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Public health challenges

| Health datais vast, multi-modal, and siloed and non-
interoperable. Gaining knowledge is labor intensive and error
prone

Need to build capacity for a unified public health view that is
ready for analysis and intervention

What we hear from
customers:

During public health threats data velocity increases and data
volumes can grow rapidly

Make data actionable using Al/ML and advanced analytics on
disparate data

Storing and organizing data so that researchers can access,
study, and cross-referenceit to facilitate health related
breakthroughs

Health disparities continue to widen and health equity remains
a challenge
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Breaking down silos and improving interoperability

ﬂl ﬂ] Modern health data platforms
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AWS HealthLake

A MANAGED, SECURE, HIPAA-ELIGIBLE FHIR STORAGE, TRANSACTIONAL, AND ANALYTICS SERVICE

Store clinical/claims data using interoperability standards

T Store patient medical history from multiple data sources in the normalized common data
model (FHIR-based) format

Transactional FHIR Build highly scalable interoperability solutions to meet regulatory
server to power @ needs

Leverage HealthLake Patient Access APls and Bulk FHIR APIs to meet the 215 Century
2 - a Cures Act for patient access and interoperability requirements
clinical applications P perabilty reg

Build secure applications using SMART on FHIR
Q) Build patient360 end user clinical applications by integrating with OAuth2 compliant
authorization service and securely access HealthLake data
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AWS HealthLake

A MANAGED, SECURE,

Unlocking the
potential of your
health and science
data at scale
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HIPAA-ELIGIBLE FHIR STORAGE, TRANSACTIONAL, AND ANALYTICS SERVICE

Automatic transformation of FHIR data to analytics format
Empower healthcare analysts to query HealthLake FHIR data using SQL

Simplify extraction of medical information
Built-in Comprehend Medical to extract medical information from unstructured medical
text for easier search and query

Apply analytics and ML on health data
Make predictions and identify trends with health data using Amazon SageMaker machine
learning models and Amazon QuickSight analytics



AWS HealthLake analytics and Al/ML integration

NATIVE INTEGRATION WITH ANALYTICS SERVICES ENABLED THROUGH SQL ACCESS TO DATA WITHIN AMAZON
HEALTHLAKE OR RETRIEVING DATA FROM AMAZON S3

Structured and

unstructured data a4

EHR
Claims !%Qéﬂ Healthdata.gov
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Create, read, update, delete, search

Bulk import and Export from partners

il
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AWS HealthLake

Amazon S3

Large documents, images,
public datasets...
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Generative Al

Reports,
Summarization,
Q&A



Generative Al for
Public Health




Question: What is generative Al?

e Creates new content and ideas, including conversations, stories,
images, videos, and music

e Powered by large models that are pretrained on vast corpora of data
and commonly referred to as foundation models (FMs)
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Generative Al is used for a wide range of public health use cases

Research Data analytics
and discovery

Multi-modal

data analysis
Automated report

Patient to trial generation
matching

Generate synthetic data for
testing

© 2023, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Analytics and visualization

Operational Citizens
Efficiency Experience

Intelligent document Patient outcome
processing prediction

Document Q&A and
summarization

Personalize patient discharge
instructions and treatment
plans

Digital
Health

Patient care
concierge

Chatbots



Q&A with research data

Kendra Results

Amazon HealthLake ChatBot

11

DocumentExcerpt:
c I Expenence gretol
How many patients who took the medication carbamazepine died? s

mon adverse reactions s NI atment, particu

phases of therapy, were ¢ s, dro nes. 1o nau

DocumentURI:
https://s3 us-east-1.amazonaws.com/healthiakebot/rx_labels/dda2d8e6-a918-Acfe-
a9cf-195ab73¢7587 xml

- 1 patient who took t edication carbamazepine died.

ScoreConfidence:
Search FDA labels for the most common adverse reactions seen with carbamazepine VERY_HIGH

treatment

The most common adverse reactions seen with oral carbamazepine tment,
particularly during the initial phases of therapy, were dizziness, drowsiness,
- unsteadiness, nausea, and vomiting

DocumentExcerpt:

ad

an recommen
Wave inve
DocumentURI:

https://s3 us-east-1 amazonaws com/healthlakebot /rx_labels/dda2d8e6-a918-dcfe-
29cf-195ab73¢7587 xml

Search FDA labels for the most adverse r ons seen with car

ScoreConfidence:
MEDIUM

Traceability into decision making
and data generation
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Gather new insights from of unstructured data with RAG

Patient Discharge Summary
Nat-A Real H , Department of Family ¥

Patient Narne: John Doe
Patient ID: NARH-36640

Gender: Male

Attending Physician: Mateo Jackson, Pho
Admit Date: 07-5ep-

Discharge Dute:

Discharge r:

Diagnasis

35 yo M
ent

0 stemach problems sinc
s enigastric abeon

sisting / Developed Conditions
Impacting Hospital Stay:

ric mucosa that is surrounded and undertying by a

Prss appears to have an approximately 1.5-cm vlcer

from the underlying tumor. The underlying mass

o consist of several different patterns. A single area
& 2 fairly uniform appearance whereas; other

arance. Areas of yellow necrosis are scattered

e neoplasm. The cells are in part arranged in fascicles
feoll in some areas, the fascicles have an interwoven
bt necrosis with the cells appearing to be surrounded
The lesions appear circumscribed, although not
full thickness uiceration, The tumor immediately
3t spindled growth pattern. Some areas of the
d appeacance. The cells appear 1o be arranged in

N i I These areas also show & prominent mitotic activity.
I||| Eﬁh | m‘?&lﬁil‘ ||| s numerous relatively open vascular channels which
! L and in some areas appear to be nearly covered
entin, Smooth muscle actin, Desmin, Synaptophysin,

Comment
immunostains were performed on the core biopsy and demonstrate that the tumor cells are positive for CD117. The
findings are consistent with the sbove diagnosis.
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Search across large volumes of documents

Use natural language to identify important sections of
relevant documents

Summarize key points in unstructured records

Allowing analysts to quickly comprehend large
amounts of data

Add insights from unstructured data to

improve machine learning

Augment structured data with key insights from
unstructured records
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Create Bl dashboards with Natural Language

A NEW DASHBOARD BUILDING EXPERIENCE POWERED BY GENERATIVE BI

Natural language visual creation

Use vague or precise language to generate and add
visuals to a dashboard

Sheet1 V. +

Sum of Sales and Sum of Profit by Order Date
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©
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-
=
v
&

Quick calculations

Accelerate analysis by easily creating calculations
without looking up or learning specific syntax

QW™ E R MWW
b ®m ok EE D
U =N )

Order Date (Month)

Monthly Change In Free Trial Signups by Order Date

Visual fine-tuning

Tailor visuals by describing the formatting changes in
natural language

Monthly change in free trial signups (Cus...
1

A,
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Data stories and reports generated in and by QuickSight

IMPACTFUL DATA STORYTELLING TO DRIVE ACTIONS AND INSIGHT SHARING WITH PARTNERS

2 +
[ad QuickSight | ¥ Unblocking Revenue Growth ASK @ @ R

vl g et view

Generate stories using Al

Generate cohesive, powerful, and insightful narratives analyzing
data with only a few words

Unloeking Revenue Growth

Create refined content How to Identify and Convert Your P -

Most Valuable Free-Trial Customers

Describe the story you want to tell in simple language.

Control Al verbosity, customize narrative text, and apply
stunning visual themes to bring content to life

Visuals will be picked from pinboard £

Create a narrative that can help sales teams identify the
free-trial accounts that are most likely to convert to
paying customers. Use number of usage sessions as the
driving factor for the strategy but also include sales data

Interpret data for others |
Help others derive meaning from data and reach conclusions Select the theme fo your tory

9 a0 ]
to drive decisions S —

Governed and always up to date

Quickly and easily share with people who already have
access to the data and update data any time

Introduction

Understanding Usage Sessions
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CHOP Accelerates Pediatric Research Using AWS-Powered Data

Resources

Challenge:

The Children’s Hospital of Philadelphia (CHOP) wanted to address the challenge of storing and
organizing increasing amounts of clinical data so that researchers could access, study, and
cross-reference it to facilitate medical breakthroughs.

Solution:

CHOP used AWS to build the Gabriella Miller Kids First Data Resource Center (KFDRC),

a transformative healthcare discovery solution for multi-disciplinary care. The Center harnesses
genomic, clinical, and imaging data to derive insights for children globally across a wide spectrum of
diseases.

Benefits:

» Provides the research community with access to genomic and associated clinical data
* Indexed 1.5 PB of genomic, clinical, and imaging data within 1 year
* Increased KFDRC's collaborative potential

AWS health
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€|..| Children’s Hospital
d 1 of Philadelphia-

“Our entire system is built on AWS... we
went from zero to managing a few
petabytes of genomic data within a year
using this setup.”
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Rush University System for Health Creates a Population Health
Analytics Platform on AWS

N & RUSH
Rush University System for Health (RUSH) is committed to addressing the underlying causes of the 16-year \l,

life expectancy gap among minority and lower-income residents of Chicago’s West Side. RUSH sought to
build a comprehensive analytics solution to identify and inform scalable interventions for equitable
healthcare based on clinical, cardiometabolic, and social needs.

“We have a great opportunity to start

Solution: s _

With support from Amazon Web Services (AWS), RUSH developed the Health Equity Care & Analytics brmgmg in more data from different
Platform (HECAP). This platform transforms, aggregates, and harmonizes data from different sources to sources and use the power of AWS to
reflect the complex interplay of clinical and social factors on patient health. scale massively across our system,
Benefits: significantly benefiting the care of our

. . . »”
* Aggregates data from multiple sources using HIPAA-eligible services patients in Chlcago.

* Builds a complete patient profile using clinical, social, and patient-generated data
* Produces risk scores and prediction modeling to guide clinical and community intervention
* Advances health equity for minority and underserved patient populations

Learn more
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https://aws.amazon.com/solutions/case-studies/rush-case-study/

dWS

Let’s derive new insights by co
health data in AWS HealthLak .
FHIR environmental data
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Use Amazon S3
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Import files
from an
Amazon S3
bucket into
AWS

HealthLake
data store
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[ A0 Healthlake |us-east-1 %+

08 = amazon.com;

AWS Healtl Data Stares patientdata Impart
Import
Import settings
Data Store ID Data Store name
£14552d620ba0eSh768e43ed296e1064 patientdata

Input data info

Risks when using Protected Health Information (PHI) as an identifier

FHIR resource identifiers are used to refer to a specific FHIR recard and can form part of the FHIR endpoint.
Endpoint URLS can be logged by local browser history, intermediate web proxies, and web server logs,
which are not encrypted. We recommend that you create an identifier free of PHI because it may form part
of the endpoint URL.

Input data location in 53

Q Browse 53

Import output files i

ation where your import output files wil be writte:

Import output files location in 53

Q Browse §3

Impart output files encryption  Info
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Use patient
demographics
dataset to
visualize the
demographic

snapshot of
patients. Get
insights on age,
race, and gender




Visualize the
location of the
patient
population
from the zi

codes table
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lud patientdemographics analysis %
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Visualize joined
FHIR FHIR and

File  Edit  Data

Dataset
il
Vit patientasthma

Fields list
v
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Visual of
population
demographics
with combine
FHIR and non-

FHIR data
sources

AWS health
N—

2023, Amazon Web Services, Inc. or its affiliates. All rig

[ad petientdemographics snalyss X+

uickSight ¢ patientdemographics analysis

Edit Data lnsert Sheets  Objects

y patientasthma ~~ V

Fields list

Parameters

1Y

g

Themes

Settings

amazon.com,

Sheet 1

Count of Records by Race

Race

Group By: race

Week Number

Sum of A ktotal and Sum of Total, by
Ll
£
n ¢ @
E -]
2 g
3 H
7 g
2 o« « 0§
3 4
H £
? g
o : 3
: B
AP OIIISLLRDPPERLIP L PO ISP PD

Group By: weekNumber

Count of Records by Gender

Group By: qender

Count of Records by Postalcode and Patientid

L]
o *°
L)
L ] = ]
®
°
® L3
&
° §oe
4 °
°
L
L ]
°o Anaheim | |
(]
ndfBeach
° Santa A

Gender

Patient Id




Next steps
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How to get started

gt

&4
2]
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Schedule a technical deep dive
with AWS Healthcare SMEs and Solution Architects to enable a well-architected design

Develop and deploy a proof of concept
implementation with AWS and APN partners

Training
to educate your workforce in supporting population health infrastructure

© 2023, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Thank you!

Henrik Balle Marc Etone Nkwelle

henballe@amazon.com metonenk@amazon.com
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FHIR based data sharing across the Interconnected Public Health
Ecosystem

States, tribes, localities,

territories
Yy 8 <C. . (STLTS)
] =
p Data Lake N
Ty
WgrF
/ N &7 Federal public health
= (CDC, Federal partners)
y B «, Y <.\
: = 1\
G Data Lake .. (
v == )
\(‘FH\R
@ &
Healthcare S I

(Labs, Providers) \) 8
8 Public
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How foundation models differ from other ML models

4 A
pemememeeeme=ee 1 peoesesee=e=eee 1 I’ """"""" 1 I' """"""" 1
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1 | 1 | 1 1 1
1 1 1
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data extraction data model
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Visualize patient and population data in QuickSight

Longitudinal pat

ient das

oard

Risk stratification for population
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Select a Patient
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Medication

Chlarpheniramine Maleate 2 MG/ML Oral Solution
2

s

9 30 60 500150

—
O 2 f =

<
100
0
00

Amexiilin 250MG / Clav

Acetaminaphen 300 MG / Cadeine Phasphate 15 MG Oral Tablet

Medication

Date Prescribed Medication Code  Medication Description

Clinical Data Summary

Condition Code

528

Observation Date
Dec 20, 2022

Apr 5,2022

Apr 5, 2022

Dex 20, 2022 477,045  Chlorpheniramine Maleate 2 MG/ML Oral Solution
Dec 20, 2022 562,251  Amonicillin 250 MG / Clavulanate 125 MG Oral ...
Dec 20,2022 993,770  Acetaminophen 300 MG / Codeine Phosphate 15 ...
Dec 20,2022 993,770  Acetaminophen 500 MG / Codeine Phosphate 15 .
Dec 20, 2022 1,860,491 12 HR Hydrocodone Bitartrate 10 MG Extended

AWS health
~—

Upton904 Abe604 57

Not Hispanic or Latino

Condition

Condition Description

Other chronic sinusitis

Obs Category Desc Observation Code
ull ROS
null ROS.8
null RS0.9
Procedure Date
active Dec 20, 2022
active Dec 20, 2022
active Dec 20,2022
stopped [ ] De 20, 2022
active Dec 20, 2022

Allergy Type

allergy

Male
White

Allergy
Allergy Gritcality

tow

Observation
Observation Description
Acute cough
Other specified cough

Fever, unspecified

Procedure Name

Assessment of amiety (procedure)

Service Provider

Boston

Bedford

Nashua
Springfield
b Providence
Encounter
Date Text
Dec20,2022  Encounter for symptom
Apr 5, 2022 General examination of ..
May11,2021  Administration of vaccine
Apr13,2021  Administration of vaccine
Observation Value
null
null
null
Procedure

Assessment of health and social care needs (procedure)

ssessment of substance use (procedure)

Assessment using Alcahol Use Disorders Identification Test - Consumption (procedure)

Depression screening (procedure)

© 2023, Amazon Web Services, Inc. or its affiliates. All rights reserved.

Status.
finished
finished
finished

finished

Pk sathcscon

Risk Stratification Dashboard

Risk Category

Borderine

High
020K (9%)

Itermedia
0672

Patients with hypertension

L 262K

Risk level by patient

RiskCategory  Name

Bordertine (| Abbott774 Shyla233
Bordertine (| Arevalo970 Lucasd04
Bordertine Averd7 Agnus790

Low
131K (

RaceName
White
Vihite

Black or African

Riskcategory

Patients with diabetes

Al/ML Automatic Insights

Top 3 riskcategory for patient population are:

262K
]
Gender  Age
female 64
male 56
female 73

. with 1,308

. with 666

. with 281

Smokers
"o
N

Smoking Diabetes
Ex-Smoker No
Ex-Smoker No
Never Smoked .. No

Hl

31 mg/dL
52mg/dL
32mg/dL

TotalCholesterol
170 mg/dL
267 mg/dL

132 mg/dL

Patients with Risk Category by City

8

133 mm{Hgl/72 mm(Hg]
99 mm{Hg)/81 mm{Hg]

118 mm{Hg)/80 mm{Hg)

ooz 5 .

Riskcategory

0ct 18,2009
Jun'6, 2022

Sep 20,2021
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Public Health with AWS HealthLake Demo Architecture
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Synthetic data in FHIR format

3]

Amazon QuickSight

Amazon S3

Air Quality data in non-FHIR format Machine learning
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