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Our End Goal

What are 10 novel drugs that may 
treat glioblastoma?

https://pixabay.com/en/petri-dish-bacteria-laboratory-311960/
https://commons.wikimedia.org/wiki/File:Glioblastoma_-_MR_sagittal_with_contrast.jpg



Knowledge discovery - hypothesis generation

GBM Prozium

tyrosine 
kinases

lung 
cancer

TMZ

Cooccurrence based

Will GBM cooccur with 
Prozium in a future 

publication?



Different levels of linked annotation

Prozium treats Glioblastoma
MESH:D000014215 MESH:D005909

Named entity recognition:

Prozium treats GlioblastomaNER + Relation extraction:

 medical condition treated (P2175)
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PMID Relation ID1 ID2

28008301 treats MESH:D018967 MESH:D012559

2542067 physically interacts MESH:D007649 MESH:C564276

28039754 genetic association MESH:D000212 MESH:D006562

1668116 treats MESH:D000525 MESH:D001791

Pubmed Scale 
NER + Relation extraction:

Applications



Evaluating a hypothesis generation system

Training
data

Test
data

Year 2010

Cooccurrences from papers < 2010 Cooccurrences from papers >= 2010



Hypothesis generation with tuples

GBM Prozium

tyrosine 
kinases

lung 
cancer

TMZ

treats

similar

targets

involved in

is driven by

What relation (if any) 
may occur between 

GBM and Prozium in a 
future publication?

What data can be 
used to evaluate this 

system?



The Dataset

PubTator
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Seed 
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Genetic Association Disease Gene 2,107

Medical Condition 
Treated Chemical Disease 1,993

Physically Interacts Chemical Gene 1,471

Built to update 
easily with 

PubRunner

Kindred Python package



The Dataset

Wikidata
Seed 

Tuples

PubTator
Distant 

supervision 
classifier

Identify potential 
within-sentence 

relations and 
vectorize

Relation Type Entity 1 Entity 2 # of 
relations

Genetic Association Disease Gene 2,107

Medical Condition 
Treated Chemical Disease 1,993

Physically Interacts Chemical Gene 1,471

Relation Type # in Training 
data

# in Test 
data

Genetic Association 41,284 20,651

Medical Condition 
Treated 85,754 25,367

Physically Interacts 70,645 28,702

All with 
associated 
PMIDs and 
publication 
dates

Built to update 
easily with 

PubRunner

Kindred Python package



The Dataset

Wikidata
Seed 

Tuples

PubTator
Distant 

supervision 
classifier

Identify potential 
within-sentence 

relations and 
vectorize

Relation Type Entity 1 Entity 2 # of 
relations

Genetic Association Disease Gene 2,107

Medical Condition 
Treated Chemical Disease 1,993

Physically Interacts Chemical Gene 1,471

Relation Type # in Training 
data

# in Test 
data

Genetic Association 41,284 20,651

Medical Condition 
Treated 85,754 25,367

Physically Interacts 70,645 28,702

All with 
associated 
PMIDs and 
publication 
dates

Built to update 
easily with 

PubRunner

Kindred Python package

Training data Test data



The Hackathon Proposal

Training data Test data

https://www.quora.com/What-is-word-embedding-in-deep-learning
http://kayaogz.github.io/research/ 

● Try out different hypothesis generation methods on this data set

Embedding-based (e.g. TransE) Tensor-based (e.g. Rescal) Path-based



Things I’d like to share

● Data
○ Vectorized representations of all within sentences relations in 

PubTator (using Kindred)
○ Dataset from this project
○ Precision cancer medicine-related annotations

● Software
○ PubRunner - Manage the execution of text mining tools and keep 

results up-to-date
○ Kindred - Simple relation extraction Python package

https://github.com/jakelever/
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