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CREATING AWORLD
OF CONNECTED
COMMUNITIES
WHERE EVERY
HEALTH OUTCOME IS
POSITIVE

MISSION  Reimagine and
expand the knowledge
base of healthcare through
prescriptive analytics and
artificial intelligence to
deliver precision medicine.
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Leading clinical expertise
applying practical insights
across the continuum of care

Clinical
Insights

Innovation
Framework

Prescriptive analytics and
artificial intelligence driving
personalized and precision
medicine

Data
Science
Expertise

Innovation process and
discipline, building
breakthroughs and
leading change
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eGEMs

erating Evidence & Methods
mprove patient outcomes

Consensus Statement on Electronic Health
Predictive Analytics: A Guiding Framework

to Address Challenges

v, Martin Entwistle;
AD, PhD;¥#

Nalter F. Stewart, PhD*

THE TRIPLE AIM:

POPULATION HEALTH, EXPERIENCE OF CARE, PER CAPITA COST

OUTCOMES

DATA ETHICS &
BARRIERS PRIVACY

REGULATION &
CERTIFICATION

EDUCATION &

TRANSPARENCY TRAINING

ELECTRONIC HEALTH CARE
PREDICTIVE ANALYTICS

TECHNOLOGY

PLATFORM

HEALTH CARE DELIVERY SYSTEM
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Predictive Models to Focus on Clinical Quality &
Performance Metrics

30 Days 90 Days 5 Years

= Readmissions Short-Term Diabetic Chronic Kidney
All-Cause Complications Disease

= CHF Pediatric Asthma Preventable

- AMI Utilization Admissions

. PNA Cancer Screening

HIV Followup
Cirrhosis
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e Care transformation

* Improving care coordination, symptom management,
palliative care, and end of life care

* Recognizing depression and distress in cancer patients
« Addressing financial toxicity

* Improving communication with patients and other
providers

ropristary & Confidential© PCCI ONCOLOGY CAREMODEL  https://innovation.cms.govV/initiatives/oncology-care/



Machine Learning Pipeline
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Modeling Framework

Description Status

Step 1:
Step 2:
Step 3:
Step 4:

Step S5:

Review and Approval

Step 6:

Code Review

Governance Review
and Approval

Step 7:

. Step 8:

Define the scientific problem and outcome variable INP/Obs/ED 30d after a visit for IV chemotherapy
Literature Review and Acquire subject matter knowledge

Define and acquire the dataset Gl chemo active therapy from Composite

Data cleaning and processing

Modeling and evaluation strategy Random Forest Model, evaluated on test population of unique patients

Expert panel reviews and approves the modeling and evaluation strategy PCCI and Gl team ( Dr. Cox and Dr. Karri )

Model development Patient with upcoming week Gl chemo : deliver (HIGH/MED risk)

Composite Data Pull + local R process = xIs report

Code review for data source, data processing and model Initiated

implementation

Expert panel reviews and approves the model for deployment

Model deployment

Model performance, outcome, and cost effectiveness evaluation;
maniticcrint nrenaration
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. @
Predictor set .4

e Windowed transformation on administrative data

 Time windowed , Min/Max functions on LOINC defined laboratory

 Time Window and trend functions on Vital signs

e Socioeconomic/Demographic data

 Oncology treatment related variables
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The data is split on the patient level (algorithm based on patient identifier).
Train data is ~ 50% of patients,

test is ~ 30% of patients

holdout is ~20% of patients.

A random forest regression model was built on binary output of
hospital(emergency, observation or inpatient) with 30 days of scheduled
chemotherapy administration. Forest tuning was performed to maximize c-
statistic on test data set. Variable selection was performed by automated
forest variable importance selection and clinical judgement.

R libraries - randomForestSRC 2.2.0.
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Patients with top 20% risk Report Ran on 2017-01-11

Proprietary & Con

R Demographics Scheduled Treatment Stage Clipping
ded Sex
MREN Patld Name Age F=1 Treatment Date Treatment Plan Mame Stage
'1 85 1 GI OCTREOTIDE EVERY 28 DAYS SP1 L " :pT3M2a And excised r;pT3N2a  B. Rectum
'2 60 2 Gl FOLFIRI {IRINOTECAN/FLUOROURACIL/LEUCOVORIN) EVERY 14 DA ™ i "1 pT3N2a And excised r;pT3N2a  B. Rectum;pT3N2aMo |
'3 55 1 Gl FOLFIRI {IRINOTECAN/FLUOROURACIL/LEUCOVORIN} EVERY 14 DA "1 (TANOM1) Appendiceal
'4 35 1 Gl FOLFIRI {IRINOTECAN/FLUOROURACIL/LEUCOVORIN) EVERY 14 DA . :(TANOML) Appendiceal
t5 75 1 Gl FOLFOX WITH BEVACIZUMARB EVERY 14 DAYS . pT4aN1cMlb (multiple
Treatment History Hospital History I Diagnosis Labs past 2
C78-
C15- C19- C23- c24- secondary Cc79-
Firstchemo  Daysfrom first N days chemo N Hospinlast NHospinlast = esophagu C16- C17-small C18- rectosigm C20- C22- liver gallbladde biliary C25- c77- resp  secondary
date chemo administered N Regimen 90 days 365 days 5 stomach intestine  colon oid rectum C21-anus bile r tract pancreas  lymph digest other
0 1 1 0 4. 1
r r r r r
i B ?stage 280 16 2 2 18 1 1 1 1 1
942 28 2 2 5 1 1 1
r r r
945 29 2 2 3 1 1 1
47 5 2 2 3 1 1 1
r r r
b b 1
9 days, 9999 = missing
CREATINI MONOSA NEUTROA NEUTROA
Pain_min_ Pain_max ALB_max_ CALCIUM_ CALCIUM_ HGB_max MNE_min_2 HCT_max_ HGB_max BS_min_2 BS_min_2 BS_max_2 RBC_max_
29 29 29 min_29 max_29 29 9 29 29 K _max 29 9 9 9 29
9999 9939 9939 9999 9939 9933 9939 9939 9993 9939 9939 9999 9939 9939
5 5 2.7 8 8.4 10.3 1.25 34.2 10.3 3.8 0.1 0.92 3.93 4.27
9999 9999 3.2 8.4 8.5 8.4 2.96 27.6 8.4 4 9939 9999 9999 2.87
99399 9999 3.2 3.4 8.5 8.4 2.96 27.6 8.4 4 9999 99399 9999 2.87
9999 9999 4.1 9.5 9.7 11 1.21 33.9 11 3.4 0.44 1.5 211 4.02
Comments
Advance directives (
Real
appointm Dose -
Adv.Dir.D Pow. Att.D Liv.will.D Oohdnrda Ment.Hea Ment.Hea ] ‘Ent lTr‘ansfer I lHnId Te‘ductinn lATPViSit T |NF ‘R‘Nwm |R|N Gl T (‘}ther . ?
Adv.Dir ate Pow.Att ate Liv.will ate Oohdnr te Ith Ith.Date I |7\ |7| \7\ |7| \7| \7\ |7| "‘ -y = g
RECEIVED ' I_| Il Il I_| Il LI Il Il I_| v\
VES, NOTONFILE | Il Il Il Il Il Il Il Il Il =
DECLINED YES, NOT ON FILE | L Ll ] i il ] i 1 L Q
DECLINED YES, NOT ON FILE | Il Il Il Il Il Il Il Il Il -
| Il [ I_I Il II Il Il [ Il
| Il [ 1| Il Il Il Il Il Il
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DATA FLOW
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Cloud 9 Dashboard

Call Detail
Question Threshold Response

n Are you experiencing fever or chills? For yes press 1, for no press 2.

Have you taken your temperature? For yes press 1, for no press 2. 1: Yes

Please use the keypad on your phone to enter your temperature. Press the 100 97
pound key when finished.

Cloud

2 Have you had any nausea or vomiting? For yes press 1, for no press 2. 1: Yes 1: Yes

Please rate how much relief you are getting from your nausea medicine. If no 1: Little Relief ONo Relief

relief press 0, if a little relief press 1, if fair relief press 2 and if good relief

press 3.

Have you been feeling dizzy, faint, or confused? For yes press 1, for no press 2. 1: Yes 1: Yes

Please rate your pain on a scale of 0-10, with 10 being the worst pain. Please 5: Moderate pain 9: Worse pain

enter the number followed by the pound sign.

Please rate how much relief you are getting from your pain medicine. If no 1: Little relief DONo relief Timestamp Data Minutes
relief ;"" 0, if a little relief press 1, if fair relief press 2 and if good relief February 19, 2018 8:58 AM Acknowledged: Agent Donna Betts acknowledged report. 0
press 3.

= February 19, 2018 8:58 AM Note by Agent Betts, Donna : pt\'s BP low 0
Would you like to consider a change in your pain medicine? For yes press 1,

for no press 2. February 19, 2018 B:57 AM Report Action by Agent Betts, Donna : Notified the Dr of the patient issues 1
Are you taking your medications as prescribed? For yes press 1, for no press 2. 2: NO 1: YES February 19, 2018 8:57 AM Report Action by Agent Betts, Donna : Contacted patient/family for more information 10
Are you experiencing any bothersome side effects from your medications or 1: Yes 2: No February 18, 2018 3:08 PM Scan for alerts: Alerts found - notifying responsible contacts. 0
have you discontinued any of them? For yes press 1, for no press 2. February 18, 2018 3:08 PM Alert Notification Error: , - No contact methods defined. 0
Would you like ta record a message for one of our doctors ar nurses? For yes February 18, 2018 3:07 PM Ending Call: Survey Complete [Chemotherapy - Parkland Study) 0

press 1, for no press 2.

Begin recording after the beep. Please press the pound key when finished.
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Study Design & Results

Sent Reached # MRN # Visits # Average Average
Outcomes Predicted Observed
No 201 444
Yes No 121 278 61 0.16 0.22
Yes 129 418 68 0.14 0.16
All 205 959
now
3 months

Reached ::: picked up the phone within 0-4 days of treatment date
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Recommendations

Presenter Name
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1. Data Barriers: Establish mechanisms within the scientific community to support data sharing for
predictive model development and testing.

2. Transparency: Set standards around e-HPA validation based on principles of scientific transparency
and reproducibility.

3. Ethics: Develop both individual-centered and society-centered risk-benefit approaches to evaluate
e-HPA.

4. Regulation and Certification: Construct a self-regulation and certification framework within e-HPA.

Education and Training: Make significant changes to medical, nursing, and paraprofessional curricula

by including training for understanding, evaluating, and utilizing predictive models.
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THE TRIPLE AIM:

POPULATION HEALTH, EXPERIENCE OF CARE, PER CAPITA COST

OUTCOMES

DATA ETHICS & REGULATION & EDUCATION &
DOMAI N BARRIERS PRIVACY TRANSPARENCY CERTIFICATION TRAINING

ELECTRONIC HEALTH CARE

TECHNOLOGY PREDICTIVE ANALYTICS

PLATFORM

HEALTH CARE DELIVERY SYSTEM

Ohno-Machado L, Ram S, Saria S, Schilling LM, Shahi A, Stewart WF, Steyerberg EW, Xie B. ‘v
EGEMS (Wash DC). 2016 Mar 7;4(1):1163. =
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THE HARD PART 1S INVENTING
THE CALF SHIELDS.

httn://xkeced com/1382/
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