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The regulatory setting
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• European Medicines Agency (EMA) is responsible for
the decision of authorization of medicines

• Decision is based on extensive details on evidence
concering
Efficacy, Safety and Quality.

• These decisions are published in the
European Public Assessment Report (EPAR)
to ensure transparency



Regulatory work: a paper mill

A dream for NLP
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EPAR



EPAR



Decision: Benefit Risk balance

• Adverse events
• Toxicity

• Efficacy

B/R

- What is the disease burden?
- Are there any other medicines on the market already?

- Is it symptomatic or does it cure the disease



Sometimes, uncertainties in the B/R remain

It isn’t always feasible to study everything before marketing authorization of the medicinal product
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• Long-term effects of the medicine

• Specific populations
• pregnant women
• Paediatric patients

• Drug-drug interactions
• What if I use aspirin together with my GLP-1 agonist?



The problem
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• EPARs are written by different countries & different authors

• No common language or taxonomy to describe
uncertainties

• Differences in culture and linguistic
background



The Dutch used the most number of words to
describe uncertainties
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The solution
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Cluster uncertainties on their overarching topics

as a first steppingstone towards harmonization



How?
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• No biosimilar
• No generic
• No well-established use

Innovative medicines ony
Method from Bergman, E., Sherwood, K., Forslund, M., Arlett, P., & Westman, 
G. (2022). A natural language processing approach towards harmonisation of 
European medicinal product information. Plos one, 17(10), e0275386.
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How?

No commercial duplicates

Method from Bergman, E., Sherwood, K., Forslund, M., Arlett, P., & Westman, 
G. (2022). A natural language processing approach towards harmonisation of 
European medicinal product information. Plos one, 17(10), e0275386.
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How?

Method from Bergman, E., Sherwood, K., Forslund, M., Arlett, P., & Westman, 
G. (2022). A natural language processing approach towards harmonisation of 
European medicinal product information. Plos one, 17(10), e0275386.
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How?

pretrained Sentence-BERT 
(SBERT) 
all-mpnet-base-v2 model

Method from Bergman, E., Sherwood, K., Forslund, M., Arlett, P., & Westman, 
G. (2022). A natural language processing approach towards harmonisation of 
European medicinal product information. Plos one, 17(10), e0275386.

Presenter Notes
Presentation Notes
UMAP: Unifold Manifold Approximation and Projection: identify underlying structure in a sentence
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How?

Method from Bergman, E., Sherwood, K., Forslund, M., Arlett, P., & Westman, 
G. (2022). A natural language processing approach towards harmonisation of 
European medicinal product information. Plos one, 17(10), e0275386.

Presenter Notes
Presentation Notes
DBSCAN: Density-Based Spatial Clustering of Applications with NoiseSilhouette coefficient and Davies-Bouldin and Caliński-Harabasz indices used to determine parameters such as optimal radius of the circle & minimal cluster size



26 clusters
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Each cluster consists of semantically
similar sentence embeddings
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26 clusters
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26 clusters
Cluster information 

Cluster ID Uncertainties related to N Sentences 
N Favorable 

sentences 
N Unfavorable 

sentences % Noise 

N Unique 
innovative 
medicines 

N Unique 
active 

substances 
1 Psychiatry and psychopharmacological 

medicines 
127 63 64 2.4% 25 25 

2 Noise 3359 2196 1163 100.0% 504 492 
3 Immunology and oncology 986 430 556 2.0% 254 249 
4 Age 389 196 193 5.9% 185 180 
5 Cardiology 207 50 157 14.0% 95 94 
6 Vaccines 503 299 204 0.2% 49 47 
7 Posology 356 262 94 5.9% 158 155 
8 Organ impairment 556 132 424 4.3% 195 193 
9 Pain and opioids 88 64 24 4.5% 15 15 

10 Antidiabetics 206 81 125 1.5% 25 25 
11 Pharmacovigilance and lack of safety 

data 
165 29 136 19.4% 130 129 

12 Virology and antivirals 343 251 92 2.9% 69 68 
13 Respiratory disease and clotting 

factors 
121 99 22 5.0% 28 28 

14 Body weight and GLP1-agonists 289 144 145 10.4% 55 53 
15 Ophthalmology 183 45 138 1.6% 38 36 
16 Insulin Growth Factor 1 78 40 38 0.0% 7 7 
17 Bone 81 36 45 0.0% 18 18 
18 Hematology 224 109 115 0.0% 51 50 
19 HIV medicines 93 65 28 1.1% 8 8 
20 Pregnancy and fertility 259 39 220 0.8% 97 95 
21 Antibiotics and antimycotics 79 65 14 0.0% 15 15 
22 Patient group differences in adverse 

event occurrence 
100 2 98 1.0% 65 64 

23 Effects on LDL and LDL-lowering 
medicines 

132 54 78 3.8% 14 14 

24 Noise 50 45 5 100.0% 12 12 
25 Migraine and headache 60 45 15 0.0% 7 7 
26 Adverse events and injections 65 8 57 6.2% 57 56 

n.a. Outliers 4006 2050 1956 100.0% 492 480 
Sum (mean for noise) 13105 6899 6206 3.9%     

 

>7000 sentences were either noise or outliers



Sensitivity analysis
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Bootstrap sampling (10,000 iterations)
Mean Adjusted Rand Index (ARI): 0.87 (95% CI: 0.81-0.91)

Subsampling (sample fraction of 0.9 for 10,000 iterations)
Mean ARI: 0.88 (95% CI: 0.85-0.90)

But…. Input data affects outcomes!

Secondary analysis

4 new clusters related to Risk management
• Communication of uncertainties
• Post-authorization risk management
• Conclusion/interpretation of uncertainties
• Lacking outcome data



Future: EMRD
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LAUNCH Q3/Q4 2024

https://emrd.uu.nl

Presenter Notes
Presentation Notes
Deterministic scraping

https://emrd.uu.nl/


Discussion
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+ Relatively easy application of NLP

- Lots of outliers & noise (>50%) in clustering
- E.g., due to multi-sentence reasoning
- Context of punctuation (drug A vs.)
- …

• First step towards harmonization (?) Link to the paper 

https://doi.org/10.1002/cpt.3195

https://doi.org/10.1002/cpt.3195




Clustering

UMAP: Uniform Manifold Approximation and Projection

To allow clustering of nonlinear geometries in embedding space

That is

Being able to identify underlying structure in a sentence of a lower
intrinsic dimension
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