1 and consistently ranked in the top 5 in all batches. These results indicate that
the combination of targeted snippet selection and fine-tuned LLMs produces coherent, informative,
and non-redundant long-form answers. The switch to Phi-4 in later batches appears to have
improved stability and depth in this subtask, supporting its use in complex generation scenarios.

Overall, despite varying retrieval quality, the answer generation stage still shows notable robustness,
especially when guided by focused snippet curation. These outcomes provide strong support for Q5:
careful design of the input context and strategic model selection can substantially impact answer
quality across tasks. Notably, our results suggest that smaller, fine-tuned models, when paired with
well-structured evidence, can rival larger architectures in real-world biomedical QA.

A key goal of Q5 was to assess whether a single, shared model instance could effectively handle the full
spectrum of biomedical QA subtasks, from binary classification to factoid identification, list aggregation,
and long-form ideal generation. Our results confirm that this is feasible: all UniTor@BioASQ systems
used the same model instance for all question types, without any task-specific specialization. Remarkably,
this multi-task configuration yielded top-tier performance in several settings, including a 1% place
ranking for ideal answers (Batch 1 and 3, see Table 6) and consistent top-10 placements for factoid QA.

These findings support the hypothesis that a single answer generator, when appropriately fine-tuned
and guided by curated context, can perform competitively across heterogeneous biomedical QA tasks.



This is particularly compelling given the modest model sizes employed (LLaMA 8B and Phi 14B),
suggesting that robust multi-task QA is achievable without resorting to extremely large-scale models,
thus offering a practical path toward efficient and unified biomedical question answering systems.

Table 6

Phase A+ Answer Generation (Ideal Answer): Performance of UniTor@BioASQ systems across 4 batches.
The metrics reported are the ROGUE-SU4 Recall and F1, where the rank is ordered by F1. Bold values
represent our best submission. Star (*) indicates the batch in which the Phi-4 model is used, as a base
model, instead of LLaMA-3. BS represents the Best competitor System in the challenge leaderboard,
while M indicates the median.

Svs Batch 1 Batch 2 Batch 3* Batch 4*
Y R-F1 R-Rec Rank | R-F1  R-Rec Rank | R-F1 R-Rec Rank | R-F1 R-Rec Rank
UTC5 20.06 22.47 2/56 20.67 23.77 6/49 19.48 18.41 7/58 15.94 15.82 4/67

UTnopr? 18.38 2237  4/56 | 21.17 2440  3/49 | 20.85 19.47 1/58 | 1576 1544  5/67
UTnopre? | 2026 2339 2/56 | 2091 2395 5/49 | 20.26 19.48  3/58 | 13.92 13.27 13/67
UTnopep® | 21.33  24.67  1/56 | 21.00 2416  4/49 | 19.44 18.60  8/58 | 14.12 1335 11/67
BS 1754  21.41 5/56 | 21.77  22.41 1/49 | 20.58  25.91 2/58 | 17.26  18.01 1/67
M 11.21 22.42 12.63 2218 11.88  19.48 9.86 16.06

4.4. Phase B Results: Answer Generation Leveraging Gold Snippet Context

A notable difference between Phase A+ and Phase B of the BioASQ 2025 Challenge lies in the availability
of a gold context provided by the organizers in Phase B. Specifically, while in Phase A+ the answer
generation relies solely on documents and snippets retrieved by the participant systems, in Phase
B the official gold snippets can be leveraged as contextual evidence to support answer formulation.
This distinction allows for a more controlled investigation of the impact of context selection strategies
on answer quality, as the ground-truth relevant snippets serve as a reliable and unbiased source of
information.

In this phase, we focus on evaluating various context selection policies utilizing the gold snippet lists
available in Phase B. To this end, we investigate the following system configurations:

« UT3: Context constructed from the first 3 snippets in the gold list.

« UT?: Context constructed from the first 5 snippets in the gold list.

« UTgr?: Context constructed from the top 3 snippets in the gold list, re-ranked according to
similarity with the question using SentenceBERT (SBERT).

« UTR>: Context constructed from the top 5 snippets in the gold list, re-ranked according to
similarity with the question using SBERT.

The rationale for applying a reranking step to the gold snippet list stems from the observation that
the official order of gold snippets does not necessarily reflect their relative relevance to the given
question. Therefore, for the UTg® and UTR’ systems, we compute the cosine similarity between the
embedding of the query and each gold snippet, using SentenceBERT as the embedding model, and select
the highest-scoring snippets to construct the input context. This semantic reranking aims to further
enhance answer quality by identifying the most pertinent pieces of evidence within the gold set.

In line with our experimental approach in Phase A+, for Batches 3 and 4 of Phase B, we adopted
Phi-4 14 B as the generative model in place of LLaMA-3 8B. This choice allows us to further assess
whether the increased model capacity and architectural improvements of Phi-4 result in better handling
of complex biomedical terminology and nuanced relationships, potentially translating into improved
answer quality when provided with optimal gold evidence.

We now report and discuss the results obtained by these systems across the four standard BioASQ
question types, with particular attention to how different context selection policies interact with model
architecture in shaping final answer quality.



By comparing systems utilizing the original ordering of gold snippets (UT?, UT®) against those
employing semantic reranking (UTg>, UTr®), we can systematically assess the influence of context
prioritization on the performance of biomedical question answering. This experimental setup enables a
direct investigation into how different context selection and ranking strategies affect answer quality
when reliable, expert-annotated evidence is available. The results of this analysis provide valuable
insights regarding the role of evidence ordering and semantic relevance in supporting answer generation
and may inform the design of future context construction pipelines for biomedical QA systems.

The following analysis breaks down system performance across the four question types, drawing
insights from automatic evaluation scores and rankings across all four batches.

+ Yes/No Questions. As expected, we observe a general increase in accuracy across all batches
when models are provided with the gold snippet context in Phase B, compared to when answers
are generated from retrieved evidence in Phase A+. For instance, considering our best submission
in Batch 4, accuracy improves from 88.46% (Table 3) to 96.15% (Table 7) when switching from
retrieved to gold evidence. When comparing different context selection strategies, we find
that, for yes/no questions, the choice of input snippets, whether based on the original gold
ordering or semantic reranking, and whether using three or five snippets, has negligible impact
on performance. This result is intuitive, as binary questions often require only a single, clearly
relevant snippet to provide sufficient information for the correct answer. Accordingly, accuracy
is virtually identical across all tested context selection policies (UT?, UT?, UTg?, UTg’), with only
minimal variation observed between them.

Table 7

Phase B Answer Generation (Yes/No): Performance of UniTor@BioASQ systems across 4 batches. The
metric reported is the Accuracy. Bold values represent our best submission. Star (*) indicates the batch in
which the Phi-4 model is used, as a base model, instead of LLaMA-3. BS represents the Best competitor
System in the challenge leaderboard, while M indicates the median.

Batch 1 Batch 2 Batch 3* Batch 4*
Acc Rank | Acc Rank | Acc Rank | Acc Rank
uT? 9412 23/72 | 9412 22/72 | 86.36 42/66 | 92.31 21/79
uT 9412  23/72 | 9412 22/72 | 86.36 42/66 | 96.15 3/79
UTR? | 9412 23/72 | 9412 22/72 | 86.36  42/66 | 96.15 3/79
UTR5 94.12 23/72 | 94.12 22/72 | 86.36 42/66 | 96.15 3/79
BS 100.0 1/72 100.0 1/72 95.45 1/66 100.0 1/79
M 94.12 94.12 88.01 92.31

Sys

+ Factoid Questions. Analyzing the results for factoid questions, several observations can be
made. As with yes/no questions, systems generally benefit from the gold context: in every batch,
the Phase B systems (Table 8) outperform their Phase A+ counterparts (Table 4) by at least 10
points in terms of Strict Accuracy. Regarding the snippet selection mechanism, it is evident that
choosing snippets semantically closest to the question is the most effective strategy, leading to
clear benefits, particularly in the first two batches. Notably, in Batch 2, the system UTg® (based
on LLaMA-3 and leveraging the top 5 most similar snippets to the question as context) achieved
first place among 72 participating systems according to both Strict Accuracy and Mean Reciprocal
Rank metrics. This result highlights how appropriate context selection, combined with careful
fine-tuning of the LLM, enables the model to effectively suppress background noise and accurately
identify the precise entity that answers the factoid question.



Table 8

Phase B Answer Generation (Factoid): Performance of UniTor@BioASQ systems across 4 batches. The
metrics reported are the Strict Accuracy and Mean Reciprocal Rank, where the rank is ordered by Strict
Accuracy. Bold values represent our best submission. Star (*) indicates the batch in which the Phi-4
model is used, as a base model, instead of LLaMA-3. BS represents the Best competitor System in the
challenge leaderboard, while M indicates the median.

Sys

Batch 1 Batch 2 Batch 3* Batch 4*
S-Acc  MRR Rank | S-Acc  MRR Rank | S-Acc MRR Rank | S-Acc  MRR Rank

uT?
uT
UTgr
UTr

31 4615 4808 12/72 | 70.37 7037 1/72 35.00 35.00 14/66 | 5455 56.82 6/79
51 46.15 4808 12/72 | 70.37 7037 1/72 40.00  40.00 3/66 54.55 56.82 6/79

4231 44.23  21/72 | 66.67 66.67 2/72 40.00  40.00 3/66 54.55 56.82  6/79
38.46 40.38 37/72 | 66.67 66.67 2/72 | 40.00 4250 3/66 54.55 56.82 6/79

BS
M

53.85 59.62 1/72 66.67 66.67 3/72 45.00 50.43 1/66 63.64 63.64 1/79
40.39  44.23 50.00 51.92 25.38  29.11 4545 47.73

List Questions. Turning now to the results for list-type questions, where the system must enu-
merate a set of relevant biomedical entities for a given query, we observe a clear boost in F1 score
in Phase B (Table 9) compared to Phase A+ (Table 5). For instance, our best-performing systems
in Phase A+ achieved F1 scores of 21.40, 32.96, 27.52, and 25.32 across the batches, whereas in
Phase B these values improve substantially to 46.76, 44.87, 58.58, and 49.69, respectively. Unlike
factoid questions, there does not appear to be a significant effect associated with the specific
context selection strategy adopted, whether using the original gold snippet order or applying
semantic reranking. This outcome is reasonably explained by the nature of list questions, where
answers typically require entities that are distributed across multiple documents or pieces of
evidence. This characteristic is reflected in our results: the upper bound of 5 snippets provided
as context acts as a limiting factor, as the system is unable to benefit from additional evidence
that might be necessary to generate a more exhaustive list. As such, gains from more advanced
snippet selection are inherently capped by the context window, and performance remains primar-
ily constrained by the snippet budget rather than by the specific ordering or reranking of the
provided evidence.

Table 9

Phase B Answer Generation (List): Performance of UniTor@BioASQ systems across 4 batches. The
metric reported is the F1. Bold values represent our best submission. Star (*) indicates the batch in
which the Phi-4 model is used, as a base model, instead of LLaMA-3. BS represents the Best competitor
System in the challenge leaderboard, while M indicates the median.

Batch 1 Batch 2 Batch 3* Batch 4*
F1 Rank F1 Rank F1 Rank F1 Rank
uT? 46.76 40/72 | 44.87 45/72 | 54.55 32/66 | 45.08 45/79
uT 51.09 27/72 | 44.87 45/72 | 58.58 18/66 | 49.69 35/79
UTr® | 44.47 46/72 | 38.07 53/72 | 52.44 33/66 | 34.50 59/79
UTR5 44.83  45/72 | 38.07 53/72 | 56.01 24/66 | 41.33  49/79
BS 59.59 1/72 61.52 1/72 63.37 1/66 64.92 1/79
M 47.23 48.77 47.24 4717

Sys

Ideal Questions. For ideal answer generation, we again observe a strong positive impact from
using expert-annotated gold snippets as context, with a substantial boost in ROGUE-SU4 scores,
exceeding 10% improvement in each batch compared to Phase A+ results. In this subtask, the
specific snippet selection policy (original gold ordering vs. semantic reranking, three vs. five
snippets) does not yield any consistent measurable gains, as evident from Table 10. All variants
perform comparably, suggesting that, when the context is already curated and relevant, further
reordering has little effect on long-form answer generation quality. Across all batches, our
systems consistently achieve top-5 positions in ROGUE-SU4 F1, maintaining the trend observed



in Phase A+. Notably, in Batch 2 and Batch 3, the UTg® and UTR?® systems, based on LLaMA-3
and Phi-4, respectively, achieve second place out of all submissions. These results highlight both
the robustness of our answer generation pipeline and the key role of gold evidence in supporting
the production of comprehensive, high-quality biomedical summaries.

Table 10

Phase B Answer Generation (Ideal Answer): Performance of UniTor@BioASQ systems across 4 batches.
The metrics reported are the ROGUE-SU4 Recall and F1, where the rank is ordered by F1. Bold values
represent our best submission. Star (*) indicates the batch in which the Phi-4 model is used, as a base
model, instead of LLaMA-3. BS represents the Best competitor System in the challenge leaderboard,
while M indicates the median.

Batch 1 Batch 2 Batch 3* Batch 4*

R-F1 R-Rec Rank | R-F1 R-Rec Rank | R-F1 R-Rec Rank | R-F1 R-Rec Rank
uT? 36.39 39.75 5/72 38.22  40.07 3/72 32.28 31.12 7/66 29.11 27.56  10/79
uT 37.60 41.72 3/72 38.22  40.07 3/72 33.59 32.99 4/66 | 30.10 29.64 8/79
UTr® | 35.26 39.92 7/72 38.57 40.43 2/72 | 34.01 32.77 2/66 28.34 27.41 12/79
UTR® | 36.37 41.74 6/72 | 38.57 40.43 2/72 33.86 33.39 3/66 29.83 29.34 9/79
BS 40.08 42.95 1/72 42.87 46.05 1/72 34.39 33.83 1/66 35.15 37.25 1/79
M 18.36 31.03 21.11 30.06 19.46 28.27 19.41 24.49

Sys

4.5. Key Insights

The results of our participation in the BioASQ13b 2025 challenge provide a comprehensive answer
to the research questions driving this work, while highlighting several broader insights into modular
biomedical QA system design:

« Document Retrieval and Evidence Selection (Q1, Q2, Q4): Our ablation studies reveal that
combining semantic reranking (via LLM-generated synthetic snippets, Q1) and snippet-based
pseudo-relevance feedback (Q2) produces moderate but reliable gains in retrieval effectiveness.
However, aggressive document filtering (Q4) increases snippet-level precision at the expense of
recall, indicating that softer or more adaptive filtering strategies may offer better trade-offs in
future systems.

« Robustness in Snippet Extraction (Q3): The snippet extraction module consistently demon-
strated high robustness and competitive MAP and F1 scores, even with noisy upstream retrieval.
We attribute this to a fine-tuning regime that included not only positive and negative samples but
also carefully selected borderline cases. This enabled the extractor to learn fine-grained distinc-
tions and reliably filter relevant evidence, maintaining strong leaderboard placement regardless
of retrieval variability.

+ Unified and Effective Answer Generation (Q5): Our answer generator, based on a single
compact LLM, performed competitively across all biomedical question types (yes/no, factoid, list,
ideal) in a unified multi-task setting. When provided with retrieved evidence (Phase A+), the
system delivered robust results, especially for factoid and ideal answers, though list QA remained
bottlenecked by the snippet budget and retrieval coverage. With gold-standard context (Phase B),
answer quality improved substantially, leading to multiple top-5 and even 1%'/2"¢ place rankings,
particularly in factoid and ideal subtasks. Notably, semantic reranking of snippets was crucial for
factoid questions, but less so for yes/no and ideal answers, suggesting diminishing returns from
reordering when context is already expertly curated.

Take-home messages:

« Semantic reranking and feedback (Q1, Q2) add value, but retrieval and aggregation remain the
primary bottlenecks.



+ Robust, evidence-centric QA requires snippet extractors trained on ambiguous/borderline cases
(Q3).

« The precision-recall trade-off in document filtering (Q4) should be dynamically calibrated to task
needs.

+ Multi-task answer generation is feasible with compact LLMs, especially when paired with high-
quality, diverse evidence (Q5).

+ Closing the gap between retrieved and gold-standard evidence is essential for practical, scalable
biomedical QA.

Overall, these findings motivate further research into adaptive retrieval, advanced context construction,
and robust answer generation. By systematically grounding our pipeline design and evaluation in
the research questions, we provide both empirical evidence and practical guidance for future unified
biomedical QA systems, bringing the field closer to reliable, real-world deployment at scale.

5. Conclusions

This paper presented UniTor @BioASQ, a biomedical QA system designed to address several open
research questions on robust evidence retrieval and unified answer generation in BioASQ-style tasks.
Our approach was guided by the need to (i) understand the limits and benefits of semantic reranking
using synthetic snippets, (ii) assess the impact of different evidence aggregation strategies, and (iii)
test whether a single generative model can effectively handle the full spectrum of biomedical question
types.

To the best of our knowledge, we are the first to systematically exploit LLM-generated synthetic snip-
pets as semantic anchors in document reranking for biomedical QA. This hypothesis-driven reranking
proved efficient, yielding consistent gains of 1-3 MAP points over standard baselines and improving
recall without introducing prohibitive noise.

Across the 2025 BioASQ13b challenge, UniTor@BioASQ achieved its best results in snippet extraction
and ideal answer generation. Our snippet module was especially robust: in every batch, at least one
configuration ranked in the top five, even when upstream retrieval was imperfect. We also reached the
top five for ideal answer generation in all batches, and attained first place in two out of four batches.
In the factoid subtask, our best systems placed in the top five in two batches and ranked in the top ten
overall. These results confirm that, with careful evidence selection, even compact open-source LLMs
can deliver state-of-the-art generation quality on complex biomedical questions.

Performance on yes/no and list questions was generally close to the challenge median, with main
bottlenecks traced to evidence recall (for lists) and question framing (for yes/no). When provided with
gold-standard snippets (Phase B), answer quality improved significantly for factoid and ideal answers,
validating the centrality of evidence quality. Interestingly, semantic reranking of the gold snippets led
to further measurable improvements for factoid QA, but had less effect on yes/no and ideal answers.

In summary, UniTor@BioASQ results suggest that (i) LLM-generated snippet hypotheses are an
effective tool for semantic reranking in retrieval, (i) robust snippet extraction can reliably filter noisy
evidence, and (iii) a single answer generator can compete across diverse biomedical QA tasks. The main
limitation remains evidence recall in retrieval, especially for list questions. Future work will focus on
adaptive retrieval strategies and larger, more diverse context aggregation to further close the gap to the
best systems.
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