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About Clinical Trials

= prospective research studies on human participants

= designed to answer questions about biomedical or behavioral
Interventions, including treatment, diagnosis, and prevention
of diseases or conditions.

= evaluate the safety and efficacy.
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THE DRUG DEVELOPMENT PROCESS

DRUG Researchers find compounds that may treat
DISCOVERY a certain disease or condition.

PRE- Animal and lab studies are conducted to test for
CLINICAL toxicity and effectiveness in treating a certain
DEVELOPMENT  disease or condition,

Researchers apply to conduct human studies and obtain FDA approval. This
Is called an Investigational New Drug (IND) Application. The FDA then works
with researchers on clinicat trial design throughout the clinical trial phases

PHASE 0: Tests a very small amount of a drug in healthy
individuals to assess safety

PHASE 1: Tests a drug In small numbers
of healthy individuals for safety
CLINICAL

TRIALS
PHASE 2: Tests a drug In a small number of participants
with a certain disease or condition for effectiveness
and continuad safety

PHASE 3: Tests the effectiveness and continued safety of
the drug in a much larger number of people with a certain
disease or condition

Researchers submit a New Drug Application (NDA) to the FDA for approval.

The FOA makes its decision based on the safety and
efficacy data from ALL the animal and human studies
that were conducted and reviews the drug labels and the
manufacturing facilities where the drug will be made

FDA APPROVAL

POST- PHASE 4: After a drug has been approved and is being used

in the real world. phase 4 studies monitor for any additional
side effects and continued safety and effectiveness

MARKETING

10,000's of

Potential Drugs

250

Potential Drugs

Potential Drugs

APPROVED
DRUG

>

Alzhetmer's  1ho Power

Ch.r“cal Trlal S Thore are throe main phases of clinical triats Rmch :3-5?.—’332

Vg bealivy peupw
Siniah grrasy wam
bt 80)
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LAALARAA AR
pretteRRe e

Licensing

Treatment
licensed, and
Bonelis weighed
up by NCE
apwnst costs and
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the NHS

afective in paticens

Over langer puriodn Phase IV
Gver many Teats over longer
witerent cauntrius perods of tee,
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The Difficulties

Average Per-Patient Clinical Trial Costs, by Phase, 2013

= Costly:

Phase | $38,500
| PHASE 11l ONCOLOGY STUDIES
Phase Il $40,000 75,
EARLY PHASE TRIALS $120.000
Phase Il $42,000 e
Average, All Phases $36,500
$0 $20,000 $40,000 $60,000

By Tufts Center, the estimated average cost of developing
a new medicine was $2.6 billion + $312 million.

. . Clinical Trials
= Time-consuming:
1Year 20-100 Pecple 100 - 300 People 1000- 3,000 Peaple 1-2 Years
1-2 Years 1-2Years 2-3Years

Phase 2 Phase 3
MS fiet ! Efficacy Efficacy
Salety Safety

6 -10 years on average for oncology studies

WHY ARE
CLINICAL TRIALS SO

EXPENSIVE?

$ 2 ° 6 B
iy
36,500 ;
’ X ’ 4
TRIAL COST BY INDICATION WHAT COSTS THE MOST?
in § millions (3) within a clinical trial

S

1aft & Admin

ESOURCE & CTMS IS NEW TECH THAT CAN
ALLEVIATE CLINICAL TRIAL COSTS IN:

Staff & Sourc 8 Site Patlent (PT)
Admin Verifice S Moaonitoring Recruiting

ESOURCE

clinical ¥ o
L}

oawethi o v ene shaase & CTME



The Difficulties

= Complex procedure:

Complexity Indicator 2000-03 2008-11

Median Clinical Trial Treatment Period 140 days 175 days 25%
Median Clinical Trial Site “Work Burden” 28.9 units 47.5 units 64%
Number of Eligibility Criteria _— I o
(increases recruiting costs) Sicritenia o 8%
Number of Case Report Form Pages per Protocol 55 pages 171 pages 227%
Number of Procedures per Trial Protocol 105.9 166.6 57%

= Hard to recruit Clinical trial recruitment

challenges

Upto $8 million in

Number of Estimated
Disease Area Active Clinical Total U.S.

Trials Enroliment
Cardiovascular/Circulatory 191,336

Central Nervous System/Brain/Pain 525 107,321 revenue is lost for
o9y 180 15.454 11% of research sites Mﬁy—:’:: szg ls
Infectious 513 210,466 fail to enroll a single o
Metabolic/Diabetes/Nutrition 352 78,485 9 cutof 10 ricle patient
OHCO'Ogy 2,560 215,176 require the original
Respiratory 208 87,498 Approximately 80% timeline to be doubled
Other 1,500 242 604 of clinical trials are in order fo meet
Total 6,199 1,148,340 deloyed or closed enrollment goals
because of problems
Estimated Number of Industry-Sponsored Clinical Trials and Trial Participants with recruitment




Expensive
Time-consuming

Unfortunately

Most clinical trials failed



Clinical Trials: The Imprtance of The 4 Phases

Success Rates by Phase

from Phase | from Phase Il from Phase lll from Submission
to Phase Il to Phase llI to Phase IV to Approval
(submission to FDA¥) (going on the market)

19% - Overall Success Rate from Phase | to FDA Submission

FLLA b s
f:»:f:a_f:a:f:»:




Eligibility Criteria: Ce

Recruitment Target
Characteristics

understand

10
p
A)'J

Query Analyst

Clinical Research
Investigator

S

author participat
perceive screen
—

V.
1

Patient
Volunteer

T

Research Participant
Characteristics (Table 1)

ntral to Translational Research

adl 1 ansiate - execute

General Patient
Population

apply

analyze interpret

< i‘.’
i\

Meta-analysis Physician

Researcher

electronic screening




Research questions

Q1: How to represent key information of eligibility criteria
semantically and consistently?

Q2: How to extract key information accurately from free
eligibility criteria text for patient recruitment?

Q3: How to accurately match study population and real patient
population in EMRs from hospitals?

Q4: How to reduce the gap between clinical trial study

population and real patient population?
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Clinical Trial data

= March 20, 2023
= 445,953 clinical trials; 221 countries

Study and Intervention Type Number of Registered Studies and Number of Studies With Posted Results and
(as of March 20, 2023) Percentage of Total Percentage of Total***
Total 445,953 57,585
Interventional 344,057 (77%) 54,308 (94%)
Drug or biologic 179,967 40,803
Behavioral,
118,799 11,263
Type of other
Intervention® Surgical
35,675 2,849
procedure
Device** 46,047 7,939
Observational 100,171 (22%) 3,277 (6%)

Expanded Access 886 N/A




. Non-U.S. only (53%)

- U.S. only (31%)

{ ‘ Both U.S. and non-U.S. (5%)

Number of Registered Studies Over Time
and Some Significant Events (as of March 20, 2023)

480,000, - -
Number ‘ 437,540
Location ‘
' 399,505
400,000
Non-U.S. only 236,247 3 s 1l 445,953
g | 325,763
U.S. only 138,919 & a ‘
- 293,247
» 8 ~ 300,000 '
Both U.S. and non-U.S. 21,931 |5 - ’ 262,295
E‘E . 233,119
: on
Not provided 48,856 | R , e 1
=T #0000 181,226
Total 445 953 ;f e
o 137,485
g ' o 118,022
' 100,206
< 100,000 O Qeasa1
| cEadh
. 48,288
35,739
' 24,822
1,291 19,895,278 858




https://www.clinicaltrial.gov/ct2/show/NCT02675257
https://www.clinicaltrial.gov/ct2/show/results/NCT01009138

Depression and Diabetes Control Trial (DDCT)

This study is currently recruiting participants. (see Contacts and Locations) ClinicalTrials.gov Identifier:
NCT02675257

First received: February 2, 2016
Last updated: February 4, 2016
Last verified: February 2016
Collaborators: History of Changes

German Center for Diabetes Research

Helmholtz Zentrum Manchen

German Diabetes Center

German Federal Ministry of Education and Research

Verified February 2016 by Forschungsinstitut der Diabetes Akademie Mergentheim

Sponsor:
Forschungsinstitut der Diabetes Akademie Mergentheim

Information provided by (Responsible Party):
Morbert Hermanns, Forschungsinstitut der Diabetes Akademie Mergentheim

Full Text View Tabular View No Study Results Posted Disclaimer  [E] How to Read a Study Record

P> Purpose

This randomised controlled frial evaluates a cognitive-behavioural intervention for diabetes patients with suboptimal glycaemic control and comorbid depressive symptoms and/or
diabetes distress. The main outcome is the improvement of suboptimal glycaemic contral (HbA1c). Secondary outcomes are effects on depressive symptoms, diabetes distress,
self-care behaviour, diabetes acceptance and quality of life. The treatment group will be treated with a cognitive-behavioural group treatment comprising specific interventions to
improve glycaemic control and reduce diabetes distress as well as depressive symptoms. The control group will receive treatment-as-usual. A total of 212 study participants will
be included. A secondary study objective is to analyse associations of suboptimal glycaemic control. depressive symptoms and diabetes distress with inflammatory markers.

Condition Intervention

Diabetes Mellitus Behavioral: Diabetes-related affective problems analysis

Affective Disorders Behavioral: Goal setting towards improvement of glycaemic control
Depression Behavioral: Diabetes-specific problem-solving therapy

Depressive Symptoms Behavioral: Interventions to increase diabetes treatment motivation
Emotional Distress Behavioral: Activation of personal and social resources

Diabetes Complications Behavioral: Reduction of barriers to self-care/glycaemic control

Behavioral: Cognitive restructuring of diabetes-related problems
Behavioral: Goal definition regarding self-care/glycaemia/wel-being
Behavioral: Health care and specific topics (e. g. blood pressure)

Eolarmral- HdaeaalFbhrvy Frmdde cramlbcrimm o recmamirmcircdatimmce roe i s o
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https://www.clinicaltrial.gov/ct2/show/NCT02675257
https://www.clinicaltrial.gov/ct2/show/results/NCT01009138

Research topics

= Semantic tag mining from eligibility criteria text

» Parsing and structuring eligibility criteria text

= Semantic computing and matching of eligibility criteria

= Classification of eligibility criteria text

= Clinical trial clustering

* Personalized clinical trial search and recommendation

» Partnership extraction enhancing clinical trial recruitment

» Gender extraction for enhancing clinical trial recruitment

= Matching eligibility criteria to patient EMRs for automatic recruitment
» Measurable quantitative information and extraction
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Motivation
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Types Training data Development data  Testing data  Total
PubMed Citations 593 100 100 793
Total Disease Mentions 5145 787 960 6892
Unique Disease Mentions 1710 368 427 2136
Parameter Setting Description
Char _dim 25 Character embedding dimension
Char LSTM_dim 25 Character LSTM hidden layer size
Methods Precision | Recall F1  [ers
Dictionary look-up 21.3 71.8 31.6
W Ctakes4.0 4755 | 5412 | 50.62
W MetaMap (semantic type filtering) | 49.5 67.9 541 |°
MetaMap (MEDIC filtering) 51 70.2 55.9
- Inference method 59.7 73.1 63.7 1m)
CRF+CMT 79.5 68.3 73.47
CRF+MeSH 85.5 66 74.55
CRF+UMLS 83.9 68.8 75.62
Dnorm 82.2 77.5 79.8
C-Bi-LSTM-CRF 84.8 76.12 80.22
TaggerOne(NER Only) 83.5 79.6 81.5
TaggerOne 85.1 80.8 82.9
DNER 85.28 83.30 84.28
SBLC 86.59 85.75 86.17
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Clinical trial Clinical data Clinical trial ~ Clinical
summaries  requests protocols  publications
__________________________ 4
Clinical texts
" Totfomatwappes ______________ ! Poe——=—= !
I P |
& | D, =5 || | rules |
| I Clinical request Protocol Clinical trial| ... | : |
: I wrapper wrapper wrapper j| :<:—'|' ng‘rm' rules :
b oo o oo o o oo o o — - —-—— ——— -
' - [ I I
| Functionalwrappers  _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1 eancecoo S oo 3
Wrappers| | |
| | | Semantic equivalence || Temporal Cevalue |...| | Domain
: I detection indentification traini || knowledge
e A S I R S TR S T S SR S 1
| Weapoerwilites_ _______________ : i
X > A |
||| File Log Yool | | woeds |
: | Loperation operation| | | | /Domanspedc :
i lJ | stop words |
________ ' [ |
l_-______\ ________ i | ( Preferred POS :
| ' ' 1268 |
Kernels n-gram-based MetaMap ||
l algorithm plugin UMLS l
|
| Metathesaurus :
|

Table 1

Comparison of the FST overlap and recall between our approach and BaselineM for all the

trials (N = 145,745) from ClinicalTrials.gov using frequency thresholds ranging from 1% (i.e., an FST

occurs in 1% of all the sample trials) to 8%

Frequency #Relevant FSTs

Overlap with  Recall improvement

threshold “g.olineM Kernel-wrapper Shared upon BaselineM
0.0 316 349 243 76.9% 10.4%
0.02 233 248 187 80,3% 6.4%
0.03 133 142 17 B8.0% 6.8%
0.04 96 106 B8 91.7% 10.4%
0.05 7 a5 n 92.2% 10.4%
0.06 49 57 47 95.9% 16.3%
0.07 40 48 39 97.5% 20.0%
0.08 32 39 32 100.0% 21.9%
-
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Table 1. The extracted semantic concepts for the 24 disease categor

Commonalities in Target Populations in Eligibility Criteria

_ _ Disease:| Type 2 diabetes $ | Voriable: HBAIC + Vaue range: Lower 8ound: 7.0 Upper Bound:
# sub- T average ¥ average sha Disploy fop 10 criterion
Disease types diseases | # trials Unque b nque b ¢ ric ophion en) - Interverdional -, Observational
) |:t1'1 alg>=1 C':I con&:epts: sub- con&:epts: su f tricds: (AN If nO s choser Phasa D Phase 1  Phase2 | Phased | Phase 4
- isease isease Recruiting - Closed
Bacterial and Fungal Diseases 128 24589 7794 72 778 0% Ir Rndln"mn' omm"-” I olior ho Drug  Procedue | Biological | Device  Behavioral | Dielary Supplement | Geralic
Behaviors and Mental Disorders 128 838,578 5623.01 18851 Posess
Blood and Lymph Conditions 151 72152 6510.70 23209 inlucision Criterla Exclusion Criteria
Cancers and Other Neoplasms 359 197425 T156.74 252118 Semantic Feature Type Percentage Semantic Feature Type Percentage
: - - Group of Trials Group of Trials
Di gesuve S}'Stﬁ'm Diseases 166 84?66 4844.88 1674.35 Phwysology HbAlc Numeric P48% Chemical Creatining Nurreric 163%
Diseases and Abnormalities at or ' and Drugs
7 7
before Birth 234 27,384 167559 50728 Physiology Bl Numerc  529% Chemical  pharmacologic Categorical 327%
Ear, Nose, and Throat Diseases 58 82101 725614 741 14 - A — — Zr;dorugls :):s-m‘(.c i i
= WEO ge Numeric 7 emical umeric X
Eye Diseases 122 17,499 1886.74 647.24 R andDrugs |
Gland dH Belated Disorder giope’es meiiitus non- Caolegorical 743% Physiology BP-systolc Numeric 121%
Diceasas | rmone BERE 95 31,106 | 343056|  1146.48 insin dependent
- Proceawes contraceplive methods Categorical 11.9% Phydology DP-diastolic Numeric 1Z%
Heart and Blood Diseases 209 B4=B4B 3938.46 126991 Chemical Glucom Numeric 163% Disorder dabetes mellitusinssin- Cotegorical 33.7%
Immune System Diseases 132 77.950 5380 99 23206 and Drugs dependent
Mouth and Tooth Diseases 77 6.400 228161 74818 g:gg'ff,i ey i oo porder g e e S
]I:\r}ifilé:lseéannm and Cartilage 147 20,368 2771.89 905.82 gr;g:; siforylreccompounds  Cotegorical 169% Disorder gradivity Categorical 31 5%
Nervous System DiSEE.SES 3 96 1 1 190? 3 268?4 10496 S:;g,;; antidichetics Caotegornical 13.4% Disorder malignant neopiasm Categorical 27.1%
N t['.l.tl. E.l d Met b ]. emic {ipels 3 dance B nical 1S H50 HbAlc urmeric ,
D;lseas?sl SO 154 63,397 339268 1136.06 il nhtiseae ko Categorical 13% Physiology A Numerdc  10.1%
Occupational Diseases 3 89 57433 14733
Parasitic Diseases 34 3 :3 02 1121 .41 470.38 Collective Valve Ranges for HbA1C Collective Value Width Modal lon:\goty Valuve
Respiratory Tract (Lung and 5 . i
Bronchial) Diseases 123 62.520 485632 1723 98 Valve Range Number of PR Wl 20 TR < TR e
Skin and Connective Tissue
7 7
Diseases 152 42.476 333539 1146.82 HbAle >« 70and HbAle 228
Substance Related Disorders 29 62.520 1943 90 62748 e ) :
Symptoms and General Pathology| 410 132,371 331772 83 1055.10 HbAle>7.0 97 M .
Urinary Tract, Sexual Organs, and e = -
Pregnancy Conditions 184 70,395 395946 1322.09 HBATE <= 75 _ ], . i
Viral Diseases on 57242 5405 83 2023 83 HbAle >=70and HbAle 75 e ’ et 08 SR ' M Y
: <110
Wounds and Injuries 04 G 449 1727.13 469 54
HbATE >= 7.0 57
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Trials on Eligibility Table 2
ClinicalTrials.gov criteria texts UMLS The relationship between cluster size and number of clusters.
Cluster size Number of clusters
Center-based Unique
2 5680 (64.5%) 2910 (80.5%)
Sentence houndary Semantic feature 3 969 (11%) 390 (10.8%)

detecting extracting 4 464 (5.3%) 146 (4%)
5 222 (2.5%) 61 (1.7%)
6 78 (0.9%) 22 (0.6%)
7 79 (0.9%) 16 (0.4%)

8 20 (0.2%) 6 (0.2%)
9 53 (0.6%) 13 (0.4%)
Trialfeawre | wl  Clustering 0 50 (0.6%) 11 (0.3%)

]
£
2
3
7]

matrix

Table 3

The quartile distribution of eligibility criteria text length measured by the average
number of words per trial pair.

Similarity Matrix of four trials A,8,C,D; 1=identical; 0= completely different; our threshold

for forming clusters is 0.7 B Min 1%t Quart. Median 37 Quart. Max Mean
m 0.7 26 69.00 108.00 294.50 845 220.50
A 1 8 9 6 0.8 15 54.50 96.75 272.60 959 205.20
B 8 1 8 9 n 0.9 34 43.00 43.00 65.25 909 80.43
C 9 b 1 8
D 6 9 8 1
|Center-based Clusters Table 4
o o o o The mean and standard deviation of MTurk similarity ratings at different thresholds.
A B C D
O o e o o e Threshold Mean Standard deviation
\ / 0.7 3.35 1.20
Unique Clusters o gg i g(l) (ng;




clustering by similar semantic phenotypes

ldentifying similar semantic phenotypes for 5488 diseases

hospitals /researchers: view trial-phenotypes associations

Patients: a convenient way to retrieve similar trials to attend

[dentifying Clinical Trials with Similar Eligibility Criteria

Searchwithatrial I0  Search using ClinicalTrial.gov  View disease network  Choos= One |«!

This i thal cluster search based on eligibdity critena similarty using semantic features from a4 trials from ClinicalTrials.gov

Examples for search. NCT01733283. NCT01565330, NCTO1173581, NCT00741195, NCTO0629957

Input a trial ID NCTO1179581 Seach * Al Open

Qo 178054

Q01236037

.
e 70581
|\_,(‘,.u-,rw':;
(_,J!".'"J..‘
01721080

Brief Tite: First-in-Human Single Ascending and Muifiple Dose of GLPGI634
Condition: Healthy
Status: Completed

>> NCTO1179581

>> NCTO1580644

Rraf Titla- Anawvalizhility Sl af Prmdrn af G} PGA1AT in Heathy Vnlimtears

Closed
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Motivation

"
Not Gender Criteria for Transgender Specification i
50 Requiring Biological
——— first posted last update posted Transgender

= 45 A > Transgender All, Biological All
w3
2 —
= E Requiring Transgender All, Biological Male
'5; 40 Non-transgender Transgender B -
R e All Transgender All, Biological Female
9
%" 30 4 Gender > Transgender All
g 25 L Reguirenent > Transgender Male, Biological All
3 - 7 . .
= Requiring » Transgender Male, Biological Male
< 20 - Transgender *»| Transgender
§0 Male *  Transgender Male, Biological Female
# 15 A
E > Transgender Male
= 10 A
2 ) Transgender Female, Biological All

5 1 e

5 Requiring Transgender Female, Biological Male

0 L8 . : = . Transgender

IR ETR : 5 - ; i : 3 ; » ; ; . : Female Transgender Female, Biological Female
2002 2003 2004 2005 2006 2007 2008 2009 20102011 2012 2013 2014 2015 2016 2017

Years Transgender Female




Table 2 Examples of logical judgment functions and their

descriptions

Function name Description

Example

SubJudgement If G, is subordinate
Gy, Gy) gender of G

return True

Else:

return False
SuperJudgement If G; is superior
(G, Gy) gender of G

return True

Else:

return False
ReverseJudgement If G; is NOT G,:
(/Y 50 ratiirn Triia

Table 3 Examples of transformation functions and their descriptions

4

G1 = Transgender Male
G2 = Transgender All
Return True

G1 = Transgender All
G2 = Transgender Male’
Return True

G1 = Transgender Female’

f:? — ’Trnncnan/‘far Eamnla'

Function Description Parameter Restriction Example
Split{G,)— Splitting G; into G, and G3 SplitJudgement(G;) == True Input
(G, G3) G; = ‘Transgender All
Ouput
G, = "Transgender Male'
G3 = 'Transgender Female
Merge(G;, G,) Merging G; and G; into G3 Splitjudgement(G;) == False Input
—G;3 Split/udgement(G;) == False G; = 'Biological Male'
Similarjudgement(G;, G;) == True G; = 'Biological Female'
ReverseJudgement(G;, G;) == True Ouput
Gs = 'Biological Al
TransConstrain G; is transformed into the transgender type G; Input
G) =G, G; = 'Biological Male'
Ouput

G, = "Transgender Female’ 28




Unstructured

clinical trial text 17

Feature extraction module

Pattern learning process : Training
|

Pattern extraction

X

A 4

Heuristic rules

Gender mention extraction

Candidate patterns

Patterns

Pattern matching

A

I

Confidence and

Verification rules

J
O_

Extracted features verification

support calculation

______________

|
|
|
|
|
|
|
|
! !
|
|
|
|
|
|
|
|

e I
l |
| / = -l v |
ogica .
I o8 Gender inference '
I judgement I
| I
I I
A 4
: Transform Gender requirement :
| summarization |
| I

@ender requirmenD

Algorithm 1 Feature Extraction

1
2
3
4.
5:
6
7
8

9.

10.
11:
12.
13.
14.
158
16.
L7

1R

Input: an unstructured clinical trial text ctext
Output: the identified gender mention all_gender mentions
all_gender _mentions < null
Set candidate sentences can_sent < null
patterns Generated Patterns <— patterns generated from annotated clinical text
Split ctext into sentences sents
for each sentence sent in sents do
can_sent «— sent
for pattern in Generated Patterns do
if can_sent.match(pattern) do
can_sent.annotate(features matched pattern)
end for
for rule in Heuristic Rules do
if can_sent.match(rule) do
can_sent.annotate(features matched rule)
end for
for rule in Verification Rules do

if ~an cont mateh(enlo) da

Algorithm 2 Feature Summarization

10.
1.

l'\

-

13.

Input: extracted gender mentions all_gender mentions
Output: the summarized gender requirements gender _requirement
for each feature mention in all_gender mentions do
MetaGenders.add(metagander transform using gender inference € mention)
end for
sort MetaGenders by mention count in descending order
for (i=1, i< MetaGenders.leangth, i++) do
if MetaGender{i| > MetaGender{i+1)*threshold do
remove rest of MetaGender from i+/ to the end in MetaGenders
Break
end for
gender requirement< merge MetaGenders
return gender requirement
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Dataset

= 277,012 clinicals trials as dataset

Table 5 The performance comparison on the datasets (A to G) using  1.00
Method A B C vos | B Precision B Recall OFI
Logit Boost 0637 0.674 0.681
Logistic 0.745 0.735 0.693 0.90 ~
Bayes Net 0680 0662 0652 .. | _ - N ] l N ]
Simple Logistic 0.761 0.668 0.697
LMT 0772 0.668 0643 0.80 1
Random Committee 0.728 0.738 0.696 E 075 A
Decision Table 0.637 0.609 0.590 qE
Random Tree 0674 0667 os61 &= 0701
Random Forest 0.774 0.739 0.760 0.65 -
Our approach 0.858 0.860 0.873

0.60 -

5
0.55 -
0.50 -
Dataset A Dataset B Dataset C Dataset D Dataset E Dataset F Dataset G

(5,134 trials) (10,134 trials) (20,134 trials) (40,134 trials) (60,134 trials) (80,134 trials) (100,134 trials)

Datasets with the incresing number of clinical trials

30




202.116.195.64

Tianyong Hao, Boyu Chen, Yingying Qu. An Automat
Lecture Notes in Computer Science, by 5th Interna
118, 2016. (Best paper award)

The experiment is mainly used to detect gender info

Insert sampletext 1 Insertsampletext2 Insertsample text 3

1. age: 18 years or older.

male or male—to-female transgender rather than t
fluency in english.

residing in la county upon releasze.

inability to give informed consent.

ztays in jail <b daw=. 7. lack of english fluem

O CNode L B2

Process Clear

Result:

Detected gender features: [male’, 'male-to-female tr
Initial decision making: ['Biclogical Male', Transgent
Final decision: [[Biological Male', Transgender Ferr

[;,'J Detected virtual population: Transgend

Research Experiment

A tesl sysiem utizing CinicalTrials website

Find Studies About Clinical Studies Submit Studies Resources

Hame > Find Sludes > Seach Results > Study Record Detall

Trial record 1 of 1

) e
Microbicide Safety and Acceptability in Young Men (Project Gel)

This study has baen compiated

Sponsor:
CONRAD

Collaborators:

Natanal insttutes of Health (NiH)

Eunice Keanedy Shriver National Institute of Child Heath and Hurman Development (0
Natonal institute of Mental Health (NIMH)

Ind jon provided by (Resp
CONRAD

ible Party):

Full Text View Tabular View No Study Resuits Posted Dsciaimes

P Purpose

After completing a screening evaluation, 280 eligible partiopants, InCludng 40 sex worke
medical evaluation for both history and presence of STIs and anarectal heaith pathologie
140 elgibie participants, InCluding 20 sex workers, reporting at least one occasion of unp
participants will apply the universat placebo gel (HEC) rectally prior to each episocde of R
compiete a Web-based questonnare and take part in a video teleconference at the end
enrod In Stage 2. The subse! of sex warkers who 100k part in Stages 1A and 18 will term
tenofovir 1% get or HEC piacebo gal as part of Stage 2, the Pnase 1 safety study Foow
wil be acministered. Within approssmately 50 minutes, rectal swab and recial blopsy spe
return to the chinic for assessment. If no signitficant adverse events (AEs) are reported thi
whach they will return fo the clinic for evaluation and specimen coliecbon

Fillin any or all of the fields below. Click on the label to the left of each search field for more information or read the Help

| | search | Help

Recruitment:  [All Studies v]  [Exclude Unknown status
Study Results: [All Studies v|
Study Type: [All Studies M
Targeted Search
Conditions: | |
Interventions: | |
Title Acronym/Titles: | |
Outcome Measures: | |
Sponsor/Collaborators: | | CJExact match
S | | [CJExact match
Study IDs: | |
Locations
State 1: [-— Optional — M
Country 1: [-— Optional — v
State 2: [ Optional — v]
Country 2: [— Optional — V]
State 3: [— Optional — M
Country 3: [— Optional — v

Location Terms:

Additional Criteria

Phase:

Studies with Female Participants

Studies with Male Participants

Studies with Transgender Participants
Studies with Transgender Male Participants
Studies with Transgender Female Participants

[Iprhase0 [lphase1 [Phase2

[Jprhase 3 [IPhase 4

CINH [Jother U S. Federal agency

[lindustry  C] Al others (individuals, universities, organizations)

[[JHas an Outcome Measure designated as a safety issue

From | | Tol | (MMIDDAYYYY)
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Medical Conditions

« Diabetes potentially requiring pharmacotherapy, defined as A1c > 7%

Uncontrolled thyroid disease
« Current parathyroid, liver or kidney disease

« Renal stone within 5 years

« Sarcoidosis, current pancreatitis, active tubercu

» Inflammatory bowel disease, colostomy, malabs

« Cancer other than basal cell skin cancer within

» Uncontrolled arrhythmia in past year
« Albinism or other condition associated with redu

« Pregnancy over the last 1 year

« Intent to become pregnant
« Menopause onset within 1 year

« Any other unstable medical condition Laboraton
« Fasting plasma glucose < 100

« Hemoglobin A1c > 7%

« Laboratory evidence of liver disease (e.g. AST :
« Laboratory evidence of kidney disease (e.g. est

« Elevated spot urine calcium to creatinine ratio >

» Abnormal serum calcium (serum calcium > 10.5

« Anemia (Hematocrit < 36% in men, <33% in woi
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White blood_cell >14.0 X109/ L

entity

relator

comparison link @numeral (14.0X109)

measure link measure

®»w ©O

@unit (L)

“White blood cell” describes an entity.

“14.0 X 109 / L” describes a measure consisting of two
attributes @numeral (“14.0 X 109”) and @unit (“L”").

“>” describes a relator relation (“larger than”).

A measure link and a comparison link are triggered
by the measure and by the relator, respectively.

Link type Visual demonstration

Sequential (‘5—@ m

Inverted — sequential @ @
Cross G G @ @

Multiple -cross @ G @ @




The metamodel (ISO 24617-11)

source data isSourceOf
isAnchoredTo
iIsAnchoredTo iIsAnchoredTo
relator
triggers
Y
entity = link "> measure «—=" link
‘triggers _
@type @type= SULITETE @type=
@quantity “measure” gtl;/rgé “comparison”




Medical texts from
different resouces

Vaix

Numeric comparison
statements

Phase 1: E
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Phase 2

Method design

Entity-Quantity Numeral-Unit
t t
association association
classifier classifier
iy b3
ettt e et ety it et bt e
= Y] [ | ]
Entity Numeral Unit O
A A
¢ L t
e
it Span classifier layer

L LI LD
| L 0_ g, ~ == _? ;_ _1 A
Lexicon Enhanced BERT Encoder
[ & 2 Translormer i I
1 1

Lexicon Adapter layer

—

pr—

Transformer J

4

t
olle] o [

’we1| Iwe2| ee [wen

i

B span max pool representation
Bl span width embeddings
context representation
Bl the overall sentence representation

(b) measurable quantitative
information association

(a) measurable quantitative
information recognition

Input Sequence and Lexicon Information

cw, CWi+1 CWis2 CWi:3
<PAD> <PAD> ¢ 110 21 Wk 2 10 a0 ik
DAV AN | BEAl s (L) (1}
[ [ |
e # — N — kR — W

g . Y e -

. Output: candidate entity-quantity pairs |




Evaluation design

Table 1. The evaluation of the Valxor on Diabetes Type 2 and Type 1 trials using variable

“HBA1C”compared with human-based gold standard dataset s disease
Dataset Text section  #by human #by Valxor # Correct Precision Recall F1 C h 0S p |tal
Diabetes Dataset | Methods | P@REC |R@REC | FI@REC | P@ASS |R@ASS |Fl@ASS
Type 2 trials Methods P@CQI |R@CQI |Fl1@CQI P@SQI R@SQI |Fl@SQI
CQI SPN (%) (%) (%) (%) (%) (%)
Diabetes SpE Bi-LSTM-CRF 93.67 93.79 93.73 54.58 62.70 58.36
Type 1 trials : | - - 1
Our CRF + external |93.54 9461 94.08 - - -
’ SQI gpp features
SpE Bi-LSTM-CRF + 93.81 94.74 94.27 - - -
07 external features
ur
Lattice-LSTM 96.05 94.53 95.28 70.41 74.60 72.44
LGN 94 41 95.47 95.08 67.77 75.06 71.23
LEBERT 194.81 96.99 95.89 81.74 84.42 83.06

Our model 196.71 98.17 97.44 84.95 86.64 85.72




Unit

4.8%

Context _—
7.1%

Error analysis

Variable .
7.7% Association

B2 / 13.2%

Category Sub-category Example text Trial ID
Semantic Logic HbAlc=7.5% and = 10% NCT00117780
Context but who did not reach the target of Alc=7% NCT00423215
Unit consequent HbAlc levels of >8mmol/L NCT01095965
Other increased Alc level of more than 2% from baseline =~ NCT00728403
during the study
Context Reference HbAlc <=130% of upper limit of normal of local NCT00223574
hospital lab
Multiple HbAlc in the range of 7.5 percent to 8.5 percent (up NCT01140542
to 9 percent in Mexico, Ukraine and Romania) tested
at V0 by the central laboratory
Association The proportion of subjects who are randomized with  NCT00495469
an HbAlc <7.5% will be limited to be no more than
20%
Parsing HbAlc superior or egal to 7.5% NCTO01144728
Variable Glycosylated haemoglobin (HbA I¢c) < 10%. NCT00274118
Numeric HbAlc between 45 and 94 NCT01513798
Coding 6.5% @ HbAlc @ 9% at screening visit NCT00541437
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AGE s

Year

HBA1C

precent

T gy P

0

GLUCOSE
mmol/

0

HYPERTENSION-S
mmhg

0

HYPERTENSION-D
mmhg

0

CREATININE

mg/d

0.0

10

20

20

05

20

40

40

1.0

a0

60

60

SemAF for Measui

Use the mouse to get annotation items in t

Choose the type:
entity: | medicalConcept ¥ comparison:  greaterThar|

PS: Only one sentence can be processed at a tim

i blood ] o] - 40 x 09

Annotation in XML:

Sentence: White blood cell count > 14.0 X109 /L

a.<wordSeg xmlid="ws1" target="#1a" lang="en"=W

L wi10<=/wordSeg=

b =MQI xml:id="qi1" target="8ws1"=
<entity xmlid="x1" target="#w1, #w2, #w3" tyg
=measure xmlid="me1" target=""num=""un
=measure xmlid="me2" target="#w4, #wb, #w
=comparison xmlid="cp1" target="#w5" type=
=cLink xmlid="coL1" measure1="#me1" meag
=mLink xmlid="meL1" measurelD="#me1" ap

<MQl=

Variables and values:_ greaterTH

1 1 FaY ~ a™ - " Ay

Valx - Numerical Expression Extraction and Normalization

Extract and normalize quantifiable variables including variable name and values from eligibility criteria text into computer-
interpretable representations. Input a trial ID or a eligibility criteria text for processing.

Trial ID: ncTo0784511
Eligibility criteria text:

Inclusion Criteria:

(e.g., NCT00784511). Set empty when use eligibility criteria text only.

- African-American by self designation
- Glucose intolerance defined as FPG = 100 mg/dl or Alc = 5.8%
- BMI 25.0-39.9
- Age 40 or older
Exclusion Criteria:

Medical Conditions

g

Variable option: () Detect all variables

|dentified variables: () Age_and_Gender () Glucose ( \HBA1C () BMI () Age (renal stone () cancer other than basal cell
skin cancer () pregnancy ( menopause onset (JAST (ALT ( estimated glomerular filtration rate () Creatinine ratio ()
abnormal SERUM CALCIUM () Hematocrit () consumption () corresponds to a 24-hour urinary calcium excretion

Process Clear Download output in csv

Click to view the trial on ClinicalTrials.gov

Variable: Structured AGE & GENDER
Gender information: both
Age information: [Minimum:40 years, Maximum:]

Text section: Inclusion

Sentence: glucose intolerance defined as fpg >= 100 mg/dl oralc >=5.8%

Representation: glucose intolerance defined as <VL Label=Glucose Source=DK>fpg</VL> <VML Logic=greater_equal
Unit=mg/di>100</VML> or <VL Label=HBA1C Source=DK=>a1c</VL> <VML Logic=greater_equal Unit=%>5.8</VML>
Normalized variables and values: [Glucose|[greater than or equal to| [mmollll; [HBA1C][greater than or equal to [%);

Text section: Inclusion

Sentence: bmi 25.0-39.9

Representation: <VL Label=BMI Source=DK>bmi</VL> <VML Logic=greater_equal Unit=>25.0</VML> - <VML
Logic=lower_equal Unit=>39.9</VML>

Normalized variables and values: [BMI| [greater than or equal to| 25.00] [kg/m2]; [BMI| [lower than or equal to[39.80] [kg/m2];

Text section: Inclusion

Sentence: age 40 or older

Representation: <VL Label=Age Source=DK>age</VL> <VML Logic=greater_equal Unit=>40</\VML>
Normalized variables and values: [Age|[greater than or equal to| [40.00| [years];

Text section: Exclusion
Sentence: diabetes potentially requiring pharmacotherapy, defined as alc > 7%

Representation: diabetes potentially requiring pharmacotherapy, defined as <VL Label=HBA1C Source=DK>a1c</VL> <VML
Logic=greater Unit=%>7</\VML>

Normalized variables and values: [HBA1C| [greater than|[7.00]




AR 122 180 Progects - 150 24617-11 2021 - Overnew

INTERNATIONAL 1SO " "

STANDARD 24617_11 | | pd.l - id. 74578 lSDa\'L??v'SC"Z"WB‘E

First edition

202100 o 1SO 24617-11:2021 Edition date

€d.1-id.74578 1SO/TC $7/5C 4/WG 2 02108
Q Title én fr

Language resource managemenl — en Language resource management — Semantic annotation framework (SemAF)
Semantic annotation framework — Part 11: Measurabie guantitative Information (MQI)
(SemAF) i fr Gestion des ressources linguistigues — Cadre d'annotation sémantique

(SemAF) — Partie 11: Informations quantitatives mesurables (MQ)
Part 11:
Measurable quantitative information
(MQI) Scope A en It

Gestion des ressouwrces lnguistiques — Codre d’onnotation

sémantique (SemAF) — en This document covers the measurable or magnitudinal aspect of quantity sa

that It can focus on the technical or practical use of measurements in IR
(information retrieval), QA (question answering), TS (text summarization),
and other NLP {natural language processing) applications. It is applicable to
the domaing of technology that carry more applicational relevance than some
theoretical Issues found in the ardinary use of language.

Partle 11; Informations quantitatives mesurables (MQI)

NOTE 150 24617-12 deals with more general and theoretical issues of
guantification and guantitative information.

This document also treats temporal durations that are discussed in IS0
24617-1, and spatial measures such as distances that are treated IS0
246177, while making them interaperable with other measure types. It also
accommodateés the tréatment of measures or amounts that are introduced In
IS0 24617-6:2016, B.3.

fr  Le présent document porte sur "aspect mesurable ou quantitatif de la
grandeur, de sorte qu'll est possible de se concentrer sur l'utilisation
technique ou pratique des mesures dans les applications IR (recherche
d'informations), QA (réponse aux questians), TS (résumé de texte) et autres
applications NLP (traitement du langage naturel). ! s"applique aux domaines

Heterence number

AT 150 24617-11:2021(E) lechnologiques qui présentent plus d'intérét sur le plan de "application que
Iso certains problémes théorigues rencontrés dans "'utllisation ordinaire du
V- A
© 150 2021 langage.
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