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Core Objective: Trustworthiness of Evidence

Transparency: necessary but not sufficient
> Do | have all the details? Do | trust the people who ran this study? Are they hiding anything?

(Computational) Reproducibility
> Do | trust the execution of the study? Do | trust the computational results?

Replicability

° Dol trust the findings are true beyond this one study?
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The

Economist

MAY 6TH-12TH 2017

Crunch time in France
Ten years on: banking after the crisis
South Korea’s unfinished revolution

Biology, but without the cells

The world's most
valuable resource
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AN Y

WiIKIPEDIA

The Free Encyclopedia

Main page
Contents

Featured content
Current events
Random article
Donate to Wikipedia
Wikipedia store

Interaction

Help

About Wikipedia
Community portal
Recent changes

Article Talk Read Edit View history

Data-driven

From Wikipedia, the free encyclopedia

The adjective data-driven means that progress in an activity is compelled by data, rather than by intuition or by personal experience.
Data-driven may refer to:

e Data-driven programming, computer programming in which program statements describe data to be matched and the processing required
e Data-driven journalism, a journalistic process based on analyzing and filtering large data sets

o Data-driven testing, computer software testing done using a table of conditions directly as test inputs and verifiable outputs

o Data-driven learning, a learning approach driven by research-like access to data

o Data-driven science, an interdisciplinary field of scientific methods to extract knowledge from data

e Data-driven control systems, systems of automatic control based on system identification
o Data-driven security, a form of model-driven security
o Data-driven marketing, a form of digital marketing
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Data — Information -
Knowledge

Data
° raw observations, objective facts

Information
o data in meaningful context
Knowledge ;
Knowledge
f . o understanding about the world
I n Ormatl On o explicit, codifiable (e.g., guideline)

° tacit, not codifiable (e.g. expertise)

o process knowledge, i.e., put in a central line

o useful for explaining, predicting, and guiding
future action
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D-I-K Example

Data
° HgbA1C value 10.1%

Information
o occurred last Thursday
° 10.1% is above normal

Knowledge

Knowledge
> high HgbA1C occurs in diabetes

o associated with higher risk for cardiovascular
outcomes

Information

Evidence?
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Evidence : basis for a claim of knowledge
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Evidence : data + study design + analysis
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“Best”

. - + ign + '
Evidence per-protocol data + RCT design + ITT/meta analysis

o

RCTs

Prospective Cohort

Case control

Case series
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Real-world designs: pragmatic
trials, N-of-1, observational
studies

Real-World Evidence : data + study design + analysis

Big data: genomics, imaging; data mining,
Real-world data: EHR, claims, predictive analytics,
registries, mobile health (patient- natural language
reported outcomes, wearables, loT) processing (NLP)

1
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FRAMEWORK FOR FDA’'S

REAL-WORLD
EVIDENCE
PROGRAM

Real-World Evidence (RWE) is the clinical evidence about
the usage and potential benefits or risks of a medical
product derived from analysis of Real-World Data (RWD).

technical amendment in Section 901 of the FDA Reauthorization Act
of 2017 (Public law 115-52)




How do we think about trustworthiness of
real-world evidence?




“A scholar’s positive contribution is measured by the sum of the original data
that he contributes. Hypotheses come and go but data remain. Theories
desert us, while data defend us. They are our true resources, our real estate,

and our best pedigree.”

Santiago Ramdn y Cajal, 1897




Real-world designs:

embedded in routine care or
patients’ daily lives

Real-World Evidence : data + study design + analysis

| |

Real-world data mining,

mobile health predictive analytics,
data natural language

processing (NLP)

September 9, 2019: I. Sim FDA SCIENTIFIC COMPUTING DAYS




mHealth

The application of wearable
and ambient sensors, mobile
apps, social media, and
location-tracking technology
singly or in combination to
obtain data pertinent to
wellness and disease
diagnosis, prevention, and
management.

Sim I. Mobile Devices and Health. N Engl J Med
2019;381:956-68.

IELVETS y 24, 2020: I. Sim
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Frontiers in Medicine

Mobile Health

A VIDEO FROM

Mobile Devices and Health
by Ida Sim

10.1056/NEJMra1806949




https://www.nejm.org/do/10.1056/NEJMdo005587/full/?requ
estType=popUp&relatedArticle=10.1056%2FNEJMral1806949
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Cloud M11014

~ 10
« Motion sensor Y1001
« Smart thermostat Wlotlc
<
« Ingestible sensor 010

« Wrist sensor \

Digital Biomarkers

Digital biomarkers are physiological
and behavioral measures collected
by means of digital devices such as
portables, wearables, implantables
or digestibles that characterize,
influence or predict health-related
outcomes

A/
\/
Smartphone

o

Wearable sensors

Smart thermostat Smart motion sensor J

Sim I. Mobile Devices and Health. N Engl J Med 2019;381:956-68.
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Digital Biomarkers: Assumptions

Many new digital biomarkers will be defined

From new sensors and new patient-reported outcomes (PROs)

Continually changing hardware and software

Increasingly digital biomarkers that combine output from multiple sensors/sources

Data will flow far and wide to multiple actors for multiple purposes

BMTS 2020
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Example RWE Studies using Digital
Biomarkers

RWE studies of
° a anti-hypertensive: measuring blood pressure remotely as a primary outcome

(e}

an anti-hyperglycemic: measuring weight remotely as a secondary outcome

° a proton pump inhibitor: measuring depression through patient-reported outcomes (PROs) as
a side effect

(e}

a Parkinsons drug: measuring gait / mobility as a primary outcome

(e}

real-world performance monitoring of a heart rate device: measuring heart rate variability
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How do we think about trustworthiness of
digital biomarkers?




Real-World
Sedative
Effectiveness
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Sedative + DSS

g 8@ ;
500 people g

1000 people O

g g

. 500 people .

“Sleep”

_/

° A company is conducting a real-world study on the

effectiveness of their approved sedative
° real-world pragmatic design

o using real world digital biomarkers collected using a mobile sensor in
people’s nightly lives in the comfort of their own bed

° supporting the clinician with a decision support system in prescribing
the sedative when insomnia is detected

> What do we need to know to trust this study?

BMTS 2020



Categories of
Digital

Biomarker
Metadata
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Datapoint (may be a single
observation or a computed
biomarker)

Source

Acquisition / Processing

Attribution

Privacy

Description of the datapoint
itself

From what sensor(s) did the
datapoint come?

How was the datapoint
acquired? processed?

What app or product
provided this datapoint?

Who can access, when, why;,
for what
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What app or product
provided this datapoint?

Description of the datapoint
itself

Who can access,
for what

when, why,

What did the datapoint come
from?

BMTS 2020




Datapoint (may be a single
observation or a computed
biomarker)

Description of the datapoint

itself

Categories of . i
Metadata:

Datapoint . y
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“Sleep” Digital Biomarker

QUESTIONS METADATA QUESTIONS FOR TRANSPARENCY

What is the measure? Sleep duration? Sleep quality? Sleep refreshment?
How is the measure defined? Time in bed? asleep? with/without microawakenings?
Validity Comparison to a gold standard

Error Difference from “real” value

Natural variability Variability within and among individuals

Uncertainty / confidence Probability that the person is asleep

Bias Systematic errors, e.g., from skin color

Identity Whose sleep duration is this?

Context In own bed? After jetlag?
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Unstandardized Sleep Datapoint Example

"sleep": 7.5
"date": 2019-04-05




Open mHealth Sleep Datapoint Example

average sleep duration per day, in hours, from January 1, 2019 to April 5, 2019
{

"sleep duration": { Open mHealth
"value": 7.5, o
"unit" : Ilh"

by

"effective time frame": ({
"time interval": {

"start date time": "2019-01-01T07:25:00zZ",
"end date time": "2019-04-05 T07:25:002"
}
b

"descriptive statistic": "average”
"descriptive statistic denominator”: “d”

}
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Digital Transparency §2§ Open mHealth
Landsca pe data and metadata standards

{

Header/min metadata
}
{

Body: datapoint

1
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Digital Transparency §g§ Open mHealth
Landsca pe data and metadata standards

{

Header/min metadata

}

{
Body: datapoint
}

Study
Protocol

Data
Sharing
Polic

1
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From what sensor(s) did the

Source :
datapoint come?

Categories of . i
Metadata:

Source \ )

Januar: y 24, 2020: 1. Sim BMTS 2020



Digital Transparency §2§ Open mHealth

Landsca pe data and metadata standards
{
Header/min metadata
}
{
Body: datapoint
}
Study
Protocol
Data
Sharing
@ Polic
ol Smar|
Thle:-mometrer i loT Motion
"""""" =~ | Sensor
Weist Hardware E.g., HL7 FHIR Device Definition and others
%‘7’“” Datasheet
upI FDA UDI (Unique Device Identification) System
Smartphone
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http://hl7.org/fhir/devicedefinition.html

Categories of
Metadata:

Acquisition/
Processing

Januar y 24, 2020: I. Sim
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Acquisition / Processing

How was the datapoint
acquired? processed?




Digital Transparency Software §2§ Open mHealth

Datasheet
Landsca pe data and metadata standards
Dataset
& ML {
el Fi / Header/min metadata
Irmware }
Data stream(s —} .
4 (5) algorithm { ‘
Body: datapoint
}
Study
Protocol
Data
Sharing
@ Polic

loT Smart
Thermometer

i loT Motion

=~ | Sensor

wiist Hardware
Datasheet

sensor

uDlI

Smartphone
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Software Datasheet

Algorithm method and version
° Input data streams

° Training data

o description of the data that the model was trained on (e.g., Datasheets for Datasets, Dataset Nutrition
Label)

Performance
° E.g., average PPG HR accuracy for person with a specific skin tone

Describing validation and verification
> by the manufacturer and/or independent 3™ party

° if and where open data set is available for testing reproducibility

January 24, 2020: I. Sim BMTS 2020



https://arxiv.org/pdf/1803.09010.pdf
http://datanutrition.media.mit.edu/

Dataset Nutrition Label

Dataset Facts

ProPublica’s Dollars
for Docs Data

Metadata

Filename 201612v1-docdollars-product_payments
Format csv
Url hitps://projects.propublica.org/docdollars/
Domain healthcare
Keywords Physicians, drugs, medicine, pharmaceutical, transactions
Type tabular
Rows 500
Columns 18
Missing 5.2%
License cc
Released JAN 2017

Range
From AUG 2013
To DEC 2015
Description Tnis Is the data used In ProPublica’s Dollars for Docs news application. It is primarily based on CMS's Open Payments data, but we have
added a few features. ProPublica has standardized drug, device and manufacturer names, and made a flatened table (product_payments)

that allows for easler aggregating payments assoclated with each drug/device. In [1], one payment record can be attributed to up 1o five
difterent drugs or medical devices. This table flattens the payments out so that each drug/device related to each payment gets its own line.

https://ahmedhosny.github.io/datanutrition/
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https://ahmedhosny.github.io/datanutrition/

Dataset Nutrition Label

Provenance

Source
Name U.S. Centers for Medicare & Medicald Services
Url mps:f’/www.cms.qov;'ODanParvments-'
Emall openpayments 2cms.hhs.qov

Author
Name Propunllca
Url https://www.propublica.org/datastore/
Emall data.store @ propublica.org

January 24, 2020: I. Sim BMTS 2020




Dataset Nutrition Label

Statistics

Ordinal

name
id
applicable_manufact...
date_of_payment
general_transaction_id
program_year

Nominal

uniqueEntries
488 including missing
4
213 including missing
467 including missing
2 including missing

mostFrequent
missing value (13)
100000000232 (417)
missing value (27)
méssing value (34)
2014 (495)

leastFrequent
multiple detected 2.60%
multiple detected 0%
multiple detected 5.40%
multiple detected 6.80%
missing value (5) 1.00%

missing

name
product_name string
original_product_name string
product_ndc number
product_is_drug boolean
payment_has_many  boolean
teaching_hospital _id  number
physician_profie_id number
recipient_state string
applicable_manufact... string
teaching_hosp#tal_ccn  number
product_shug string

Continuous

uniqueEntries
16 including missing
15
21 including missing
2 including missing
3 including miéssing
2 including missing
230 including missing
40
5 including missing
2 including missing
15 including missing

mostFrequent
Xarelto (200)
Xarelto {212)
5045857810 (201)
t(492)
f (267)
0 (484)
missing value (32)
CA (56)

leastFrequent
Aciphex (1)
Aciphex (1)
multiple detected
missing value (8)
missing value (29)
missing value (36)
multiple detected
multiple detected

Janssen Pharmaceut... multiple detected

0 {481)
drug-xaralto (196)

missing value (19)
drug-aciphex (1)

missing

name type
total_amount... number

Discrete

median

14.00

standardDewi... missing
501.99 9.40%

name type
number_of_p... number

median

standardDewi... missing
0.00 4.80%

January 24, 2020: I. Sim
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Dataset Nutrition Label

Variables
Id A unique ID number for this payment & product combination. This Is assigned by ProPublica for Internal use

Applicable_manufactur 1D of the applicable manutacturer or submitting applicable GPO making the payment or other transfer of value
er_or_appllcable_?po_
making_payment_id

Date_of payment It a singular payment, then this Is the actual date the payment was Issued; If a series of payments or an aggregated set of
payments, this Is the date of the first payment to the covered reclplent In this program year

General_transaction_id System-assigned identitier to the general transaction at the time of submission

Program_year The calendar year for which the payment Is reported In Open Payments

Product_name Derived from the ‘name_ot_assoclated_covered_drug_or_bilologicalX' tield (for drugs) or
‘name_ot_assoclated_covered_device_or_medical_supplyX' field (for medical devices). Where possible,multiple versions of the same

product are converted to the same product_name (1.e. records for 'Zorvolex 65mg’ and ‘Zorvolex 35mg' will be converted to "Zorvolex).

The orlginal value Is contained In original_product_name

Original_product_nam A copy of the original name_of_assoclated_covered_drug_or_biologicalX' tleld (for drugs) or
e ‘name_ot_assoclated_covered_device_or_medical_supplyX' tield (for medical devices)

Product_ndc It the product Is a drug, this a copy of the original 'ndc_of_assoclated_covered_drug_or_blologicalX' field

Product_is_drug T It the product Is a drug (contained In a ‘name_of_associated_covered_drug_or_biologicalX' tield). 'f' It the product Is a medical
device (contained In a ‘name_of_assoclated_covered_device_or_medical_supplyX' fieid)

Payment_has_many ‘t' if the original payment record Included data on more than one drug or device, .e.
‘name_of_assoclated_covered_drug_or_bilologicall' and 'name_of_assoclated_covered_drug_or_blologicalz’,
‘name_ot_assoclated_covered_device_or_medical_supply1' and 'name_ot_assoclated_covered_device_or_medical_supplyz',

etc.

Teaching_hospital_id Open Payments system-generated unigue identifier of the teaching hospltal receiving the payment or other transfer of value
Physician_profile_id 1D of the physiclan recelving the payment or other transter of value

Recipient_state The state or territory abbreviation of the primary business address of the physician or teaching hospltal or non-covered recipient
entity recelving the payment or other transfer of value If the primary business address Is In the United States

January 24, 2020: I. Sim BMTS 2020




Categories of .
Metadata:

Attribution X
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Digital Transparency Software §2§ Open mHealth

Datasheet
Landsca pe data and metadata standards
Dataset
& ML {
Details y Header/min metadata
Firmware }
Data stream(s —} .
> (5) algorithm { .
Body: datapoint
}
Study
Protocol
Data
Sharing
@ Polic
loT Smart i
Thermometer i loT Motion PrOdUCt
e B senor Datasheet

Wrist Hardware
Datasheet

Privacy
Policy

sensor

uDlI

Smartphone

Sedative Decision
Support

Completed Work.

Electronic Health Record
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Product Datasheet: ADviCE Package Insert

Software version

INVOKANA® Reg;;;ggﬂgé]o:z INVOKANA® (canagliflozin) tablets
. (canagliflozin) tablets, for oral use - Bef itiating INVOKANA, ; )
ADVI CE : U CS F_Sta nfo rd Ce nte r HIGHLIGHTS OF PRESCRIBING INFORMATION : Eﬂmwolee;:: II: :anr;qnls with renal a"s"s;s:mve:xm s 2Iderl

These highlights do not mcludo all the mlnmmuon nndnd to use

. " Monnor for signs and symptoms during therapy
Of EXCGI Ie n Ce I n Regu I atO ry INVOKAI'I(:O safely and y. See full p . is: Assess patients who prese; signs and symptoms of IE rgEt users
::‘rvl:‘lu '(‘k lifodin) tablets ororal mmboli%azndosns for kT;fvagtdosls rggefliless of blood glucose Ievel

. . KANA (canaglifiozin , for oral use suspected, discontinue .

Science and Innovation (CERSI) el US. Approva: 2013 i IWOGRA corsor
WARNING: LOWER LIMB AMPUTATION . o Desired implementation
Sl.l full p r ; for boxed warning. njpe approach
ilitati i igi T R b et g 5
[k ), .

Fa CI I Itatl ng a d O pt I O n Of d Iglta I lower limb amputations, most frequently of the toe and midfoot; s Monlor pge®ium levels in patients with img

. edlspnsed to hypevkalemna( 3
i g sand symptoms of
gafated (5.6)
p#® of insulin or the §
hypoglycemia whe:

also involved the leg (5.1)
« Before initiating, consider factors that may increase

hea |th Softwa re tOOIS by amputation. Monitor patients receiving INVOKAI

ulcers of the lower limbs, and discontinue if th

healthcare systems —

Boxed Warning

Warnings and Precautions (5.1)
INDICATIONS AND USAGE
INVOKANA is a sodium-glucose co-transporter 2
as an adjunct to diet and exercise to improve g€
type 2 diabetes mellitus (1)

Data on effectiveness or
safety (if any)

Mommr LDL-C and treat if appropriate (5.11)
-ADVERSE REACTIONS -

Privacy Policy: Where data

Limitation of Use:

« Not for treatment of type 1 diabetes mellitus or diabetic ketoacige® * m:::;“m:‘lzgnz‘;‘)’erf:m::“g'g:lsmfs:fv':;:f: l"’ﬂ;;’;;y{:/soxﬁm':n‘;’?ag & WhO owns da ta
--------------------- DOSAGE AND ADMINISTRATION, eemeeen e infection, and increased urination (6.1) ' 80. .

« The recommended starting dose is 100 mg ongs*®aily, taken before the ~ To report SUSPECTED ADVERSE REACTIONS, contact Janssen Is the tool actua”y used

first meal of the day (2.1) Pharmaceuticals, Inc. at 1-800-526-7736 or FDA at 1-800-FDA-1088 or
* Dose can be increased to 300 jngs®hice daily in patients
INVOKANA 100 mg once daily wH&have an eGFR of 60 mL/min/1.73 m2 or -

graater and require addmonal glycemic cnntrul 2.1) « UGT inducers (e

Lfiunati imisias diaall o

?
DRUG INTERACTIONS anywhere?

ifampin): Canagliflozin exposure is reduced. Cnnsuier

UNIVERSITY OF UTAH ASIAN & PACIFIC [SLANDER BlueShield

AMERICAN HEALTH FORUM

Accelerated Digital L MAYO S .
ADVICE | &z rieom X pans ok S T HEALTH + APIAHF + @ Bliegress, + [l 4
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Categories of
Metadata:
Privacy

a : Who can access, when, why,
Privacy
for what
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Privacy

Who can access which digital biomarkers when and for what?
o Study’s Data Sharing Statement

° Product Datasheet — privacy policy

o Personal Datasheet — privacy policy




Digital Transparency Software §2§ Open mHealth

Datasheet
Landsca pe data and metadata standards
Dataset
& ML {
Details y Header/min metadata
Firmware }
Data stream(s —} .
> (5) algorithm { .
Body: datapoint
}
Study
Protocol
Data
Sharing
@ Polic
loT Smart i
hermometer i loT Motion PrOdUCt
\ =~ | Sensor Datasheet

Wrist Hardware
Datasheet

Personal
Datasheet

Privacy
Policy

sensor

Privacy
Policy

uDlI

Smartphone

Sedative Decision
Support

Completed Work.

Electronic Health Record
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ioi Algorithm
Dlgltal Datasheet §2§ Open mHealth

Transparency:
Training

Sleep Study
Sleep duration }

algorithm

Header/min metadata

sleep duration: datapoint

Product

1oT Smart . Datasheet
hermometer ﬁ loT Motion
....... s i
| wemser Privacy
Participant Policy
Wrist Sensor

Datasheet

Datasheet

Privacy
Policy

sensor

3

Sedative Decision
Support

Smartphone m

Completed Work.

Electronic Health Record

Study
Protocol

Data
Sharing
Polic




Open Questions
To support digital transparency for RWE

> Are these the most important metadata?
> How to coordinate the collection of metadata?

> How to establish pointers/references?

> Who needs to do this? Who will do this? Who are the stakeholders?
> How is the digital transparency ecosystem governed?

° How is the digital transparency ecosystem sustained?

(e]
see
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Conclusion:
Towards a Digital

Transparency
Ecosystem

Evidence : basis for a claim of knowledge

Real-world designs: pragmatic
trials, N-of-1, etc

Real-World Evidence : data + study design + analysis

| |

Big data: genomics, imaging; data mining,
Real-world data: EHR, claims, predictive analytics,
registries, mobile health NLP

Metadata categories: datapoint, source,
acquisition and processing, attribution, and

privacy

Digital transparency with a suite of datasheets is
necessary for trustworthy real-world digital
biomarkers and real-world evidence

Transparency/trustworthiness is a property of
the ecosystem. Many stakeholders will need to

work together



