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Japan Advanced Institute of Science and Technology

1. World level research 4.  Systematic education
2. Excellent faculties 5. Advanced laboratory facilities
3. Motivated students 6. Innovative administration

• Three graduate schools on information science (1992) materials science (1993) and
knowledge sciences (1998).

• Totally 309 faculty and adminitrative staffs (154 professors, 149 staffs),  1138 students
(807 master students, 331 PhD students).
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§ National Program for the Development of Mathematics 2010-2020
§ Ngo Bao Chau received Fields medal in 2010
§ VIASM established in 2012
§ Data Science Lab established in 2018
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Education

John Von Neumann Institute   
Excellence in Synergy



Project members and collaborators
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Outline

§ Brief of data science

§ The data-driven approach and electronic medical 
records (EMRs)

§ Our project on EMRs data analytics
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How does people collect data?

§ Observing, measuring, or collecting the values of features
(features, attributes, properties, variables) of the objects under 
consideration.

§ Two ways of collecting data

Randomly	
sampling	

Collecting	all	
available	data	

Conventional	statistics,	methods	were	
created	when	small	or	medium-sized	
data	sets	were	common.

Many	innovative	multivariate	
techniques	being	developed	to	solve	
large-scale	data	problems.
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Essence of statistics
population population

sample
data

variables

• Estimation

• Hypothesis testing

Statistical Inference
Probability 
distribution
of variables
(joint 
distribution)

parameters
statistic

• A parameter is a numerical feature of the population, such as mean, proportion, standard 
deviation.

• A statistic is a single measure of some feature of a sample. It is defined as a numerical-valued 
function of the sample data. It is used to infer the corresponding population parameter.

Probability 
distribution
of a statistic

Statistical inference is the ways of drawing conclusions about population parameters from an analysis of the 
sample data. 



Multivariate analysis 

§ Simultaneously analyze the relationship of multiple random 
variables 

§ Testing hypothesis by data in Confirmatory data analysis
(CDA) vs. producing hypotheses from data in Exploratory
data analysis (EDA) 

– Factor analysis, PCA, Linear discriminant analysis
– Regression analysis
– Cluster analysis

§ What we can see from conventional methods?
– Poor results on large and complex data 
– Traditional methods are suitable for analyzing small datasets. 
– Price of storage and data processing are quickly decreasing.
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Machine learning
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(Source:	Eric	Xing	lecture)

§ Mục đích của học máy là xây dựng các hệ máy 
tính có khả năng học tập như con người.

§ Given
o { 𝒙", 𝑦" }, 𝒙" is description of an object in  

some space, 𝑦" ∈ {C),C*,…,C+} or 𝑦" ∈ ℝ
is viewed as label of 𝒙", 𝑖 = 1, … ,𝑛.

o Examples: Set of electronic medical records.

• Find
o Function 𝑝 𝑦 𝒙)	for labeled data and 𝑝 𝒙

for unlabeled data.
o Diagnosis or treatment regimen for a patient.



Tự động khám phá, phát hiện các tri thức tiềm ẩn từ 
các tập dữ liệu lớn và đa dạng. 

Data mining metaphor:
Extracting ore from rock

Khai phá dữ liệu – Data Mining

Large and
unstructured
real-life data

Databases

Statistics

Machine Learning

KDD
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Dữ liệu kinh doanh

“Nhiều đàn ông trẻ tìm mua bia và bỉm trong siêu thị” 

Đang mùa World Cup, những ông bố trẻ mua bia và bỉm để cuối 
tuần vừa trông con vừa xem bóng đá.

Tìm ra quy luật từ dữ liệu kinh doanh

Dữ liệu kinh doanh

+

Phân tích Đàn ông 20-30 tuổi Bỉm           Bia

sắp xếp bia và bỉm gần nhau



Khoa học dữ liệu – Data science
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TRI THỨC
CỦA LĨNH VỰC

KHOA HỌC
MÁY TÍNH

TOÁN &
THỐNG KÊ

DATA 
SCIENCE

XỬ	LÝ	
DỮ	LIỆU

NGHIÊN	CỨU
THỐNG	KÊ

HỌC	MÁY

“In God we trust. 
All others bring 

data”.
“Ta tin Thượng đế. 

Ngoài ra, là dữ
liệu”.

W.E. Deming

Kết hợp của Toán học và Tin học là cốt lõi của khoa học dữ liệu

Khoa học về phân tích dữ liệu

“We cannot solve problems 
by using the same kind of 

thinking we used when we 
created them”

Ta không thể giải quyết các 
vấn đề với chính cách nghĩ ta 

đã dùng khi đặt vấn đề
Albert Einstein



Một lược đồ của khoa học dữ liệu
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Doanh nghiệp, Bộ ngành, Địa phương... Cảm biến Di dộng Web …….

XÂY DỰNG

QUẢN TRỊ

PHÂN TÍCH

Semi-structured/un-structure data extraction             …….

Các	hệ	
phân	tán

Tính	toán	
song	song

CSDL
Làm sạch dữ liệu

An toàn dữ liệu

…….

HỌC MÁY & 
KHAI PHÁ DỮ LIỆUTHỐNG KÊ

Trình duyệt Thiết bị di động Hỗ trợ khách hàng

HIỂN THỊ Tag cloud Clustergram Spatial information flowHistory flow

Dịch vụ 
Web Cơ sở tri thức MQ, JMS, Sockers

TRỰC TIẾP ĐẾN CON NGƯỜI TRỰC TIẾP ĐẾN MÁY MÓC

NGUỒN DỮ LIỆU

QUẢN	TRỊ	
DỮ	LIỆU

PHÂN	TÍCH
DỮ	LIỆU

TRUY NHẬP

CHUYỂN KẾT QUẢ

SỬ	DỤNG
KẾT	QUẢ

Source:	WAMDM,	Web	group



Statistics and Machine learning

Statistics
• Formal statistical inference 

• Models for small size problems
and mostly with numerical data.

• Changing culture and adapt to 
computational power. 

• Trend to move to machine 
learning. 

Machine learning
• Prediction problems in 

high dimensionality and 
with symbolic data.                                                                                                                            

• In early days with 
heuristics algorithms.

• Tend to statistical models 
underlying the algorithms. 
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Khoa học dữ liệu: Quyết định & Hành động
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Data science is the essential tool for using data



Outline

§ Brief of data science

§ The data-driven approach and electronic medical 
records (EMRs)

§ Our project on EMRs data analytics
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“Fundamental theorem” 
on using computers in medicine

Charles P. Friedman. J Am Med Inform Assoc. 2009;16:169 –170.
18



An expert system is a computer program 
that behaves like an expert in some narrow 
area of expertise, using expert knowledge.

Expert systems in medicine
the deduction approach

MYCIN (Shortliffe, Feigenbaum, 1979): Infection Diagnosis. 
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IF       1.  the infection is primary bacteremia, and
2.  the site of the culture is one of the sterile sites, and
3.  the suspected portal of entry of the organism is the gastro intestinal tract

THEN there is suggestive evidence (0.7) that the identity of the organism is bacteroides.

Expert 
Knowledge

Knowledge 
acquisition



EMRs in medicine
the induction approach

Expert
Knowledge

General	rules
or	Principles

Specific
Cases

Deduction

Knowledge 
acquisition



EMRs in medicine
the induction approach

EMRs throughput

General	rules
or	Principles

Specific
Cases

Deduction

Expert
Knowledge

Expert
Knowledge

Knowledge 
acquisition



EMRs in medicine
the induction approach (data-driven approach)

EMRsthroughput

General	rules
or	Principles

Specific
Cases

Deduction

Induction

Digitalization

Expert
Knowledge

Expert
Knowledge

Knowledge 
acquisition
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EMR, EHR, and PHR?
§ EMR - electronic medical records –

created, gathered, managed, and consulted by 
authorized clinicians and staff within one 
health care organization. 

§ EHR - electronic health records -
conforms to nationally recognized 
interoperability standards and that can be 
created, managed, and consulted by authorized 
clinicians and staff across more than one 
health care organization. 

§ PHR - personal health records - conforms 
to nationally recognized interoperability 
standards and that can be drawn from multiple 
sources while being managed, shared, and 
controlled by the individual. 

Yasuo Ishigure,	Trends,	Standardization,	and	Interoperability	of	Healthcare	 Information,	NTT	Technical	Review	2017



EMR: implementation & exploitation

24



EMR and paradigm shift in medicine
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EMRs around the world

EMR implementation has been well      
done in developed countries, and now   
the beginning of EMRs exploitation.        
The EMRs implementation has started       
in some developing countries.

Estimated Hospital-based EMR Adoption Rate Projections by Country



Percentage of primary care physicians in 
selected countries using EMR in 2015

27
https://www.statista.com/statistics/236985/use-of-electronic-medical-records/



Tradition medical records vs. Electronic 
medical records
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Tradition medical records vs. Electronic 
medical records

29

Mostly	
individually	
used	for	
single	
patient.
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Can	simultaneoulsly	 analyze	
EMRs	of	many	patients.

Tradition medical records vs. Electronic 
medical records
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Tradition medical records vs. Electronic 
medical records



Two kinds of data in EMRs
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CLINICAL DATA (clinical text)      PARA-CLINICAL DATA (numbers)

X-ray,	CT	scan,	MRI,	…	in	PACS

Lab	examination	(blood,	cardiogram…)



Two kinds of data in EMRs

33

CLINICAL DATA (clinical text)      PARA-CLINICAL DATA (numbers)

X-ray,	CT	scan,	MRI,	…	in	PACS

Lab	examination	(blood,	cardiogram…)

Heterogeneous and longitudinal



Public EMR database MIMIC II & III
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§ Shared EMR database for research (more than 50 thousand 
de-identified EMRs)

§ MIMIC II (2001-2008), MIMIC III (2009-2012)

https://mimic.physionet.org/



Some pieces from an EMR in MIMIC
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ICUSTAY

ICD_DISGNOSIS	AGE

DEMOGRAPHIC EVENTS DATA

MEDEVENTS DATA

MEDURATIONS DATA

POE-MED DATA

POR-ORDER DATA

NOTEEVENTS DATA

CHARTDURATION DATA



EMR is the core of 
the e-health paradigm shift 

36

EMR

Improving safety 
by preventing 
incidents

Providing real data 
for pragmatic 
clinical trials in 
clinical research.     

Improving the 
quality and 

efficiency of 
hospital jobs

Improving security 
in relation to the 

personal information 
protection

EMR Data Analytics



Example: IBM Watson health

37IBM	Watson’s	Next	Step:	Health,	2017	



Research for EMR exploitation
§ I2B2 Challenges (English) 

(Informatics for Integrating Biology and the Bedside )

- 2006: De-identification and Smoking 
- 2008: Obesity
- …
- 2011: Co-reference Challenge 
- 2012: Temporal Relations Challenge
- 2014: De-identification & risk factors for heart disease
- 2015: Temporal Relations Challenge
- 2016: Patient severity for a disease

https://www.i2b2.org

§ NTCIR Challenges (日本語)
- 2013: De-identification
- 2014: Recognize disease complaints and diagnosis,  

and links to ICD-10.
- 2015: Disease recognition from ICD codes
- 2016: Temporal Relations Challenge

Rates	of	Japanese	hospitals	with	EMRs	(2011)

MIMIC	
EMR	open	access	DB

Pittsburgh	Univ.	DB				
of	clinical	reports

http://research.nii.ac.jp/ntcir/publication1-en.html



Research for EMR exploitation
Journal of Machine Learning Research



Outline

§ Brief of data science

§ The data-driven approach and electronic medical 
records (EMRs)

§ Our project on EMRs data analytics
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Phase	1
EMR	Transformation

EMR	de-identificationEMR	Cleansing EMR		Computable	Forms

Phase	2
EMR	Utilization

EMR-based	diagnosis	support
EMR-based	study	on	

the	drug-disease	relationship

Electronic	Medical	Records

Various	ways	of	using								
EMR	computable	forms	

Project: Core 
technologies for 
exploiting EMRs

§ Developed countries have 
established EMR implementation 
and going to EMR exploitation.
Developing countries are mostly 
in the EMR enfancy 
(implemention phase).

§ Build the core technologies        
for EMRs in Vietnamese.

§ Do some pilot research.



Project tasks
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(1)	Implementation	tools	

(3)	Secondary	EMR	DB

(2)	Vietnamese	
Universal	Medical	
Language	System

(V-UMLS)
(5)	Diagnosis	and	
treatment	support

(6)	Drug	safety	and	
effectiveness

(4)	Insurance	and	
hospital	cost

EMR	implementation Resource	and	tools EMR	exploitation



EMR implementation: speech technology

§ More than 2/3 among ~600000 physicians in the US are using 
speech recognition for EMR data entering (speech up 3 times).

§ We are successfully used voice technologies for EMRs 
implementation in Vietnamese. 
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Secondary databases of EMRs

44

Extract and transform 
data into the secondary 

EMR DB

Analyze and 
exploit EMR in the 
secondary DB

Hospital	 Information	Systems

1

2
3

− Identify data to be 
extracted from the 

original EMRs. 

− Build the data 
scheme for the 
secondary DB.

− Create tools to 
transform EMRs to 

secondary DB.

− Algorithms of     
de-identification



V-UMLS vs. UMLS 
(Unified Medical Language System)

45

Semantic
Network                              

135 broad 
categories and

54 
relationships
between them 

Metathesaurus

1 million+
biomedical 

concepts from 
over 100 sources

SPECIALIST 
Lexicon +Tools

lexical information 
and programs for 

language 
processing

§ V-Thesaurus: The concept in V-Thesaurus is mapped into 
semantic classes and the relationship between them.

§ V-MetaMap: Medical text analysis tools and mapping of phrases 
into conceptual classes in V-Thesaurus.

UMLS (1984-)

V-UMLS (2014-)
used for analyzing 

clinical text in 
Vietnamese



UMLS: 3 components

§ SPECIALIST Lexicon
– 200,000 lexical items
– Part of speech and variant information

§ Metathesaurus
– 5M names from over 100 terminologies
– 1M concepts
– 16M relations

§ Semantic Network
– 135 high-level categories
– 7000 relations among them

Lexical
resources

Ontological
resources

Terminological
resources



UMLS  Characteristics

§ Number of
– Concepts: 1.5M (2008AA)
– Terms: ~6M

§ Major organizing principles (Metathesaurus):
– Concept orientation
– Source transparency
– Multi-lingual through translation

§ Formalism: Proprietary format (RRF)



UMLS  Integrating subdomains

Biomedical
literature

MeSH

Genome
annotations

GOModel
organisms

NCBI
Taxonomy

Genetic
knowledge bases

OMIM

Clinical
repositories

SNOMED CTOther
subdomains

…

Anatomy

FMA

UMLS
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EMR clinical text

52

A	58-year-old	women	presented	 to	her	primary	care	physician	after	several	
days	of	dizziness,	anorexia,	dry	mouth,	increased	 thirst,	and	frequent	
urination.	She	reported	no	pain	in	her	abdomen,	back,	or	flank	and	no	
cough,	shortness	of	breath,	diarrhea,	or	dysuria.	Her	history	was	notable	for	
cutaneous	lupus,	hyperlipidemia,	osteoporosis,	 frequent	urinary	tract	
infections,	 three	uncomplicated	cesarean	sections,	a	left	oophorectomy	for	
a	benign	cyst,	and	primary	hypothyroidism,	which	has	been	diagnosed	a	
year	earlier.	Her	medications	were	levothyroxine,	hydroxychloroquine,	
pravastatin,	and	alendronate.	She	had	a	20-pack-year	of	smoking	but	had	
quit	3	weeks	before	presentation.



EMR clinical text: named entity recognition

53

SymptomsModifiers Diseases TemporalMedications

A 58-year-old women presented to her primary care physician after 
several days of dizziness, anorexia, dry mouth, increased thirst, and 
frequent urination. She reported no pain in her abdomen, back, or flank 
and no cough, shortness of breath, diarrhea, or dysuria. Her history was 
notable for cutaneous lupus, hyperlipidemia, osteoporosis, frequent 
urinary tract infections, three uncomplicated cesarean sections, a left 
oophorectomy for a benign cyst, and primary hypothyroidism, which has 
been diagnosed a year earlier. Her medications were levothyroxine, 
hydroxychloroquine, pravastatin, and alendronate. She had a 20-pack-
year of smoking but had quit 3 weeks before presentation.



Sentiment analysis for clinical text
§ Purpose: To evaluate treatment outcomes or 

judge the impact of a medical condition on 
patients.

§ Methodology: Determining the information of 
patient’s health status noted in clinical text to be 
positive or negative

§ Challenges
1. Less sentiment words
2. Implicit sentiments: implicit description of health 

status, critical symptoms
3. Negation diversity
4. Short text

54

Denecke,	Kerstin,	and	Yihan Deng.	Sentiment	analysis	 in	medical	settings:	 New	
opportunities	and	challenges. Artificial	intelligence	in	medicine 64.1,	17-27,	2015.



Problems
• Polarity	classification

• Aspect-based	classification

55

Sentence in	clinical	note Sentiment	 label
There has	significant	 improvement	in	pleural	effusion. Positive
There	is	moderate cardiomegaly. Negative

Sentence in	clinical	note Sentiment	 label

There has	significant	 improvement	in	pleural	effusion. Positive

There	is	moderate cardiomegaly. Negative
Aspect:	Heart

Aspect:	Lung

Dang,	Tran-Thai,	and	Tu-Bao Ho.	"Mixture	of	Language	Models	Utilization	in	Score-Based	
Sentiment	Classification	on	Clinical	Narratives." IEA-AIE	2016.

Sentiment analysis for clinical text

Challenges: Negation diversity, shortness of text



Two problems under investigation

§ Construction of 
contingency tables 
from EMRs for 
evaluating the 
effectiveness of drug 
utilization.

§ Detection and 
prediction of adverse 
drug reaction when 
using multiple drugs.

§ Recommendation of 
treatment regimens 
for patients based on 
the past treatment 
data from EMRs.

56

Case	study
Treatment	1 Treatment	2

Effective level 1 n11 n12
Effective level 2 n21 n22
Effective level 3 n31 n32



Drug utilization research

The principal aim of drug utilization 
research is to assess whether drug 
therapy is rational or not. 

57

PHARMACO-
EPIDEMIOLOGY

DRUG	
UTILIZATION
RESEARCH

HEALTH
SERVICES
RESEARCH

WHO. Introduction to Drug Utilization Research. 2003. 



Post-market surveillance of drug  

58

SAFETY              DOSE, DOSE FORM         EFFICACY, ADR           EFFECTIVENESS

Marketing																																										
authorization

Phased	clinical	trials	
(confirmation	of	efficacy	and	safety) Marketing

Clinical
study

Marketing
Authorization
or	Revocation																																										

Clinical	trials	
(likely	to	predict

efficacy,	
confirming	safety)

Clinical
study

Marketing																																																
(Further	confirmation						

of										of	efficacy	&	safety)

Conditional
/term-limited
authorization

Marketing
continuous

Post-marketing	safety	measures	must	be	taken,	
including	prior	informed	consent	of	risk	to	patients

Traditional	approval	process

New	scheme	for	regenerative	product



Drug safety and effectiveness

59
Ho, T.B., Le, L., Dang, T.T., Siriwon, T. Data-driven Approach to Detect and Predict Adverse Drug 
Reactions, Current Pharmaceutical Design Journal, Vol. 22, No. 23, 3498-3526, 2016.

§ Support for presciption: over or under dose, 
precision, risk, targeted drugs, replacement drugs...

§ Detection and prediction of adverse drug 
reaction

§ Pragmatic evaluation of drug utilization 
effectiveness, relation between treatment  
factors and patient groups: drug groups, dose,  
time, utilization methods...

§ EMRs are golden data to understand drug 
utilization in the post-marketing.



Methods for drug utilization research

Descriptive (qualitative) methods

60

Analytical	(quantitative)	methods

M. Elseviers et al. (Eds.). Drug Utilization Research: Methods and Applications, 2016. 



Methods for drug utilization research

Descriptive (qualitative) methods

61

Identifying	patterns	or	trends	in	drug	
utilization

• Case	Reports
present	drug	consumption	in	a	
single	patient	or	the	prescribing	
pattern	at	an	individual	clinic.	

• Cross-sectional	 Study
describe	 the	utilization	of	drugs	in	a	
given	population	at	a	given	point	in	
time.	

• Longitudinal	 Observational	Study
involve	repeated	observations	of	
the	same	variables	over	time.	

M. Elseviers et al. (Eds.). Drug Utilization Research: Methods and Applications, 2016. 



Methods for drug utilization research

62

Analytical	(quantitative)	methodsDeeper understanding of the 
explanatory factors behind utilization 
patterns or the effectiveness or safety 
of medication use. 

§ Case-Control Study
On having the outcome of interest 
or not. Previous exposure of 
interest be compared 
retrospectively between those with 
and without the study outcome. 

§ Cohort Study
Exposed and non-exposed subjects 
are followed over a period of time 
to investigate the exposure effects. 

M. Elseviers et al. (Eds.). Drug Utilization Research: Methods and Applications, 2016. 



Efficacy vs. effectiveness

§ Efficacy is the capacity to produce an 
effect. In medicine, it is the ability of 
an intervention or drug to produce a 
desired effect. It is tested by 
explanatory clinical trials under ideal 
and controlled circumstances. 

§ Effectiveness is the capability of 
producing a desired result. In 
medicine effectiveness relates to how 
well a treatment works in practice. It 
is tested by pragmatic clinical trials.

63
Ian Ford, Pragmatic trials, The New England Journal of Medicine, 454-463, 2016.



PICOT comparison of ECT and PCT

64

Explanatory clinical trials 
(ECT) 

Pragmatic clinical trials   
(PCT) 

Population Homogeneous patients Real-life patients 

Intervention Tightly defined intervention Flexible intervention with changes 

Comparison Clearly defined control group and 
often placebo 

Active comparator instead of 
placebo 

Outcome Objective/surrogate outcomes Clinically important outcomes 

Time Short-term follow-up time, e.g.,       
6 weeks 

Long-term follow-up time, e.g.,          
6 months 

Pragmatic clinical research is much more significant and 
needed than explanatory clinical trial but it is very difficult to 
carry out as requiring real world conditions.

J.P.	A.	Ioannidis.	Why	most	clinical	research	is	not	useful.	PLOS	Medicine,	2016	



Designs for drug utilization research

§ Data on drug use has to 
be collected and 
analyzed by statistical 
methods. 

§ Typically, categorical 
data is often collected, 
represented in 
contingency tables 
(cross tables) and 
analyzed by two 
methods of Fisher’s 
exact test (for the 
2x2 contingency tables) 
and RxC chi-square test 

65
M. Elseviers et al. (Eds.). Drug Utilization Research: Methods and Applications, 2016. 



PICOT comparison of ECT and PCT
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Explanatory clinical trials 
(ECT) 

Pragmatic clinical trials   
(PCT) 

Population Homogeneous patients Real-life patients 

Intervention Tightly defined intervention Flexible intervention with changes 

Comparison Clearly defined control group and 
often placebo 

Active comparator instead of 
placebo 

Outcome Objective/surrogate outcomes Clinically important outcomes 

Time Short-term follow-up time, e.g., 6 
weeks 

Long-term follow-up time, e.g., 6 
months 

J.P.	A.	Ioannidis.	Why	most	clinical	research	is	not	useful.	PLOS	Medicine,	2016	

In	the	force	of	pragmatism in	clinical	research,	an	emerging	approach	
is	electronic	medical	records	pragmatic	clinical	research	(EMRPCT).



The framework

67

Original	EMRs

Secondary EMR DB

Cleaning	&	
De-identification	 Evaluating the 

comments       
(opinion mining)

Contingency	tablesDrug	associations

Patient groups

For	each	comment	of	a	patient

§ Compute	the	ratio	 6
7

68

§ Do	regression	on	the	chain	 6
7

68

§ Find	the	trend	coefficient	to	
classify	drug	effectiveness	into	
outcomes



Clinical note evaluation

68

§ Bases on sentiment classification algorithm 

- Phrases containing adjectives or adverbs which are good indicators of subjectivity 
and opinions are extracted if they conform some prior patterns. 

- The semantic orientation of extracted phrases is estimated using pointwise mutual 
information, which is defined as 

𝑃𝑀𝐼 𝑡𝑒𝑟𝑚), 𝑡𝑒𝑟𝑚* =
𝑙𝑜𝑔*(𝑃(𝑡𝑒𝑟𝑚) ∧ 𝑡𝑒𝑟𝑚*)
𝑃 𝑡𝑒𝑟𝑚) 𝑃(𝑡𝑒𝑟𝑚*)

- The semantic orientation (SO) of a phrase:

SO(phrase) = PMI( phrase, positive terms) −PMI (phrase, negative terms)

- Given a comment, the algorithm computes the average SO of all phrases in that 
comment and classify it as positive or negative meaning. 

§ Adapt the sentiment classification algorithm for Vietnamese
§ Build prior patterns by looking through a part of EMRs 



EMRPCT for drug effectiveness study

Disease	and	number	of	patients
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Data: EMRs from Van Don hospital 
from 3.2013-21.2016. Extracted 10 
most popular diseases

Objectives: To automatically extract 
contingency tables from EMRs on the effect 
of drug groups on patient groups
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ICD Disease Frequenc
y

I10 Primary hypertension 690

K30 Degestive disorders 589

I99.1 Cerebral circulation disorder 435

J20 Acute bronchitis 354

H81 Vestibular dysfucntion 317

J18.0 Bronchopneumonia,	unspecified 235

K29.1 Acute gastritis 233

B34 Virus	infection	in	unknown	location 164

N39.0 Urinary	tract	infections 152

T78.4 Allergy	undetermined 148

Ho T.B., Hoang K.H., Dang T.T., Drug	utilization	research	with	pragmatic	clinical	trials	using	electronic	medical	records	(to	appear)



Drug used for hypertention patients

70Ho T.B., Hoang K.H., Dang T.T., Drug	utilization	research	with	pragmatic	clinical	trials	using	electronic	medical	records	(to	appear)



Hypertension drug effectiveness
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Coversy
l 5mg

Amidile G 
(Amlodipin 5mg)

Less effective (0, 0.01) 2 14

Effective (0.01, 0.55) 9 50

Strong Effective (0.55,	1) 2 1

§ Compare Coversyl 5mg vs 
Amidile G(Amlodipin 5mg) 
using EMRs of hypertension 
patients who took only 
those drugs for the study.

§ With d.f. = 2, the tabulet 
upper 5% point of 𝜒* is 5.99,  
the null hypothesis is not 
rejected.

§ No difference in the patients 
treated by Coversyl 5mg and 
Amidile G (Amlodipin 5mg).

Ho T.B., Hoang K.H., Dang T.T., Drug	utilization	research	with	pragmatic	clinical	trials	using	electronic	medical	records,	PAKDD	2018



Hypertension drug effectiveness
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Lodimax 
5mg

Amidile G 
(Amlodipin 5mg)

Less effective (0, 0.01) 2 14

Effective (0.01, 0.55) 20 50

Strong Effective (0.55,	1) 2 1

§ Compare Lodimax 5mg vs 
Amidile G (Amlodipin 5mg) 
using EMRs of hypertension 
patients who took only those 
drugs for the study.

§ With d.f. = 2, the tabulet 
upper 5% point of 𝜒* is 5.99,  
the null hypothesis is not 
rejected.

§ No difference in the 
proportion of patients treated 
by Lodimax 5mg and Amidile 
G (Amlodipin 5mg)

Ho T.B., Hoang K.H., Dang T.T., Drug	utilization	research	with	pragmatic	clinical	trials	using	electronic	medical	records	



Acute bronchitis drug effectiveness

73Ho T.B., Hoang K.H., Dang T.T., Drug	utilization	research	with	pragmatic	clinical	trials	using	electronic	medical	records	(to	appear)

Acetyl	cystein	-
(ESOMEZ	200mg)

Acetyl	cystein	
(Andomuc	200mg)

Less effective (0, 0.01) 7 7

Effective (0.01, 0.55) 20 26

Strong Effective (0.55,	1) 1 2

§ Compare ESOMEZ 200mg 
and Andomuc 200mg using 
EMRs of hypertension 
patients who took only 
those drugs for the study.

§ With d.f. = 2, the tabulet 
upper 5% point of 𝜒* is 5.99,  
the null hypothesis is not 
rejected.

§ No difference in the patients 
treated by ESOMEZ 200mg 
and Andomuc 200mg. 



Drug used for acute bronchitis
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Hypertension drug effectiveness
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Lodimax 
5mg

Amidile G 
(Amlodipin 5mg)

Less effective (0, 0.01) 2 14

Effective (0.01, 0.55) 20 50

Strong Effective (0.55,	1) 2 1

§ Compare Lodimax 5mg vs 
Amidile G(Amlodipin 5mg) 
using EMRs of hypertension 
patients who took only those 
drugs for the study.

§ With d.f. = 2, the tabulet upper 
5% point of 𝜒* is 5.99,  the null 
hypothesis is not rejected.

§ No difference in the 
proportion of patients treated 
by Clodimax 5mg and Amidile 
G (Amlodipin 5mg)
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NỘI DUNG 5: Xây dựng công cụ phân tích quan hệ
bệnh-thuốc

Chỉ tiêu đánh giá
Các phương pháp và bước đầu nghiên cứu quan hệ giữa bệnh và thuốc từ BAĐT:
§ Tạo bảng tần suất từ BAĐT về hiệu quả dùng các loại thuốc.
§ Phân tích ý kiến trong BAĐT về đánh giá hiệu qủa dùng thuốc.
§ Phát hiện hiệu ứng phụ của thuốc.
§ Tìm khả năng sử dụng mới của thuốc đã có. 
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NỘI DUNG 5: Xây dựng công cụ phân tích quan hệ
bệnh-thuốc

Ho T.B., Hoang K.H., Dang T.T., Drug utilization research with pragmatic clinical trials using 
electronic medical records (under preparation)

5.1 Tạo bảng tần xuất về hiệu quả dùng thuốc từ BAĐT

Coversy
l 5mg

Amidile G 
(Amlodipin 5mg)

Less effective (0, 0.01) 2 14

Effective (0.01, 0.55) 9 50

Strong Effective (0.55,	1) 2 1

Efficacy																											Effectiveness

Mở ra một hướng nghiên cứu mới về nghiên 
cứu lâm sàng thực chứng: electronic medical 
records pragmatic clinical research (EMRPCT)
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NỘI DUNG 5: Xây dựng công cụ phân tích quan hệ
bệnh-thuốc

• Dang, Tran-Thai, and Tu-Bao Ho. "Mixture of Language Models Utilization in Score-Based Sentiment 
Classification on Clinical Narratives." IEA-AIE 2016.

• ĐặngTrần Thái, Mixture of language models utilization in score-based sentiment classification on 
clinical narratives. Master Thesis

5.2 Phân tích ý kiến trong đánh giá hiệu quả dùng thuốc từ BAĐT

Method 𝑷 (%) 𝑹(%
)

𝑭(%
)

𝑹𝒏𝒆𝒘
(%)

Reverb 53.19 5.12 9.35 2.38

PMI	without	
constraints

49.45 73.1
6

59.0
1

74.6

PMI	+ Constraint	1	() 54.27 46.9
3

50.3
3

45.24

PMI	+ Constraint	2	() 51.05 64.9
5

57.1
7

67.85

PMI	+ Constraint	3	
(K=40)

52.26 56.9
7

54.5
1

59.92

Sentence in	clinical	note Sentiment	
label

There has	significant	
improvement	in	pleural	
effusion.

Positive

There	is	moderate
cardiomegaly.

Negative
Aspect
:	Heart

Aspect:	
Lung

Phần lớn các văn bản lâm 
sàng là ý kiến của bác sĩ và 
điều dưỡng về bệnh nhân
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NỘI DUNG 5: Xây dựng công cụ phân tích quan hệ
bệnh-thuốc

Pham D., Le B.K., L. Ly, Ho T.B., System pharmacology: 
application of network theory in predicting potential 
adverse drug reaction based on gene expression data, 
IEEE Inter. Conf. RIVF 2016, November 7-9, 2016.

5.3 Phát hiện hiệu ứng phụ của thuốc

Hệ	thống	mạng	kết	nối
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NỘI DUNG 5: Xây dựng công cụ phân tích quan hệ
bệnh-thuốc

• Ho T.B., L. Ly, Dang T.T., S. Taewijit. Data-driven Approach to Detect and Predict Adverse Drug Reactions, Current 
Pharmaceutical Design Journal, Vol. 22, No. 23 (May 2016), 3498-3526 (SCI).

• Dang T.T., Ho T.B., Sequence-Based Measure for Assessing Drug-Side Effect Causal Relation from Electronic Medical 
Records, Inter. Symp. on Knowledge and Systems Sciences (KSS), Nov 2017.

5.3 Phát hiện hiệu ứng phụ của thuốc từ BAĐT
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• Dang, T.T., Ouankhamchan, P., Ho, T.B., Detection of New Drug Indications from Electronic Medical Records, IEEE 
Inter. Conf. RIVF 2016, November 7-9, 2016.

• Luận văn thạc sĩ của P. Ouankhamchan.

ĐỀXUẤTQUÁTRÌNH TÌMHIỆUỨNGMỚI CỦATHUỐC ĐỀXUẤTLƯỢCĐỒGIẢI HAIBÀI TOÁNCỦANHIỆMVỤ 1

5.4 Tìm khả năng sử dụng mới của thuốc đã có

NỘI DUNG 5: Xây dựng công cụ phân tích quan hệ
bệnh-thuốc



Two problems under investigation

§ Construction of 
contingency tables from 
EMRs for evaluating the 
effectiveness of drug 
utilization.

§ Detection and prediction 
of adverse drug reaction 
when using multiple drugs

§ Recommendation 
of treatment 
regimens for 
patients based on 
the past 
treatment data 
from EMRs

82



Support for diagnosis and treatment
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§ Support for 
interpreting lab 
examination data 
(anomaly, 
disorders...

§ Compare and 
visualize the     
index relations        
in treatement

§ Suveillance of the 
treatment process

§ etc.

LIS

RIS

§ Compare and 
evaluate 
treatment 
regiments

§ Finding 
appropriate 
treatment 
regiments

§ Finding similar 
patients for 
rare and 
difficult cases

§ etc.
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EMR	with	many	data	types

Encoding	each	
data	type

Fit	them	into	
Restricted	
Boltzmann	
Machine

Output	EMRs	
as	hidden	

binary	vectorsDivide	patients	
into	similar	
groups

Learn	
treatment	
regimen	for	
each	group

Use	group	
regimen	to	
recommend	
the	patient

Learning treatment regimens
Method



Learning treatment regimens
Heterogeneous data

§ Disease: coronary artery with no shared commoribity score 
§ Number of patients : 707 
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Numerical	data

Prescirption	table

Text	data



1652 mixed type features: 1477 binary &155 numerical features 
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Learning treatment regimens
Encoding vector & mixed-variate RBM

Fit	preprocessed	data	to	mixed-variate	RBM:	hidden	nodes:	200,	#	iterations:	10000	



Học phác đồ điều trị
Clustering & Learning treatment regimes 
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Heterogenous objects fitted into a mixed-variate Restricted Boltzmann 
Machines to output a homogenous latent representation, upon which 
clustering is performed to learn action protocol for recommendation

Hoang H., Ho T.B., PAKDD 2018.
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Học phác đồ điều trị
Recommend treatment regimen 

Hoang Khanh Hung and Tu Bao Ho, submitted 

The	ensemble	recommendation	
framework	achieves	better	
performance	in	comparison



Take home message

§ Electronic medical records is playing a paradigm 
shift in healthcare and medical research: e-health 
with data-driven care and research.

§ Open new chances to learn treatment regimens.

§ Besides genomic data, EMRs is a golden resource 
for post-market drug study.

§ Processing both clinical data and para clinical data 
from EMRs will lead to big change in healthcare 
and medical research.
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Thank you


