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Tasha is an entrepreneur and seasoned technologist with 10+ years of experience in
Al, research, and tech strategy. She brings deep expertise in RWD to build data-
driven products that have processed over 100 million patient lives. Tasha received her
BS in physics from Brown University and left a PhD in deep learning at Columbia
University to start Droice.




Disclaimer and Disclosures

» The views and opinions expressed in this presentation are those of the
author(s) and do not necessatrily reflect the official policy or position of
CDISC.

» Tasha Nagamine is an employee of Droice Labs, a company that
processes and prepares RWD for clinical and research applications.
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WHY RWD?2

Studies used to demonstrate the safety and effectiveness of a drug should
reflect the diversity of patients that the drug is intended for!

o —— — — — — — — e e

o —— — — — — — — — — —
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1 https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8697198/



CHALLENGES WITH RWD

Because of the variation across patients, physicians, & sources... ...Diabetes will manifest differently in the data for different patients

(3]
Cd Isc CDISC 2022 US Interchange | #CDISCUS #ClearDataClearimpact



CHALLENGES WITH RWD

Because of the variation across patients, physicians, & sources... ...Diabetes will manifest differently in the data for different patients
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Because of the variation across patients, physicians, & sources...

Type 2 diabetes with
poor adherence

& multiple
complications
(diabetic kidney
disease, diabetic foot
ulcers, neuropathy)

Patient 1

CHALLENGES WITH RWD

...Diabetes will manifest differently in the data for different patients
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“Pt complains of headache.
Suffers from HTN, DM2, ...”

CDISC 2022 US Interchange | #CDISCUS #ClearDataClearlmpact

|
2_lEe 2“"“;"T‘ HbATc> 6.5%



CHALLENGES WITH RWD

Because of the variation across patients, physicians, & sources... ...Diabetes will manifest differently in the data for different patients
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Because of the variation across patients, physicians, & sources...

< Data capture variation > i
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CHALLENGES WITH RWD

...Diabetes will manifest differently in the data for different patients
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CURRENT STATE OF HEALTHCARE DATA: INFORMATION LOSS

A

Data Preparation
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CURRENT STATE OF HEALTHCARE DATA: INFORMATION LOSS
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CURRENT STATE OF HEALTHCARE DATA: INFORMATION LOSS
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CURRENT STATE OF HEALTHCARE DATA: INFORMATION LOSS

< Data Preparation >
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Quality ,

Complete
Reproducible

Lineage & provenance
Minimal data loss

Incomplete

Not reproducible
Low traceability

Lossy transformations

TRADEOFF: SCALE VS. QUALITY

cdisc

Small
I/ scale \I
| - Low data volume, high :
: > quality |
: - \ z * TAs: oncology, rare disease :
| ; *  Use cases: RCT (SDTM, |
| ADaM), disease registries, ... I
. lit
I manual query writing, Quality assurance depends |
| ) . on manual curation/low |
| abstraction, & curation . I
patient volumes

N Y J

Lerge _

( scale !

| . ) |

| %A High data volume, low quality '

| FHIR / - | |

| *  TAs: all (e.g., cardiovascular, endocrine, :

| etc.)

| OMOP *  Use cases: interoperability, HEOR, ... :

: + Difficult to ensure data quality |

| manual query writing & ETL- |

| based data pipelines ,I

-\ _

» Scale
N = 10-100 N = 100-1,000 N = 1,000-10,000 N = 10,000-100,000 N = 100,000-1,000,000 N > 1,000,000
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CHRONIC KIDNEY DISEASE

CKD is often under-coded or underreported, depending on practice variation/billing incentives in RWD.

—_——— e —— —

- J
FHIR/OMOP PHENOTYPED ANALYSIS-READY
DATA DATA DATA
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CHRONIC KIDNEY DISEASE

CKD is often under-coded or underreported, depending on practice variation/billing incentives in RWD.

Conditions
ICD-10: N18.3 (Chronic
kidney disease stage 3)

SNOMED CT: 84114007
(Heart failure, unspecified)

CKD definition
(algorithm, concept set)

—_——— e —— —

FHIR/OMOP PHENOTYPED
DATA DATA

CDISC 2022 US Interchange | #CDISCUS #ClearDataClearimpact

ANALYSIS-READY
DATA

16



CHRONIC KIDNEY DISEASE

CKD is often under-coded or underreported, depending on practice variation/billing incentives in RWD.

Problem list I
+ DM2 ) I Normalization S
»  Heart failure b | Condition |
« HIN | | ondihons |
- : : ICD-10: N18.3 (Chronic I
____________ | kidney disease stage 3) I
———————————— > t
Outpatient diagnoses ! : SNOMED CT: 84114007 : CKD definition
110,150.9, E11.9, ... i I (Heart failure, unspecified) | (algorithm, concept set)
[::::::::::::’I o !
I Inpatient claims
| 150.23,N18.3, ... I
T B TS
») CKD :
- J
RAW FHIR/OMOP PHENOTYPED ANALYSIS-READY
DATA DATA DATA DATA

(3]
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CHRONIC KIDNEY DISEASE

CKD is often under-coded or underreported, depending on practice variation/billing incentives in RWD.

| Problem list I
: . aMznf | I Normalization Rttt N
: . H'?l(il arore | I Conditions :
I : : ICD-10: N18.3 (Chronic I

____________ | kidney disease stage 3) I
(———————————= > I
|  Outpatient diagnoses ! : SNOMED CT: 84114007 I CKD definition
| 110,150.9,E11.9, ... i I (Heart failure, unspecified) : (algorithm, concept set)
Cooooooooooo NP mamal !

manyal ~-—F7F——"—7F7"—7—7——————=

| Inpatient claims I chart abstraction
|l 150.23,N18.3, ... L
___________ - | i

___________ - —— »l I
|( Clinical notes I 3 CKD |
| - I | Progress note | e J
| | Discharge summary | I [ |
I : Medical history: |
I | Progress note | | | Type 2 diabetes| heart I
| | | | failure, HTNJCKD J... |
1
S —— |

RAW FHIR/OMOP PHENOTYPED ANALYSIS-READY
DATA DATA DATA DATA
oo
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CHRONIC KIDNEY DISEASE

CKD is often under-coded or underreported, depending on practice variation/billing incentives in RWD.

| Problem list I
I+ DM2 I Normalizaton N
I« Heart failure | Condifi I
: . HTN | | onditions I
I : : ICD-10: N18.3 (Chronic I
———————————— . kidney disease stage 3) !
(———————————= > I
|  Outpatient diagnoses ! : SNOMED CT: 84114007 : CKD definition
|l 110,150.9, E11.9, ... i I (Heart failure, unspecified) | (algorithm, concept set)
SooTooooooo NIP /manval  ~mmm !
manyal ~-—F7F——"—7F7"—7—7——————=
| Inpatient claims I chart abstraction
|l 150.23,N18.3, ... L
___________ —_ : I
___________ S —_— » |
|( Clinical notes I | b 3 CKD |
I - I rogress note | e J
| Discharge summary | I [ |
I : Medical history: |
I | Progress note | | | Type 2 diabetes| heart I
| | | failure, HTNJCKD J... :
Il | ) T T T T T T T T T T N A
___________ _ | Measurements |
| |
| |
| 8/2022 eGFR 53 |
: 7/2022 eGFR 52 :
| | eGFR < 60 mL/min/1.73m2
—————————————— over 3 months
RAW FHIR/OMOP PHENOTYPED ANALYSIS-READY
DATA DATA DATA DATA
oo
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« HIN |

| Problem list I
|+ DM2 |
: e Heart failure

|

|

Normalization

CHRONIC KIDNEY DISEASE

CKD is often under-coded or underreported, depending on practice variation/billing incentives in RWD.

Conditions

ICD-10: N18.3 (Chronic
kidney disease stage 3)

Ir Outpatient diagnoses ! SNOMED CT: 84114007 CKD definition
|l 110,150.9, E11.9, ... i (Heart failure, unspecified) (algorithm, concept set)
[____________\I NLP/mGnUGI S——————— e — — — —
| Inpatient claims chart abstraction
|l 150.23,N18.3, ... 5
___________ - |
_________________________ »l
» KD
|( Clinical notes | I B . \I |l c
rogress note X ) S
: | Discharge summary | : I I
I : Medical history: |
I | Progress note | | | Type 2 diabetes| heart I
| | | failure, HTNJCKD J... |
Il | ) T T T T T T T T T T N A
___________ _ | Measurements |
(T T T T, T T T T T D (T, T T T T N | |
| Labs : Normalization I Labs : I I
I 7/22 glom. filt. rate 52 || P 7/22 eGFR 52 | > 8/2022 eGFR 53 I
: 8/22 GFR 53 I | 8/22 eGFR 53 I : 7/2022 eGFR 52 :
| | |
| | | | | | eGFR < 60 mL/min/1.73m2
| I | r e ——— over 3 months
e ) e J
RAW FHIR/OMOP PHENOTYPED ANALYSIS-READY
DATA DATA DATA DATA
oo
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CHRONIC KIDNEY DISEASE

CKD is often under-coded or underreported, depending on practice variation/billing incentives in RWD.

| Problem list I
: + Dm2 I Normalizaton S
| *  Heart failure | Condifions I
|+ HWN : | |
I | : ICD-10: N18.3 (Chronic I
———————————— . kidney disease stage 3) !
(———————————= P |
|  Outpatient diagnoses ! : SNOMED CT: 84114007 I CKD definition
|l 110,150.9, E11.9, ... i I (Heart failure, unspecified) : (algorithm, concept set)
____________ I
[____________‘I NLP / manyal SN~——————————————— !
| Inpatient claims chart abstraction
|l 150.23,N18.3, ... L
___________ = | I
___________ - —— p I
f Clinical notes | \I ckb |
|
| - I | Progress note | e J
| | Discharge summary | I [ |
I : Medical history: |
I | Progress note | | | Type 2 diabetes| heart I
| | | failure, HTNJCKD J... |
Il | ) T T T T T T T T T T T T T T T T T T A
___________ _ | Measurements |
(T T T T T T T T T — 0 (T T T, T T T T ! | |
| Labs : Normalization I Lobs : | 9/2022 eGFR 52 I
|| 7/22 glom. fit. rate 52 || P 7/22 eGFR 52 | > 8/2022 eGFR 53 I
| 8/22 GFR 53 I | 8/22 eGFR 53 I : 7/2022 eGFR 52 |
| | | | | 6/2022 eGFR 59 :
| 6/2022 serum Cr1.7 || | 672022 Creatinine1.7 ||_Calculate eGFR w/ | eGFR < 60 mlL/min/1.73m2
1| 9/2022 creatinine 1.8 || ”|| 9/2022 Creatinine 1.8 || creatinine, sex, age, .. _ over 3 months
| —— ) | ——————— J
RAW FHIR/OMOP PHENOTYPED ANALYSIS-READY
DATA DATA DATA DATA
oo
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CHRONIC KIDNEY DISEASE

CKD is often under-coded or underreported, depending on practice variation/billing incentives in RWD.

el

| Problem list I
I+ DM2 I Normalizaton N
I« Heartfailure +s | . I
: . HIN I g[ﬂl I Conditions |
I : : ICD-10: N18.3 (Chronic I
———————————— . kidney disease stage 3) !
(———————————~ > I
|  Outpatient diagnoses ! [ N : SNOMED CT: 84114007 I
|l 110,150.9, E11.9, ... i @A‘]‘ g | (Heart failure, unspecified) :
____________ | .. |
[____________‘I NLP / manyal SN~———————————————
| Inpatient claims [ chart abstraction
| 150.23,N18.3, ... I B8/ II
- _ -
___________ - S
|( Clinical notes | \I
| I | Progress note I
| | Discharge summary | I : :
| °= Medical history:
I | Progress note | I@ﬂ' : Type 2 diabetes| heart I
| | failure, HTN I
| |~ T !
S — - | |
(T T T T T T B .o [ N .o |
| Labs : @m Normalization I Lobs : @m |
|| 7/22 glom. fit. rate 52 || P 7/22 eGFR 52 | >
8/22 GFR 53 I 8/22 eGFR 53 I |
I I .0 I I g I
: 6/2022 serum Cr 1.7 | @m J 6/2022 Creatininel.7 IMA
|| 9/2022 creatinine 1.8 || 1| 9/2022 Creatinine 1.8 || creatinine, sex, age,
| —— ) | ——————— J
RAW FHIR/OMOP
DATA DATA

CKD definition
(algorithm, concept set)

—_——— e —— —

Measurements

|
9/2022 eGFR 52 :
8/2022 eGFR 53 |
7/2022 eGFR 52 |
6/2022 eGFR 59 :
|

PHENOTYPED
DATA
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CHRONIC KIDNEY DISEASE

CKD is often under-coded or underreported, depending on practice variation/billing incentives in RWD.

| Problem list I
: ° aMZ il | Normalization CEREEEEERRRRERE S
. rt
[ H'T'l(il arvre | Conditions :
T | 1CD-10: N18.3 (Chronic |
____________ | kidney disease stage 3) :
| Outpatient diagnoses : m L. : (S}—,|\‘Orr’\rAfED| CT: 841 M’?Oj) :
eart failure, unspecifie
|l 110, 150.9, E11.9, ... | g all | P |
—o——---ooo o NLP / | L |
manyal -7 ————7——————=
| Inpatient claims : .o chart abstraction
| 15023,NIB3,. | SN )
___________ - -
|{ Clinical notes | | B . \I
rogress note I
: | Discharge summary | : I I
| ; ; .
I .2 Medical history: |
I | Progress note | @[ﬂ' : Type 2 diabetes] heart I
| | | | failure, HTNJCKD J... |
1
l _,I I
(T T T T T T T T T ) . [ B .o |
| Labs :@m Normalization I Labs : @m |
|| 7/22 glom. fit. rate 52 || P 7/22 eGFR 52 | ¢
8/22 GFR 53 I 8/22 eGFR 53 I |
I | .e : I e/l
: 6/2022 serum Cr 1.7 | @m || 6/2022 Creatininel.7 IMA
|| 9/2022 creatinine 1.8 || 1| 9/2022 Creatinine 1.8 || creatinine, sex, age, ... '_
| —— ) | ——————— J
RAW FHIR/OMOP
DATA DATA

el

CKD definition
(algorithm, concept set)

Measurements

|
9/2022 eGFR 52 :
8/2022 eGFR 53 |
7/2022 eGFR 52 |
6/2022 eGFR 59 :
|

PHENOTYPED
DATA
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AN INTELLIGENCE-BASED APPROACH

| Problem list I
|+ DM2 L N
I« Heart fail P |
. H'?l(il arure I I Conditions :
T | | 1CD-10: N18.3 (Chronic |
———————————— . kidney disease stage 3) !
(—T——————————™ L I
|  Outpatient diagnoses ! : SNOMED CT: 841 MQO7 :
|l 110,150.9,E11.9, ... i | (Heart failure, unspecified) |
———————————— | I
r____________‘l N ———— e —
I Inpatient claims
| 150.23,N18.3, ... I
- _ -
|{ Clinical notes A 1
| I | Progress note |
| | Discharge summary | I : et :
| edical history:
I | Progress note | | : Type 2 diabetes| heart :
: | | | failure, HTNJ CKD,|... |
l | T T T T T T T T N A
___________ _ | Measurements |
( ___________ ) ( -0 _L_b _____ \ I I
| Labs | | abs | I 9/2022 eGFR 52 I
I 7/22 glom. filt. rate 52 || P 7/22 eGFR 52 | > 8/2022 eGFR 53 I
: 8/22 GFR 53 I | 8/22 eGFR 53 I : 7/2022 eGFR 52 :
| | 6/2022 6GFR 59
: 6/2022 serum Cr 1.7 | J 6/2022 Creatininel.7 I—P: :
|| 9/2022 creatinine 1.8 |l “| 9/2022 Creatinine1.8 (I & e ———————————
| ———— | ————————— J
RAW FHIR/OMOP PHENOTYPED ANALYSIS-READY
DATA DATA DATA DATA
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AN INTELLIGENCE-BASED APPROACH

CDISC 2022 US Interchange | #CDISCUS #ClearDataClearlmpact

ble sources of
o diagnosis

(" F _b|_ R |'_t_ ~ 7 Understanding conditions written in
: . Dlrvc\)Z em lis : different styles, formats, & codes
I« Heart fail P C b
[ H'?l?l arvre I I Conditions :
: — : . : ICD-10: N18.3 (Chronic I
____________ Y ¢« kidney disease stage 3) I
(—T——————————™ A & > I
|  Outpatient diagnoses ! ’ : S}_’;’Or’\rA{E? CT: 841 ]4_?0(]'7 :
Il 110,150.9,E11.9, ... | | (Heart failure, unspecified) |
———————————— | I
[ ____________ N—_——— e — =
I Inpatient claims I
| 150.23,N18.3, ... I
e -
___________ - S
|{ Clinical notes | \I P
I . I Progres note I Combining multi
| | Discharge summary | | [ I evidence info
: | Progress nofe |Ie.: #Aediczogbiztotry: o :\e. : Information extraction
ype 2 diabetes| hea L
| | | : failore, HTNJCKD... °5 : from clinical free text
1 U
T T T T T T r B
S —————— _ . Cdfesorlzmg I Measurements |
(T T T L _b _____ ﬂl information sources (_____Lu_bs_____w O | |
| abs | -e. | 9/2022 eGFR 52 |
I 7/22 glom. filt. rate 52 : P 7/22 eGFR 52 v 8/2022 eGFR 53 I
|| 8/22 GFR 53 | || 8/22 <GFR 53 | Normalizing to | 7/2022 eGFR 52 |
I I I — | canonical forms | 6/2022 eGFR 59 |
|| 6/2022 serum Cr 1.7 | || 6/2022 Creatininel.7 |
|| 9/2022 creatinine 1.8 || "1l 9/2022 Creatinine1.8 (I ————————————
——_—————————=— ) | ——————— )
RAW FHIR/OMOP PHENOTYPED
DATA DATA DATA

AY
> Synthesizing longitudinal
__l- patterns & trajectories

ANALYSIS-READY

DATA
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Al MIDDLEWARE APPROACH

Required for general purpose RWD (i.e., data with large N & high noise) to maximize information and minimize data loss.

< Data Preparation >
i~ Datasources —— ! i~~~ Almiddleware -—7 7~ Usecasedata ——
| | | | | |
: m Claims : : : : :
| = ' | | | |
| i HE ! | | | |
' HL7  Foed | | I | | |
| eeas | | |
I e : | 2 | | @ |
: § Labs & diagnostics : : "q,%'% wﬁ& : : @ @ @ :
| | “ | | |
| E Trial & research data : | s | | I
| | | | |
I [2] Apps I | Droi K | | No data loss |

| | roice Haw! | | Regulatory-grade data |

Speed Reproducibility Trqceqbility Quulity Cost

Fast & scalable Portable & reproducible Transparency Comprehensive& lossless Cost efficient

(3]
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Al MIDDLEWARE APPROACH

Required for general purpose RWD (i.e., data with large N & high noise) to maximize information and minimize data loss.

&= Labs & diagnostics g @ @

No data loss
Regulatory-grade data

—
Trial & research data

< Data Preparation >
i~ Datasources —— ! i~~~ Almiddleware -—7 i~ i
L : : : :
: M| Cloims : : : : :
- | ' I | |
| o HE I | | | |
|
| | | | ' |
I HL7  Feeds | | | | |
Deur | |
| | | | |
| = | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | |
' | | | |

Speed Reproducibility Trqceqbility Quulity Cost

Fast & scalable Portable & reproducible Transparency Comprehensive & lossless Cost efficient

;s - - - - - - - - - - - -0 \\ ;s - - - - - - - - - - - - - - T \\
I( Characteristics of an Al middleware: } I( Ingredients for the Al middleware: }
| | | |
|« Content vs. structure I |  Software backbone supporting a cascade of Al algorithms |
: +  Scalability (N, variability) : : & models :
I\ » Maximizes information, minimizes data loss | I\ + Data (high noise, high variability) |

/ /
N - - N - -

(3]
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Quality ,

Complete
Reproducible

Lineage & provenance
Minimal data loss

Incomplete

Not reproducible
Low traceability

Lossy transformations

TRADEOFF: SCALE VS. QUALITY

cdisc

Small
I/ scale \I
| - Low data volume, high :
: > quality |
: - \ z * TAs: oncology, rare disease :
| L *  Use cases: RCT (SDTM, |
| ADaM), disease registries, ... I
. lit
I manual query writing, Quality assurance depends |
| ) . on manual curation/low |
| abstraction, & curation . I
patient volumes

N Y J

Lerge _

( scale !

I . ) |

| %A High data volume, low quality '

| FHIR / - | |

| *  TAs: all (e.g., cardiovascular, endocrine, :

| etc.)

| OMOP *  Use cases: interoperability, HEOR, ... :

: + Difficult to ensure data quality |

| manual query writing & ETL- |

| based data pipelines ,I

-\ _

» Scale
N = 10-100 N = 100-1,000 N = 1,000-10,000 N = 10,000-100,000 N = 100,000-1,000,000 N > 1,000,000
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SOLUTION: MAXIMIZE INFORMATION USING AN Al MIDDLEWARE APPROACH

Quqlif . _Smat __ General _
Tr STobZ t ( scale 3 ( solution |
U , . .
reproducible, with | - Low data volume, high I : ) _ _ I
lineage, complete; no : \ quality : | High data volume, high quality |
information loss : A \ o, - TAs: oncology, rare disease : : . TAs; all (e.g., cardiovascular, endocrine, :
; *  Use cases: RCT (SDTM etc. |
’ | | .
: gDofl\‘/\), disease reg(;jis‘rriesé | | . gseoﬁszss-sRfjﬁ::hg/i?ulmow R&D :
. . vality assurance depends I I . vality assu vi
: manual query writing, on manual curation/low I I middleware/software approach |
| abstraction, & curation . | I |
patient volumes J
N J \ _
Lerge _

(

|

|

|

| . .
I *  TAs: all (e.g., cardiovascular, endocrine,
| etc.)
|

|

|

|

|

\

)
|
High data volume, low quality '

O rrr / |
|

OMOP *  Use cases: interoperability, HEOR, ... :
|

|

|

)

+ Difficult to ensure data quality

manual query writing & ETL-
based data pipelines

Available at scale

(3]
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WHY RWD?2 WHY NOW?

4

r— " Scientific value ~———>
|
I Larger, more representative &

|

|

. . . |

: diverse patient populations |
|

|

Regulatory push for
the use of RWD

21st Century Cures Act | reflect disease in the real-world

2016) et
Longitudinal patient i . . . - Busi lve ———
data availability The time is I'Igh'l' 1 usiness valve b
------------------- o = RCT
96% Zzgsf:ﬁsgpﬁﬁls hove to use RWD' * Trial design & feasibility

* External control arms
¢ Primary & secondary
Increasing RWE adoption evidence for drug approvals

by the life sciences industry

46% CAGR of published RWE . Lonaitudinal out
research over last 5 years Ongl udinal outfcomes
studies

*  Quantifying unmet needs
* Label expansion
* Disease registries

|
|
|
|
|
|
|
|
|
|
RWE :
|
|
|
|
|
|
|
* Patient journeys I
|

|

(3]
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Thank You!

R IR @ rreen . see @




