PheKnow-Cloud: A Tool for
Evaluating High-Throughput
Phenotype Candidates using

Online Medical Literature

Jette Henderson?, Ryan Bridges?, Joyce C. Ho3, Byron C. Wallace?, Joydeep
Ghosh'

1UT Austin, 2Epic Systems, 3Emory University, 3Northeastern University

AMIA Joint Summits on Translational Sciences



Disclosure

* Neither my collaborators nor | have no relationships with commercial
interests or conflicts of interests



Background: EHR-Based Phenotyping
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Manual Phenotype Extraction
* Laborious

* Time-consuming

* Requires domain expertise



Motivation & Background
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PheKnow-Cloud Result Interface

Candidate Phenotype . .

Disorders of fluid, electrolyte, and acid-base balance
Other and unspecified anemias 0.025
antianginal agents

salicylates

calcium channel blocking agents > 0015 —
secondary hypertension

selective immunosuppressants 001
angiotensin converting enzyme inhibitors
hypertension

o

This candidate phenotype has an average standard deviation (above the median) lift of 0.0064

Table of Evidence

Standard
Deviations
above Median
Index  Paper Lift Co-occurrence Tuples
0 Title:Unmet medical needs in lupus nephritis: solutions through evidence-based, personalized 0.031 (calcium channel blocking agents, selective
medicine immunosuppressants)
Author:Anders, Hans-Joachim; Weidenbusch, Marc; Rovin, Brad
Year:2015
[onceroe
1 Title:Assessment of the Effects of Low-Level Laser Therapy on the Thyroid Vascularization of 0.0155 (antianginal agents, selective
Patients with Autoimmune Hypothyroidism by Color Doppler Ultrasound immunosuppressants)
Author:Héfling, Danilo Bianchini; Chavantes, Maria Cristina; Juliano, Adriana G.; Cerri, Giovanni G.;
Knobel, Meyer; Yoshimura, Elisabeth M.; Chammas, Maria Cristina
Year:2012
" B B " E B " E B
10 Title:Fluid and Electrolyte Disturbances in Critically lll Patients 0.0004 (Disorders of fluid, electrolyte, and acid-base
Author:Lee, Jay Wook balance, hypertension, secondary hypertension)
Year:2010
) EXES
1 Title:The Effects of Celecoxib or Naproxen on Blood Pressure in Pediatric Patients with Juvenile 0.0001 (hypertension, salicylates, secondary
Idiopathic Arthritis hypertension)
Author:Falkner, B; Berger, M; Bhadra Brown, P; lorga, D; Nickeson, RW; Zemel, L
Year:2015



Phenotype Verification Process using Pubmed
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Pubmed
Articles

Co-occurrence
search in
Pubmed

{"heart failure”,
"antianginal agents” ->
57}
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"vitamins"-> 1.05}

Lift for all
co-occurrences
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Feature Extraction

"left heart failure= Ranking "heart failure™
) o heart failure”, synonyms "left heart failure”,
Phenotype 33 heart failure ."oongg.stive heart —and+related myocardial failure”,
disease”, myocardial concepts "congestive heart
cardiac dysrythmias failure”, , ... disease”, ...
heart failure
atrial fibrillation and flutter
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Co-Occurrence Calculation Process

"heart failure”,
"left heart

failure”, myocardial failure”,
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P(ANBNC)

P(A)-P(B) -P(C)



Significance Determination—Aggregating
within Phenotypes

Phenotype

Rheumatoid arthritis and other inflammatory
polyarthropathies

Other and unspecified disorders of joint

Osteoarthrosis and allied disorders

Osteoporosis

hypertension

Other and unspecified disorders of back

miscellaneous analgesics

antirheumatics

vitamins

cox-2 inhibitors

glucocorticoids

proton pump inhibitors

nutraceutical products

Feature
Extraction

—————>

Phenotypic Term

Most Relevant
Synonyms

hypertension

'regarding
hypertension’,
'hypertensive
disorder systemic'
"'ischemia due

hypertension', etc.

osteoperosis

'osteoporosis
postmenopausal’,
"'prevention
osteoporosis’,
'femur associated
osteoporosis’, etc

miscellaneous
analgesics

'painful periods’,
"‘abdominal pain
finding', 'pain
observable entity’,
etc

Co-occurrence
and Lift

Calculation

Lifts

Standard
Co-occurrence set Deviations
(represented by original Above
phenotypic terms) Cardinality |Median
("hypertension','osteoporosis’) 2 0.1169
('cox-2 inhibitors', 'proton
pump inhibitors', 'vitamins') 3 0.0907
('cox-2 inhibitors',
'osteoporosis') 2 -0.0071
'osteoarthrosis and allied
disorders', 'osteoporosis' 2 -0.0053
(‘osteoporosis', 'proton pump
inhibitors') 2 0.0266
(‘osteoporosis', 'rheumatoid
arthritis and other
inflammatory
polyarthropathies') 2 -0.0018

Average Standard
Deviations Above Median :
.0367



Experimental Set-up

Phenotype Data
 Random and curated phenotypes
* 80 annotated phenotypes generated by two different automatic phenotype

generation algorithms
e 14% -- clinically meaningful
* 78% -- possiblysignificant
* 8% notclinically meaningful

PubMed Data
* 25% of PubMed Open Access Subset

Method

1. Calculate lift

2. Determine “optimal” threshold that separates “significant” and “not
significant” phenotypes

I”



Process Tuning—Phenotypic [tem Synonym Set Size

Classifying Phenotypes with Different Numbers of N-Grams
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Results—Randomly Generated vs Curated Phenotypes

Normalized Lift
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Randomly Generated Phenotypes
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Classification Results

* 100% true negative
classification

e 80% true positive
classification

e F1 scoreof0.89



Results—Automatically Generated Phenotypes

Normalized Lift Averages for High-Throughput Phenotypes
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This candidate phenotype has an average standard deviation (above the median) lift of 0.0064

Candidate Phenotype i
003
Disorders of fluid, electrolyte, and acid-base balance
Other and unspecified anemias 0025
antianginal agents
salicylates 00z
calcium channel blocking agents > 0015 =
secondary hypertension
selective immunosuppressants 001
angiotensin converting enzyme inhibitors . N |
hypertension d |
0= I
0 05 1 15 2 25 3 35 4 45 5 55
X
Table of Evidence
Standard
Deviations
above Median
Index Paper Lift
0 Title:Unmet medical needs in lupus nephritis: solutions through evidence-based, personalized 0.031
medicine
g , H: Joachim; Wei Marc; Rovin, Brad
Year:2015
T
1 Title:Assessment of the Effects of Low-Level Laser Therapy on the Thyroid Vascularization of 0.0155
Patients with Autoimmune Hypothyroidism by Color Doppler Ultrasound
Author:Héfling, Danilo Bianchini; Chavantes, Maria Cristina; Juliano, Adriana G.; Cerri, Giovanni G.;
Knobel, Meyer; Yoshimura, Elisabeth M.; Chammas, Maria Cristina
Year:2012
" B N HE E B
10 Title:Fluid and Electrolyte Disturbances in Critically Ill Patients 0.0004
Author:Lee, Jay Wook
Year:2010
View Abstract Link to paper
1 Title:The Effects of Celecoxib or Naproxen on Blood Pressure in Pediatric Patients with Juvenile 0.0001

Idiopathic Arthritis

Author:Falkner, B; Berger, M; Bhadra Brown, P; lorga, D; Nickeson, RW; Zemel, L

Year:2015

View Abstract Link to paper

Co-occurrence Tuples

(calcium channel blocking agents, selective
immunosuppressants)

(antianginal agents, selective
immunosuppressants)

(Disorders of fluid, electrolyte, and acid-base
balance, hypertension, secondary hypertension)

(hypertension, salicylates, secondary
hypertension)



Clinical Kidney Journal, 2015, vol. 8, no. 5, 492-502

doi: 10.1093/ckj/sfv072
Advance Access Publication Date: 27 August 2015
CKJ Review

CK]

Leading European Nephrology

CKJ REVIEW

Unmet medical needs in lupus nephritis: solutions
through evidence-based, personalized medicine

Hans-Joachim Anders?, Marc Weidenbusch?, and Brad Rovin?

(hypertension,
immunosuppressants)

Genetic/metabolic risk

stratification, combination of low-dose
immunosuppressants with anti-
inflammatory drugs, favor

specific drugs over unselective
immunosuppressants

Clinical criteria

Male gender, older age, hypertension, increased SCr

Anti-snRNP, high SLE activity/anti-dsDNA, childhood-onset SLE,
race, family history of diabetes and/or hypertension

Pre-term birth, birth weight, male gender, race (Afro-Americans,
Hispanics), hypertension, kidney biopsy (LN Class III-VI,
chronicity index/extent of scaring ~ lost nephrons), SCr,
failure to respond to induction therapy (proteinuria), number
of flares, progressive fibrosis on re-biopsy



m ISSN 1738-5997 (Print) * ISSN 2092-9935 (Online)
Electrolyte Blood Press 8:72-81, 2010 * doi: 10.5049/EBP.2010.8.2.72

Fluid and Electrolyte Disturbances in Critically Il
Patients

excretion. If it is appropriately low (i.e., 24-hour urine K*

< 20 mEqg/day or random urine K'/creatinine < 15 mEq/
Jay Wook Lee, M.D. Disturbances in fluid and elect o or 1.5 mEqg/mmol), transcellular shift or extrarenal K"
loss should be suspected. If urinary K™ excretion is high,
transtubular potassium gradient (TTKG), acid-base status,

(Disorders of fluid, electrolyte, and acid-bs and the presence or absence of hypertension are helpful
balance, hypertension, secondary in differential diagnosis of hypokalemia due to renal

hypertension) potassium loss. A TTKG larger than 4 suggests that there is

an increase in K secretion into the cortical collecting duct,
i.e., a high K" concentration in the cortical collecting duct.



Future Work

* Incorporate “gold standard” phenotypes from PheKB and other
sources

* Scale to whole PubMed Open Access Subset

* Speed up co-occurrence analysis

* Refine and automate phenotype classification process
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