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Disclaimer

The opinions expressed in this presentation and on the following slides are solely those of the 
presenter and not necessarily those of Novo Nordisk.

Novo Nordisk does not guarantee the accuracy or reliability of the information provided herein. 
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Have you used any NLP powered tools?

Google suggestion Virtual assistant devices Spelling correction

Translation
This Photo by Unknown Author is licensed under CC BY-NC-ND

Spam mail identifier

This Photo by Unknown Author is licensed under CC BY-SA-NC
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and many 
more….

https://askleo.com/how_do_i_hide_the_email_addresses_im_sending_to_on_a_message/?source=post_page---------------------------
https://creativecommons.org/licenses/by-nc-nd/3.0/
https://technofaq.org/posts/2020/10/technology-that-is-changing-seo/
https://creativecommons.org/licenses/by-nc-sa/3.0/


What is NLP?

NLP refers to the branch of computer science, linguistics  and 
artificial intelligence concerned with giving computers the 
ability to understand text and spoken words in much the same 
way human beings can. Its rule-based modeling of human 
language with statistical, machine learning, and deep learning 
models. 

NLP

Computer 
Science

Human 
Language

AI DLML
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Early days of NLP: Rule 
based approach

1950 

1980 

2010 

Today 

History of NLP

In 1947, after 
world war II, 

importance of 
language 

translation by a 
machine 

increased. 
Present day NLP 
is focused more 
on information 
extraction and 

generation from 
big data. Uses the 

information to 
improve language 

processing.
This Photo by Unknown Author is licensed under CC BY-SA

Statistical approach 
become popular: ML 
approach

Advances in 
computer 
hardware: 
Deep learning 
approach

Large language 
models: Uses in real 
world applications 
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clinical trials and 
real-world 
analysis 

benefited from 

NLP  



Let’s explore NLP aid examples!

Linguistic analysis and 
extraction of 
knowledge/literature mining 
from unstructured data

Sentiment analysis and topic 
modeling

System integration driven 
information extraction

NLP as important step in 
using AI models for clinical 
predictive analysis and 
descriptive analysis

Patient record interpretation Creating symptoms cluster 
graphs

Automate interpretation 
from images like ultrasound

Detect critical trends and 
patterns 
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Extraction of literature from unstructured data

Extraction of knowledge from free text clinical 
reports, trial metadata, clinical trial 

descriptions, consumer generated text, 
biomedical literature, clinical guidelines etc.

Tech-
enable

Improves the way we make Trial designs, product 
strategies and respond to questions from Health 

Authorities
Reduce time spent on writing new content or searching 

for information across lengthy files
Give consistent answers

Re-use content to provide quick answers
Avoid increase of resources or delays of approvals
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Identify similarities across trials with trial 
metadata

Can flowchart be helpful?
v A lot of assessments are 

common across trials and may 
not be that useful to describe a 
trial rational / objective

v Can be harder to find what is 
important for a similarity score

Protocol title, primary & secondary 
objectives, compound text

v This text represents the 
rationale of the trial (why / what 
/ how/ when)

v These fields are long text, and it 
is not easy to search key 
information across, NLP can 
help

Trial 1 Trial 2 Key features Scores

Abcd100 Xyz2020

Superiority, placebo, treatment1, ratio, 
difference, glycaemic control, exclusion 
criteria x, inclusion criteria x, 
hypoglycaemic, estimand….etc.

0.78

Abcd100 Xyz2001
Superiority, placebo, treatment1, 
exclusion criteria x, difference, 
hypoglycaemic, safety, estimand…etc.

0.69

Abcd100 Efg2301 Superiority,treatment1, difference, 
hypoglycaemic, safety, Relative risk..etc. 0.56
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Process flow
10

TF-IDF: Term Frequency-Inverse Document Frequency;  MDS: Multidimensional Scaling ;  t-SNE: t-distributed stochastic neighbor embedding 

Data lake
Structured trial 

metadata

Electronic Trial 
Master Files 

(eTMF)

Data Preprocessing 
Remove noise, tokenize, 

and lemmatize

Text Vectorization 
Convert text data into numerical 

representations using techniques 
like TF-IDF or word embeddings for 

mathematical analysis

Similarity Measurement
Measures like cosine similarity, Jacobian 

similarity, Euclidean or Manhattan 
distance, and Word Mover's distance, 

Indicate direction, size, intersection size, 
and minimum distance needed for word 

alignment.

Clustering and 
Visualization 

group similar trials 
based on scores &

 visualize them using 
techniques like MDS 

or t-SNE.

Topic Modeling 
(Optional)

Utilize topic modeling 
techniques like LDA to 
identify latent topics in 

trial metadata and 
identify thematic 

similarities

Evaluation and 
Interpretation

Analyze similarity analysis 
to identify clusters of trials 

with common 
characteristics and 

understand patterns.

Application 
Use trial similarities 

for recommendations, 
clinical trial design, 

and systematic review 
enhancement.

Model Maintenance and 
Feedback Loop

Update NLP models and 
analyze trial data regularly, 

gather feedback, and 
enhance relevance and 

accuracy.



Sentiment analysis & topic modeling

With the pervasiveness of social media platforms, people nowadays share opinions, critics, reviews, 
forum debates on social networks, which made sentiment analysis a domain of interest.
By using topic modeling, dominant themes of given texts from social media platforms, news articles, 
and purchase behavior can be detected

This Photo by Unknown Author is licensed under CC BY-NC This Photo by Unknown Author is licensed under CC BY-NC

Sentiments – Flu vaccine

The vaccine is available now 

I received the first vaccine. 
Thanks

It's been 7 days and my arm still 
hurts

Topics – Flu vaccine

Opinions and emotions around 
vaccines
Knowledge about vaccines
Vaccine administration

11
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System integration driven information extraction

A 12 years old female had a 
diarrhea from past 2 days.
Medication taken yesterday 
but no improvement 

Syntactic 
Analysis

Pattern 
Matching

UMLS 
MetaMap

Med7

Field                   Value

Gender
Age
Symptoms
Duration
Medication

Female
12
Diarrhea
2 days
“ ”

Recorded data

Electronic Health Record

Automating unstructured data to structure data. Reduce missing data in real world.

NLP tools/algorithms
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NLP as important step in using AI models (1/2)

AI model for clinical Predictive Analysis

EHR data Curated 
patient 
cohort

Data 
representation

Predictive 
algorithm

Treatment outcome 
prediction

Disease prediction

Healthcare 
outcome 

Prediction

Trying to predict any clinical events
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NLP as important step in using AI models (2/2)

AI model for clinical Descriptive Analysis

EHR data Curated 
datasets/ 

patient 
cohorts

Data 
representation

Descriptive 
analysis

Symptoms clustering and 
analysis

Healthcare Disparity

Data 
visualization

Social 
mediaPublic

ation

Topic 
modeling

This Photo by Unknown Author is licensed under CC BY-NC

Trying to discover pattern based on information we extracted. These patterns helpful for generating 
new clinical hypothesis
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Patient record interpretation

Diagnosis

Medication

Clinical notes

Arthritis

59 years old 
female 

experienced 
Worsening Of 

Peripheral
Joint after 9 
days from 
starting of 

trial drug and 
not removed 
till end of trial

indometh
acin and 
celecoxib

Nausea

45, male 
experience 

Nausea 
duration 2 

days after 22 
days of 

treatment 
start

Bismuth 
subsalicyl

ate

Chest Pain

Patient 
experienced 
Chest Pain 

And 
Shortness Of 
Breath after 
87 days of 
treatment 
start. Not 

recovered. 
Male, 72 yrs.

Nitrogly
cerine; 
Aspirin

07DEC2021 19FEB2022 29AUG2022 21SEP2022

Asthenia

38, Male, Loss 
Of Energy. 

Not 
recovered. 

141 days after 
treatment 

start

Cholinest
erase 
inhibitor

Interpreting chart reviews using 
attention mechanisms helps 
clinicians validate drugs and 
identify relevant features.

High attention weights highlight 
relevant features, making clinical 
decisions easier. 

Model can be improved based 
on clinical needs.
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Symptoms cluster graphs

• Symptom clusters are >=3 interrelated symptoms, 
aiding disease management, early detection, and 
reducing delays in interventions for patients and 
clinicians.

• Can be analyzed using t-tests to determine patient 
variables like age differences 

• Chi-squared tests to identify differences in 
categorical variables like gender, diabetes status, 
and cancer stage. 

• For instance, diabetes patients experience more 
numbness or tingling in figures, hands, or lower 
extremities, while stage III cancer patients 
experience memory loss.
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• NLP groups similar 
documents or 
sentences based on 
their content & 
meaning. 

• It facilitates efficient 
categorization and 
analysis of large 
volumes of 
information. 

Symptoms cluster graphs: case

•  Osteoarthrosis is linked to various diseases, including 
musculoskeletal system and connective tissue disorders, 
nervous system and sense organ diseases, is shown in Fig (c) 
Osteoarthrosis → Cataract was the most frequent statistically 
significant comorbidity found 

• A cluster relating to digestive system disorders, including 
cholelithiasis, pancreas diseases, and gastrointestinal 
hemorrhage, is shown in Fig. (d)
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Automate interpretation from images

• Saving time and decreasing 
the reading variability 
between laboratories and 
interpreters. 

• More efficient, saving time 
in the preliminarily 
classification of disease

Source: Deep Learning–based Assessment of Oncologic Outcomes from Natural Language Processing of Structured Radiology Reports
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Detect critical trends and patterns 

Extracting cause-effect entities from medical 
literature is an important task in medical 
information retrieval.

Causality between disease and symptoms between 
medications and side effects between genes and 
disease etc.

In medical literature cause and effect phrases in a 
sentence are not simply noun or noun phrases, 
rather they are complex phrases consisting of 
several word

Source: https://www.mdpi.com/2504-4990/4/2/21
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Summary

NLP models still has challenges to identify features that matches the knowledge of human expert, but 
these models can improve over time. 

To advancing medical research it’s high time that we need to invest more in advance NLP 
technologies.

Building NLP tools takes significant effort and cost

Limited understanding of technology and scarcity of skilled resources makes journey challenging

Identifying good use cases is challenging
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Quality of your natural language processing going to impact the quality of your analysis!

This Photo by Unknown Author is licensed under CC BY-NC-ND
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