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Biomedical NLP
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> 1M publications per year



Reasoning about Biomedical Mechanisms

1. In order to … the mechanism of gonadotropin action on steroid … in 
vitro. 
2. The addition of 25-hydroxy cholesterol, … increased … in a 
dose-dependent manner. 
3. Inhibition of cholesterol side-chain cleavage … blocked … 
cholesterol-promoted steroid accumulation …, indicating that 25-hydroxy 
cholesterol … is metabolized … to an active steroid …. 
4. Likewise, trilostane, an inhibitor of delta 5-3 beta-hydroxysteroid 
dehydrogenase, blocked pregnenolone action. 
5. …
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● Publications study and report on 
mechanisms underlying relations

● It’s crucial to infer these mechanisms from 
evidence

● We need systems that can validate whether 
a given mechanism can be inferred from 
some evidence 

● We need resources to train these systems

We have concluded from these observations that cholesterol side-chain 
cleavage and … are essential for … steroid production … and 
gonadotropin initiates steroid by acting at a step prior to the conversion of 
cholesterol to …
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Manual Data Creation
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● Human bias
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Related Work

● MedNLI (Romanov and Shivade, 2018) 
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SuMe: Summarizing Biomedical Mechanism Dataset

Given:
Set of sentences (supporting set)
Pair of entities 

Generate:
Relation that connects the entities 
Sentence explaining the mechanism
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1. In order to … the mechanism of gonadotropin action on steroid 
… in vitro. 
2. The addition of 25-hydroxy cholesterol, … increased … in a 
dose-dependent manner. 
3. Inhibition of cholesterol side-chain cleavage … blocked … 
cholesterol-promoted steroid accumulation …, indicating that 
25-hydroxy cholesterol … is metabolized … to an active steroid 
…. 
4. Likewise, trilostane, an inhibitor of delta 5-3 
beta-hydroxysteroid dehydrogenase, blocked pregnenolone action. 
5. …

We have concluded from these observations that 
cholesterol side-chain cleavage and … are essential 
for … steroid production … and gonadotropin 
initiates steroid by acting at a step prior to the 
conversion of cholesterol to …



Task Definition: Biomedical NLI
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How to generate adversarial examples from positive ones?

1. In order to … the mechanism of gonadotropin 
action on steroid … in vitro. 
2. The addition of 25-hydroxy cholesterol, … 
increased … in a dose-dependent manner. 
3. Inhibition of cholesterol side-chain cleavage … 
blocked … cholesterol-promoted steroid accumulation 
…, indicating that 25-hydroxy cholesterol … is 
metabolized … to an active steroid …. 
4. Likewise, trilostane, an inhibitor of delta 5-3 
beta-hydroxysteroid dehydrogenase, blocked 
pregnenolone action. 
5. …

We have concluded from 
these observations that 
cholesterol side-chain 
cleavage and … are essential 
for … steroid production … 
and gonadotropin initiates 
steroid by acting at a step 
prior to the conversion of 
cholesterol to …

We have concluded from these 
observations that vasodilation 
side-chain cleavage and … are 
essential for … 
gonadotropin-promoted follicle 
steroid production … and 
gonadotropin initiates steroid by 
acting at a step prior to the 
conversion of vasodilation to …
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Automatic adversarial generation challenges

● Easy-to-predict samples
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Automatic adversarial generation challenges

● Easy-to-predict samples

● Incorrect samples

● Defining constraints
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How to generate adversarial examples from positive ones?

Neural 
Based
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What kind of transformations can yield negatives?
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Simple transformations: swap entity names
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We have concluded from these observations that cholesterol side-chain 
cleavage and … are essential for … steroid production … the enzymes 
necessary for the conversion of cholesterol to 17 alpha-OH … and 
gonadotropin initiates steroid by acting at a step prior to the conversion of 
cholesterol to …

cholesterol steroid

REG         ELE
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We have concluded from these observations that cholesterol side-chain 
cleavage and … are essential for … steroid production … the enzymes 
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steroid        cholesterol

We have concluded from these observations that cholesterol side-chain 
cleavage and … are essential for … steroid production … the enzymes 
necessary for the conversion of cholesterol to 17 alpha-OH … and 
gonadotropin initiates steroid by acting at a step prior to the conversion of 
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Simple transformations: verb negation
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We have concluded from these observations that cholesterol side-chain 
cleavage and … are essential for … steroid production … the enzymes 
necessary for the conversion of cholesterol to 17 alpha-OH … and 
gonadotropin initiates steroid by acting at a step prior to the conversion of 
cholesterol to …

We have concluded from these observations that cholesterol side-chain 
cleavage and … are not essential for … steroid production … the enzymes 
necessary for the conversion of cholesterol to 17 alpha-OH … and 
gonadotropin initiates steroid by acting at a step prior to the conversion of 
cholesterol to …

are essential

VERB

are not essential

VERB



Simple transformations: swap numbers
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We have concluded from these observations that cholesterol side-chain 
cleavage and … are essential for … steroid production … the enzymes 
necessary for the conversion of cholesterol to 25 alpha-OH … and 
gonadotropin initiates steroid by acting at a step prior to the conversion of 
cholesterol to …

17

NUMBER

25

NUMBER

We have concluded from these observations that cholesterol side-chain 
cleavage and … are essential for … steroid production … the enzymes 
necessary for the conversion of cholesterol to 17 alpha-OH … and 
gonadotropin initiates steroid by acting at a step prior to the conversion of 
cholesterol to …



Rule-based Transformations
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1. Swap entity names (SEN)

2. Swap entity positions (SEP)

3. Swap random entity (SRE)

4. Swap random entity with out of text entity (SREO) 

5. Verb negation (VN)

6. Swap numbers (SN)

7. Lexical Polarity Reversal (LPR)
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❏ Semantics are clear

Cons:
❏ Easy for models
❏ Number and type of samples is limited
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Generation-based Methods
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Score
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0.65

0.21
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Generation-based Methods
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Abstract

T5 Neurological decoder1

1. Ximing Lu, et al. NeuroLogic decoding: (un)supervised neural text generation with predicate logic constraints. NAACL 2021
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Abstract

T5

Neurological decoder1

SEN constraints:
steroid is REG and 
cholesterol is ELE

1. Ximing Lu, et al. NeuroLogic decoding: (un)supervised neural text generation with predicate logic constraints. NAACL 2021

We conclude that steroid is … 
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Abstract

T5

Neurological decoder1

SRE constraints:
cholesterol is REG and 
GVBD is ELE

1. Ximing Lu, et al. NeuroLogic decoding: (un)supervised neural text generation with predicate logic constraints. NAACL 2021

In conclusion GVBD is 
regulated by  … 
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Abstract

T5

Neurological decoder1

Negative constraints:
cholesterol is not REG and 
steroid is not ELE

1. Ximing Lu, et al. NeuroLogic decoding: (un)supervised neural text generation with predicate logic constraints. NAACL 2021
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Data Statistics: Full distribution
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❏ More than 21K instances in total

❏ Roughly balanced positive and 
unique negative instances.
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❏ Generating all possible 
perturbations for each instance
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❏ Generating all possible 
perturbations for each instance

 

❏ Imbalanced categorical data in 
negative instances
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Benchmarking Evaluation

● How well do existing Biomedical LMs fare on this NLI task?

● How is the performance of hypothesis only models?

● Are the LMs consistent over groups of adversarial instances?
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LMs: PubMedBERT, BioLinkBERT



Evaluation: rule-based vs neural-based methods 
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rule-based neural-based

PubMedBERT Performance



Evaluation: rule-based vs neural-based methods 

24

rule-based neural-based

PubMedBERT Performance



Evaluation: BioNLI is hard to game with hypothesis only model
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Data Statistics: What is the impact of category distribution?
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● Category distributions are unbalanced

● Downsample the dominant categories



Evaluation: Balanced Distribution
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Error Analysis
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1. Multiple pieces of information 10%
2. Abbreviation 10% 
3. Unrelated information 16% 
4. Mechanism mix up 18% 
5. Noun phrase mix up 20% 
6. Entity Similarity 26% 



Takeaways
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● New Biomedical NLI task based on mechanisms.

● Automatic methods for high quality NLI instances.

● Challenges for consistent NLI reasoning in LMs. 



How to access

https://stonybrooknlp.github.io/BioNLI/

mbastan@cs.stonybrook.edu

30

https://stonybrooknlp.github.io/BioNLI/

