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Natural language processing for drug 

development from animal studies to clinical trials 

to regulatory approval

Methods:

• Evidence synthesis

• Data pipelines with Natural language 

processing (NLP) and large language models

Impact:

1. Improve efficiency and safety of drug dev

2. Reduce unnecessary animal testing

3. Increase transparency and reproducibility

STRIDE-Lab webpage
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The STRIDE-Lab

https://stride-lab.pages.uzh.ch/website/
https://stride-lab.pages.uzh.ch/website/
https://stride-lab.pages.uzh.ch/website/


What is medical data science?
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What medical data science is not
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What is medical data science?

The discipline of making medical data useful
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Subfield Function

Descriptive analysis Get inspired

Machine learning/AI Make recipe (hypothesis-generating)

Statistics Decide wisely (hypothesis-testing)



What is medical data science
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Medical Research



The AI hype
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Die wie vielte KI-Welle reiten wir aktuell?

A. Die Erste.

B. Die Dritte.

C. Die Fünfte.

D. Die Siebte.
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The current Data science/AI wave is part of a 30-year tide

11 Slide adjusted from James Teo
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1. Systematic Review
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What is a systematic review?
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A systematic review is a research summary that addresses a focused 

question using explicit methods.



Why perform a systematic review?

15



Tirilazad

Neuroprotective in acute stroke?

> 15 publications showing similar findings
Sena et al., Stroke, 2007

https://doi.org/10.1161/01.STR.0000254462.75851.22
https://doi.org/10.1161/01.STR.0000254462.75851.22
https://doi.org/10.1161/01.STR.0000254462.75851.22


2. Large Language Models (LLMs)
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What are (Large) language models (LLMs)?
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He et al., Arxiv, 2024

(L)LM = (Large) language model

A computational model 

capable of “understanding” 

and generating human 

language, performing tasks 

like text generation, 

translation, summarization, 

and classification.
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How successful is drug 

development from animals to 

humans?
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Wie viele Medikamente, die am Tierversuch erfolgsversprechend 

wirken, erhalten letztlich die Zulassung für den Menschen?

A. 1%

B. 5%

C. 10%

D. 20%
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Animal-to-human translation
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Proportion of successful translation

After 10 years: Only 1 in 20 drugs reaches approval for human 

use
Ineichen et al., PLoS Biol, 2024

367 therapies

54 unique diseases

6736 observation years
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Results: proportion of translation per category
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Translational proportions are different in different biomedical fields

Ineichen et al., PLoS Biol, 2024
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After 10 years: Only 1 in 20 drugs reaches approval for human 

use

Ineichen et al., PLoS Biol, 2024
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Why is that?
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Use case 1: Identifying systemic
problems in psychedelic animal

research

27
Brian Allen
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Challenges in animal research testing
psychedelic substances

Allen et al., manuscript submitted
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Challenges in animal research testing
psychedelic substances

Allen et al., manuscript submitted



Low rigour of animal studies testing
psychedelic substances

30 Allen et al., manuscript submitted



Questionable dosing of psychedelic
substances

31 Allen et al., manuscript submitted



Questionable dosing of psychedelic
substances

32 Allen et al., manuscript submitted



Use case 2: Systematically
assessing timing of animal

studies in drug development
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Pia Härvelid Mia Schuster



FDA-approved drugs between 2011 and 2014
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62 drugs identified

• 23 excluded (non-

drugs, withdrawn, or

• Discontinued)

• 3 excluded (no

eligible articles

identifed)

-> 36 drugs included

Active substance(s) Medical indications

Vilazodone Depression

azilsartan medoxomil Hypertension

roflumilast COPD, bronchitis

vandetanib medullary thyroid cancer

linagliptin Diabetes, glycemic control

belatacept Organ transplantation

icatibant angioedema

Vismodegib Basal cell carcinoma

Tafluprost glaucoma, intraocular pressure

Avanafil erectile dysfunction

Aclidinium bromide Bronchitis, COPD, bronchospasm

Aflibercept colon cancer

Linaclotide Irritable bowel syndrome, constipation

Ocriplasmin vitreomacular adhesion

Omacetaxine mepesuccinate chronic myeloid leukemia, leukemia

Cabozantinib medullary thyroid cancer

Raxibacumab Bacillus anthracis, Anthrax

Pasireotide Cushing

Lomitapide hypercholesterolemia, dyslipidemia

Alogliptin benzoate Diabetes, glycemic control

Radium Ra-233 cancer

Vortioxetine Depression

Bazedoxifene/estrogens menopause

Riociguat Pulmonary Hypertension, pulmonary arterial hypertension

Macitentan Pulmonary Hypertension, pulmonary arterial hypertension

Elosulfase alfa Mucopolysaccharidosis

Droxidopa hypotension, dizziness, lightheadedness

Metreleptin lipodystrophy, leptin deficiency

Siltuximab lymphoproliferative disorders, Castleman

Vorapaxar myocardial infarction, peripheral arterial disease, stroke, coronary artery disease

Belinostat lymphoma, cancer

Tavaborole onychomycosis, fungus

Idelalisib leukemia, cancer

Olodaterol COPD, bronchitis

Oritavancin antibiotic

Suvorexant sleep problems, insomnia

Eliglustat Gaucher, accumulation disease

Netupitant/palonosetron nausea, vomiting

Pirfenidone pulmonary fibrosis

Härvelid et al., manuscript in preparation



Included studies

35 Härvelid et al., manuscript in preparation



Proportion of post-approval studies
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84% of animal studies published

after regulatory approval

(1345/1592 studies)

If considering a time gap of

3 years post-approval:

67% published after regulatory

approval (1063/1592 studies)

Härvelid et al., manuscript in preparation



Testing efficacy as common reason for
post-approval animal studies
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22% of post-approval animal studies conducted

exclusively for efficacy reasons



Animal effect sizes are not associated
with clinical drug value

38 Härvelid et al., manuscript in preparation



Where is this Going?
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Ineichen et al., Lab Animal, 202340

The problem: skyrocketing evidence…



What are (Large) language models (LLMs)?
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He et al., Arxiv, 2024

(L)LM = (Large) language model

A computational model 

capable of 

“understanding” and 

generating human 

language, performing 

tasks like text generation, 

translation, 

summarization, and 

classification.
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Trialomics: Curating large scale data on drug
development

Simona Doneva

TrialSim

Drug trial – omics: Trialomics
Which factors govern successful

development of drugs?



AI for large scale assessment of animal-to-
human translation
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AI for large scale assessment of animal-to-
human translation
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How to improve drug testing in 
animals?

13.04.2026 12:2445



Conclusions
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• Animal research is (still) important.

• There are systemic problems in animal research.

• Animal research should overall be more rigorous to optimize value for
human health and credibility.

• AI as critical tool to understand drug development and to make it more
evidence-based.

Recommendation:

1. Training and awareness

2. Connecting animal and human researchers (reverse translation?)



Quiz
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• Go to joinmyquiz.com 

• Enter quiz number: 473345

https://wayground.com/join?gc=682741&source=liveDashboard


Benjamin.ineichen@unibe.ch
48

Collaborators:

Prof. Fredrik Piehl (Karolinska Institute)

Prof. Beate Sick(University of Zurich)

Prof. Daniel S. Reich (NIH)

Prof. Malcolm Macleod (University of Edinburgh)

Prof. Ian Simpson (University of Edinburgh)

Prof. Gerold Schneider (University of Zurich)

Prof. Mike Wattjes (Charite Berlin)

Prof. Ian Simpson (University of Edinburgh)

The entire Team!

mailto:Benjamin.ineichen@unibe.ch

	Slide 1
	Slide 2
	Slide 3: Vom Code zum Heilmittel: Die Rolle der KI in der modernen Medikamentenentwicklung
	Slide 4
	Slide 5: What is medical data science?
	Slide 6: What medical data science is not
	Slide 7: What is medical data science?
	Slide 8: What is medical data science
	Slide 9: The AI hype
	Slide 10
	Slide 11: The current Data science/AI wave is part of a 30-year tide
	Slide 12
	Slide 13
	Slide 14: What is a systematic review?
	Slide 15: Why perform a systematic review?
	Slide 16
	Slide 17
	Slide 18: What are (Large) language models (LLMs)?
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23: Results: proportion of translation per category
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28: Challenges in animal research testing psychedelic substances
	Slide 29: Challenges in animal research testing psychedelic substances
	Slide 30: Low rigour of animal studies testing psychedelic substances
	Slide 31: Questionable dosing of psychedelic substances
	Slide 32: Questionable dosing of psychedelic substances
	Slide 33
	Slide 34: FDA-approved drugs between 2011 and 2014
	Slide 35: Included studies
	Slide 36: Proportion of post-approval studies
	Slide 37: Testing efficacy as common reason for post-approval animal studies
	Slide 38: Animal effect sizes are not associated with clinical drug value
	Slide 39
	Slide 40
	Slide 41: What are (Large) language models (LLMs)?
	Slide 42
	Slide 43: AI for large scale assessment of animal-to-human translation
	Slide 44: AI for large scale assessment of animal-to-human translation
	Slide 45: How to improve drug testing in animals?
	Slide 46: Conclusions
	Slide 47: Quiz
	Slide 48

