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Introduction

In the following sections, we will demonstrate the below flow of activities as explained in the
introduction (PHUSE EU Connect 2021 - RWE Workshop).

1.1 Build Industry
Standard Cohort

[STRINGENT]

1.2 Build Subject 4, Visualize
Matter Expert Baseline . Test Scientific &, Build Final
[SME] Cohort Characteristics *  Robustmess d Model

[RELAXED] ; forall 3 cohorts

1.3 Build Machine
Learning assisted
and SME Cohort

[ML/SME]

Presentetion (PP19)

Scope for the hands-on session: In the interest of time, we will exclude 1.2 as well as building the
actual cohortin 1.3.

The following protocol (inclusion/exclusion criteria) is used for this hands-on workshop.

Protocol

ClinicalTrials.gov

The FRECISE Pratoeal Prospective Randorseed Trialof the Optimal Evabaation of Cardhac Symptonr and Revescularieation [EOSE

Aot prwednd by Dwgaratn Farny s

Vhahy Dovartmnan




PART 1 — Define, Build and Analyze a Cohort

1.1 Build Industry

Standard Cohort
[STRINGENT]

Access SAS Health — Cohort Builder

Step 1. Navigate to the following URL and use your Username & Password (provided upfront) to
access the SAS Viya environment
https://sashealthl.eastus.cloudapp.azure.com/SASDrive

Step 2. Navigate to the menu panel on the left-hand side by selecting the ‘Show List of Applications
Icon’ (=left top corner).

Show list of applications

Step 3. In the menu panel on the left-hand side choose ‘Build Cohorts’.

ANALYTICS LIFE CYCLE
Manage Data
Prepare Data
Explore and Visualize
Build Models
Manage Models
Build Decisions
Share and Collaborate

Develop SAS Code

SAS® HEALTH
Build Cohorts
Map Data

Explore SAS Health



https://sashealth1.eastus.cloudapp.azure.com/SASDrive

Creation of Cohort with Stringent Eligibility Criteria

Step 1. Navigate to the Projects Tab.

SAS® Health: Cohol

Projects Data Sources

0 E

(> ]
.,,':c’—’—d' .
—o 7y |

betsy : Caroline : Clinical Trial Feasibility ... : new c
Type: Cohort Type: Cohort Type: Cohort Type:
et Owner: cabahl Owner: heid Owne

Step 2. Create a new project by clicking “Create a new project” and type in a project name
“SASRWE_[your initial]”, and then click “OK”.

bhorts aQ 2 (w

/

N

j

-

Select one item to see its information.

Framework Menu

Create a new project

. % Add-in Manager

Cohorts
[3 Expression Manager

SAS Resources
SAS Health

Name: * | |

o Required field
Description:

oK Cancel

Step 3. Create a new cohort by clicking “New cohort” on the top right-hand side.

New cohort




Step 4. Type in a cohort name “ACS-Stringent_[your initial]” and select the “800K_ICD10” data from
the Data source pull-down list, and then click “OK".

Step 5. Navigate to the Index Events Tab on the left-hand side. Create a new index event by clicking
“+” icon next to Index Events on the first row.

{tHome > i=Project

Project: wk test

® Index Events +

Step 6. Type in “ACS_[your initial]” for the name of the index event, and click the concept
“Diagnoses” to create an expression to define this index event by using diagnosis codes.

New Index Event Definition

INDEX EVENT




Step 7. Click “Search for codes” (the magnifying glass icon) on the right-hand side, and then enter
“Acute coronary” in the text box on the top left corner (then hit Enter) to search for relevant
diagnosis code expression.

x
New Index Event Definition

oo Index Events

o E 2

£ Use earliest date identified
* Demographics
* Diagnoses v @ [] Diagnoses
* Diagnosis Related Groups .
Diagnoses + Add constraint ¥

* Prescriptions —
* Procedures

v Codes
* Snomed

Label: Diagnoses (based on "Diagnoses”)
o @b
Code Description Type Vocabulary _
No items are available
save SN
x
Code Search
Search
Acute coranany © O]lo [ selecta @ p

Refine Search @ 0 d-ﬂ-?':a!.f occlusion without myocardial infarction -

v iagnoses (2 of 2) .
Diagnoses (2 of 2 ] Q245 - Malformation of coronary vessels -
CD-10 Diagnosis Codes CD-10 (DX

CD-9 Diagnosis Codes [ RS2-Pain, unspeciied -
Search Sensitivity (1 of 2) 0O lg:‘o_- m thrembesis net resulting in myocardial infarction -
0 Low

5 bigh O '1,'1:1':1 ;!mermediu; coronary syndrome .

nclude O 4_‘\_41_11 - Aneurysm of coronary vessels -
D-9 (DX

[0 Retired codes

M Invalid eodes

Add Codes Add Codes and Close Cancel

Step 8. Select “124.0”, and then click “Show in hierarchy” icon at the far right-hand side for the same
record.

x
| Code Search
o olo
it [ 81181 - IEHEYETERIEY occlusion without myocardia nfrction N
v DI
" " ] ©24.5 - Malformation of coronary vessels c
4
CD-9 Diagn | RS2 Pain, unspecified -
Search Sensitivity (1 of 2) 124,0 - [YEATPTIININY thrombosis not resulting in myocardial infarction i
e  Show in ety |
" ] 411.1 - Intermediate coronary syndrome 2
) Hig X
nciide (-] 41411 - Aneurysm of coronary vessels

Add Codes Add Codes and Close Cancel



Step 9. The full hierarchy will be visible including the initial selection you made. After making the
final selection of all “124.x”, click “Add Codes and Close”

] * Diseases of the ear and mastoid process
0] 4 Diseases of the circ ry
O 4 Ischemic heart diseases

+ 124 Other acute ischemic heart diseases

124.0 Acute coronary thrombosis not resulting in myocardial infarction
124.1 Dressler's syndrome

124.8 Other forms of acute ischemic heart disease

I < <

124.9 Acute ischemic heart disease, unspecified

® 122 Subsequent ST elevation (STEMI) and non-ST elevation (NSTEMI) myocardial infarction

» 121 Acute dial infarction

» 123

rain curren

mplications fallowing ST elevation (STEMI) and non-ST elevation (NSTEMI) myocardial infarction (within the 28 day period)

» 120 Angina pe

Add Codes Add Codes and Close Cancel

Step 10. Click “Save” on the bottom right-hand side.

x
New Index Event Definition

2 3 Use earliest date identified ¥

v @ [ Diagnoses

Diagnoses + Add constraint ¥
v Codes
Label: Diagnoses (based on "Diagnoses”)

P B w

O Code Description Type Vocabulary 8
O 24 Other acute ischemic heartd... DX ICD-10
| O 1240 Acute coronary thrombosisn... DX ICD-10
: O 1241 Dressler's syndrome DX ICD-10
O 1248 Other forms of acute ischemi... DX ICD-10

[] Specify code location:

v Occurrences @

Number of occurrences: = v 1

Save Cancel

Step 11. Select the index event ACS_[your initial] you just created from the left-hand side, and then
drag and drop it in the center of canvas. (Note: You can drop it once you notice a green line
appearing). The index event now is defined for this cohort.



Step 12. In the interest of time, for the rest of the eligibility criteria, please navigate to Saved tab,
and drag-and-drop the pre-built concepts: “Chest Pain”, “CABG” ,”CV Testing for CAD” in the center
of canvas. (Note: You can drop it once you notice a green line appearing)

ort caunt
> Index Event ACS_wk | ’
2 5 Apply b
> @0 ¢
@

NOTE: Please be informed that you can add more inclusion/exclusion criteria here, such as
exclusion criteria, “Hx of Constructive CAD”, “Cardiac Cath”. For performance reason, we suggest
only using “Chest Pain” and “CABG”. Please remember we are performing this hands-on session
with approximately 40 participants and we have limited time for hands-on. Thank you for your
understanding.

Step 13. As we plan to exclude patients with these conditions before the index event (i.e., the first
time being diagnosed with ACS), we will need to change the temporal relationship between these
exclusion criteria and the index event.

Step 14. First, click the arrow icon next to “Chest Pain”, and then click “Relationship”. Select “Before”
from the “Time to ACS_[your initial]” pull-down list.



ARx

Hye

i
LCAPx
e
Lat

L

Add Variables Build Analysis

+ Add constraint v

G0
Type Vocabulary '
X 1016 1
1010
1010
X 1010

) [0 « » cABG

¥ CVTesting for CAD

Repeat the same steps for other 2 variables.

[ T
> v,
May 2007 Aug 2008
> Index Event ACS_wk
2 ¥
> @ [0 ChestPain
> @0 » CABG
> @0 »  CV Testing for CAD

Step 15. Tick the checkbox along the three concepts you edited and click the “OR” Boolean operator
on the top to make it a compound expression.

Cardiac Cath

Cardlia

DT GIEG e L ——— Attrit E=
— . [ e @ 9) Cow
fge > Inclex Event ACS_wh [ ] at

2 5 [ anp | or |[ noOT LYl | Apply od |

>@m « » cc
) » CVTesting for CAD

@ B ChestPain _




Step 16. Tick the checkbox along the compound expression and click the “NOT” Boolean operator to
make it as the exclusion criteria.

=)

> Index Event ACS_wh L ] Total Populat 10
I NOT |9 & Ftrtes @ Agply dy P
> @

Chest Pain
> @ caBG

> @  CVTestingfor CAD

NOTE: Please DO NOT hit the APPLY button at this stage. We will first add the variables for further
analyses in the next step before we generate the cohort. Please remember we are performing this
hands-on session with approximately 40 participants and we have limited time for hands-on.
Thank you for your understanding.




Step 17. Next, click Add Variables on the top to show the list of variables. This is the place you can
define the variables you plan to use for further analyses.

:

Step 18. Navigate to the left-hand side to find all the predefined and previously saved variables. Click
the arrow icon on the left of Demographics, and then click “AGEGROUP_10” to add it

NOTE: The way of creating a new variable is similar as the steps you performed for the index event
concept creation earlier. In the interest of time, we only reuse previously defined variables in this
step.




Step 19. Click the arrow icon on the left of Risk Factors and select “Elixhauser Risk Factor Set”.
Drag and drop it on the canvas

Afterwards hit the Save button to add (no need to make any changes).

x
Add Risk Factor

Name: Elixhauser Risk Factor Set

Minimum frequency percent threshold: *
o 1~
Time period: J

Entire period

Step 20. Click the arrow icon on the left of Saved.

Find and add the following (how: drag and drop on the canvas):
“MI OR Cardiac Cath”
“Stroke”

HLALT_SR [ Name Type Results




Step 21. Click the variable “MI OR Cardiac Cath” in the right-hand side pane.
Select “Outcome” as Analysis role. Hit afterwards “OK”

Type Vocabulary

Repeat the same action for the variable “Stroke”.

Step 22. Navigate back to Saved tab and drag/drop another variable “Hyperlipidemia” to enrich the
cohort. Keep it as a “Input” variable.

Name Type Results.

Group (0-9, 10-19, 20-29, 30-39, 40-49,

Ooooooo

Hyperliaidemia
i

LCAP

LCARE

Let

Msles
MCL

Metastatic Cancer

NOTE: Please be informed that you can add more analysis variables here. For performance reason,
we suggest only using the variables specified above. Please remember we are performing this
hands-on session with approximately 40 participants and we have limited time for hands-on.
Thank you for your understanding.




Click “Apply” button.

Please note that this can take a few minutes. Especially when all hands-on participants execute
around same time...

<
g - 1 Add Variables 1 Build Analysis

Once the cohort is created, a green check mark will appear next to ‘Define Cohort’ & “Add Variables”

@
Define Cohort Build Analysis

The number of counts or summary statistics will be displayed for each variable.
Click “Save cohort” (the floppy disk icon) on the top right-hand side to save it.

Step 23. Navigate back to “Define Cohort” tab and review the Attrition pane on the right-hand side
to check the number of patients. Turn on the toggle buttons “Counts” and “% of Population”

> index Event ACS_wh L




When you hit the Table icon you will get a tabular format (instead of Chart) for Attrition.

Attrition =

Name Attrition / % % of Population
Total Populat.. N=711,479/10... N=711479/10_..
Study Period n=636,980/90% n=636,980 /90%
ACS_wk n=98661714% n=08,641/14%

NOT (Chest ... n=53521/8% n=297592/42%




Analyze the Cohort by Running Add-in Templated Analyses

Step 1. Next, click Build Analysis on the top to go to the list of add-in templates we can use to gain

immediate insights from our cohort. Point to and double click the add-in template “Cohort
Characterization”.

Add-in Templates
EE= O - i
Advanced Filter '
RN o A =R A
Cohort Chatacterization Cohort Characterization ND Cohort Characterization._tahs DEPRECATED: Top Codes Example Report Data Genera.
. |
[FERA BN = =eA =N
Health Outcomes Binary Targ. New Addin Templata 10 New Add in Template 11 New Version of Top Codes fo Pationt Varlable Summary Pro

Step 2. Create a new instance by clicking “New” on the top right-hand side.
Type in “ACS-Stringent_[your initial]” for the name of this instance.

Cohort Characterization Add-in Instances

n
¥ El= '

Advanced Filter

ES EES A e A
= =3 |
Aflb Cohort Characterzation ASCVD Prs Cohort Character! Cohot Charactarization Cohort Descriptives RRM DEMO COMORT CHARACTE
o N "'\‘ \
= | * New Add-in Instance 15 = 8

ACS-Sirngent i

oo




Step 3. Click the Execution tab on the top. This is the place you can execute the pre-registered SAS
code for this descriptive analysis.

Select both PDF and RTF. Run the analysis by clicking “Run code” (the running man icon).

[ Information 2 Execution

&

[l Run code

Report Output Format

PDF

RTF

Step 4. Once it is completed, click the “Save” button on the right-hand side, and navigate to the Log
tab to review the SAS Log file (code).

Step 5. Navigate to Results tab to see the output of this analysis. You can adjust the size of window
by dragging the line in the center with four dots ( )

* New Add-in Instance 15 ra

e Cohort: ACS_Stringent_simple
Cohort Type: Index Event

Cohort

Age at Study Start  Deaths During Study
Study Stant Date Study End Date  Min  Max Mean Median Deaths %
4 using the Index date based study date and computed date of birt

T _ -




Step 6. Navigate back to Information tab. The platform provides full transparency / governance on
when this specific Add-In was created, last modified as well as the most recent run.

i= | ACS-Stringent_wk

[E Informetion A Execution

Name: *

ACS-Stringent_wk

Description:

Ie 6’\I Created:
G 11/17/21, 11:41 AM by William Kuan
. Last modified:

/ 11/17/21, 11:52 AM by William Kuan

@)

Q> Lastrun:
(20
WO 11/17/21,11:48 AM by William Kuan

NOTE: Other related analysis templated that would be used for this use case are Logistic
Regression Model and Cohort Comparison (to compare cohorts with relaxed vs. stringent criteria).
See screen shots below. The process to be followed would be similar. In the interest of time, we DO
NOT run these analyses. Thank you for your understanding.

[Logistic Regression Model Add-in]

Bl Information L Execution

ES Loa

Dst= Study Definition Incidence Rates Build Model Export

Pradiction Modsl Setting

Target outcome variable (maximum of two variables)

MI OR Cardiac Cath v

Targetvariable value

1 v

= | * New Add-in Instance 4 ® B Cow

Cohoet population charscteristics

i OR Cartinc Cath
Chusctenstic o

O Cardiae Cath
gt rn
AGEGROUP_ 10 Age Group (0.9 l ==
Sur e
Antiariythmics
Anticongulents

R_Bulk Medicinal




[Cohort Comparison Add-in]

Manage Cohoris  Manage Project Ad
* New Add-in Instance 5 B Clos
*

s (d): Selected it
ACS RelaxedCrlteria
ACS-RalgxedCriaris-ddacd 167-0104-4ch2-b54b-TeOcdsa2
ACS Stringent
ACS.Stringent K007 Se8f.cede.daTe.b1ie.67 Hadb 58273
No items
PHUSE_RWE_001 | v -
E.00 63113 i  — —
v —
wodsddie W — —
=
No rasults were found. Submit the code to obtain rasults
Manage Cahorts  Manage Pro
RvsS_wk 7 B | Close
B inlomaton G Execution
* oa w  Output Dams
WNew Addin Instance S_istnghim =+ | & @
Cohor
lable items (2): .
Multiple Cohorts: Papulation Charsctaristics
PHUSE_RWE_001 )
PHUSE_RWE_001-03432366-3113-4b60.916¢- Cohort name
ACS RelanedCrieria ACS-RelaxedCriteria  ACS-Stringent
8924 A dCriveria-M. 0104-4ch2-b54 Characteristic N % N %
AGEGROUP_10 265 059 212 04
ACS Stringent =
K075 o671 756 168 854 146
« 1586 352 14 343
. 2609 579 1936 581
0391 2307 7915 2378
- 16211 3599 11980 | 359
B0-89 10536 2339 7671 | 2303
0e 2684 596 1899 570
AV_ANTIARRHY_FLG 0 41908 9971 33213 9971
1 129 029 98 029
AV_ANTICOAG_FLG 0 435 9s72 32234 9677
1 1479 328 1077 323 -




PART 2 — Identify Variable Importance via Data Driven (ML) & SME
Approach

1.3 Build Machine
Learning assisted
and SME Cohort

[ML/SME]

In the previous example, the inclusion/exclusion criteria for the cohort are selected by subject-
matter experts. What if we take another approach, a data-driven approach, to select the eligibility
criteria related to the outcome of interest by the support of a machine learning technique and SME?
How will that impact the cohort?

Identify the variable importance using ML (SAS Studio) and SME
Step 1. Navigate to “Develop SAS Code” to launch SAS Studio.

Step 2. Click “Explorer” on the left-hand side, and then double click the SAS program “Random
Forest Variable Selection.sas” (SAS Content / Public / PHUSE_EU_CONNECT_2021) to open.

This is the program you will use to run a random forest algorithm to identify the variable
importance.
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Code

1 as mycas;

2 caslib _all_ assign;

4@ proc casutil incaslib-'PUBLIC' outcaslib-'PUBLIC';

5 losd casdata-"ACS_COMORT_VARSELECT.sashdat’

6 casout="ACS_COMORT_VARSELECT® replace;

7

]

9@ proc sql noprint

12 select guote(trim v R

1 from dictionary

iz where upcase(1ibname)~upcase(*PUBLIC

13 and upcase(memname se( *ACS_COMORT_VARSELECT*)

1a and name ne 'AV_MI_CC_FLG':

15

16 ;

=

18 @ proc cas; 142%

19

20 decisiontree. forestTrain resulter /

21 inputs=(Rvars}

22 nominalss(dvars "AV_MI_C_FLG®

2 {name="ACS_COMORT_VARSELECT", caslibe'PUBLIC'}
24 rget="RV_HI_CC_FLG

25 varlap-TR

26 casout = {name ="ACS_AF’, replace = True

27 |bootstraps.2;

28 |seeds20;

29 run;

30 |describe r['0TreevarnpInfo’];

3 saveresult r[DTreeVarTmplnfo"] dataout-work.variap;

2 quit;
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1 quit;
16 Sout bvar
37
1 proc cas;
19
2 decisionTree. forestTrain resultsr rear

1nputss(bvars)

nominalse(Rvars "AV_MI_CC_FLG®

tables(name«"ACS_COMORT_VARSELECT", caslibe’PUBLIC®
2 argot="AV_NI_CC_FLG"

arInp=TRUE

casOut = (name ='ACS_RF', replace = True
0 e r['DTreevarmpInfo’|;
3 saveresult r[“DTreeVarnplnfo”] dataout-work.variep;
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Step 4. Once it is completed, navigate to “Libraries” on the left-hand side, and double click the result
dataset “VARIMP” under the WORK folder.

» B3 VARIMP

Snippets | ) #Debug N

cas mycas;
caslib _all_ assign;

proc casutil incaslib-'PUBLIC’ outcaslib-'PUBLIC';
1oad casdata"ACS_COHORT_VARSELECT .sashdat
casout="ACS_COHORT_VARSELECT' replace.

run;

proc sql noprint;

select quote(trim(

pease("PUBLIC"
pcase (" ACS_COHORT_VARSELECT")

8_studiostimer = is TRUE
rane STUDIOSTINER)

- *PUBLIC

describe r[ DireevarlmpInfo’ ]
saveresult r[“DireeVarImpInfo"] dataout-work.varisp;
quit

Mew  Options  View [Open (Save Al

B Ubraries
L

» & CASUSERH
03 FORMATS

» B} VARIMP

Tabslo: WORK VARIMP

% Stn Poge

<

4, Random Forest ariable Selection sas & w

Columns: 30f 3 | Rows 11034

® Importance

8.4157660

46914810912
35045203398

22671818946

ELIX_RHEUM_A
ELX_TUMOR 0.7559743623

] 0.6666796943

The Subject Matter Expert (SME) will now investigate this variable importance list (created by the
Random Forest ML algorithm). Afterwards he/she will create a 3™ Cohort based on the combination
of this output and his/her domain expertise.



Identify the variable importance using ML (R Studio) and SME

1.3 Build Machine
Learning assisted
and SME Cohort

[ML/SME]

‘ v, o \ e

This is the part to demonstrate how you can run the ML method we used in SAS by using R code
instead. An open-source user can call SAS CAS actions and leverage the power and performance
scalability of SAS advanced analytics platform as well.

Step 1. Navigate to the menu panel on the left-hand side by selecting the ‘Show List of Applications
Icon’ (=left top corner).

Show list of applications
.

Step 2. In the menu panel on the left-hand side choose ‘Share and Collaborate’.

ANALYTICS LIFE CYCLE
Manage Data
Prepare Data
Explore and Visualize
Build Models
Manage Models
Build Decisions

Share and Collaborate

Develop SAS Code

SAS® HEALTH

Build Cohorts

Map Data

Step 3. Click “Shared” folder on the left-hand side, and then double click “Rstudio” to launch the
application. (Note: You can also access it from Quick Access bar on the top if you pinned the
application on it already)
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Step 4. Enter your Username and Password to sign in to RStudio

Step 5. Open the Variable Selection Random Forest.R file which has been pre-loaded into your
directory environment.

Files Plots Packages Help Viewer —e
©  NewFolder | & | Upload ' © Delete < Rename ‘} More «
4 Home
A Name Size Modified
_Rhistary 892 B Nov 17,2021, 1:36 AM
PHUSE Variable Selection ACS.ipynb 46.7 KB Nov 17, 2021, 10:35 AM
R
sasuser.viya
@ | variable Selection Random Forest.R 1.2 KB Nov 17,2021, 10:34 AM

varimp.csv 1.9 KB Nov 17, 2021, 10:35 AM

Step 6 (optional). Click “More” button and set current directory as working directory.

Files Plots Packages Help  Viewer =0

© | New Folder | @ | Upload | © Delete = Rename | {3k More «
4 Home Copy...

4 Name Copy To_. Jified

Machine Learning Vi 28,2021, 1148 PM
Move...

PHUSE Variable Sele £17,2021,4:55 AM
Export

PHUSE_Python P

PHUSE_R Set As Working Directory

Python Seripts Go To Working Directory

Python Test Scripts
R
R_Scripts

sasuser.viya

Step 7. Provide your username and password in CAS api call. The CAS() call creates a CAS connection
object.

library(swat)
#library(getPass)
library(tidyr)

Sys.setenv(CAS_CLIENT_SSL_CA_LIST="/opt/sas/viya/config/etc/SASSecurityCertificateFramework/cacerts/
session<-CAS("Healthl-Controller.azure.com",5570,username="+*+" password="+*+")

NV BwiR

Step 8. Run the R code to execute the program.

1/ The variable importance (ranking) can be observed in the Console by entering
“resultsSDTreeVarimpinfo” to see CAS data frame object.

2/ The variable importance table is also exported as “varimp.csv” file to your working directory.

The Subject Matter Expert (SME) will now investigate this variable importance list (created by the
Random Forest ML algorithm). Afterwards he/she will create a 3™ Cohort based on the combination
of this output and his/her domain expertise.

The way of creating this 3" Cohort is similar as the steps you performed in Part 1.

In the interest of time, we skip this specific step and proceed with the rest of the hands-on script.




Identify the variable importance using ML (Python) and SME

1.3 Build Machine
Learning assisted
and SME Cohort

[ML/SME]

‘ v, o \ e

This is the part to demonstrate how you can run the ML method we used in SAS by using R code
instead. An open-source user can call SAS actions and leverage the power and performance
scalability of SAS advanced analytics platform as well.

Step 1. Navigate to the menu panel on the left-hand side by selecting the ‘Show List of Applications
Icon’ (=left top corner).

Show list of applications
.

Step 2. In the menu panel on the left-hand side choose ‘Share and Collaborate’.

ANALYTICS LIFE CYCLE
Manage Data
Prepare Data
Explore and Visualize
Build Models
Manage Models
Build Decisions

Share and Collaborate

Develop SAS Code

SAS® HEALTH

Build Cohorts

Map Data

Step 3. Click “Shared” folder on the left-hand side, and then double click “JupyterHub” to launch the
application. (Note: You can also access it from Quick Access bar on the top if you pinned the
application on it already)
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Step 4. Enter your username and password to log in to jupyterhub

~ jupyterhut

Warning: JupyterHub seems to be served
over an unsecured HTTP connection. We
strongly recommend enabling HTTPS for
JupyterHub,

Username:

Password:

Step 5. Open the “PHUSE Variable Selection ACS.ipynb” notebook

| (0 @ PHUSE Variable Selection ACS ipynb 12 days ago 46.7 kB

Step 6. Enter your username and password in the swat.cas() api function

Variable Selection Example Using SWAT

In this example we further reduce the variable in ACS_COHORT_VARSELECT table and feed selected variable into a neural network model
Connect to CAS

In [2]: dimport swat
import matplotlib.pyplot as plt
conn=swat.CAS("Healthl-Controller.azure.com",5570,username="****" password="*****")

Step 7. Execute the notebook cells to get the variable importance table.
A csv file is also saved into your jupyterhub root directory.
The Subject Matter Expert (SME) will now investigate this variable importance list (created by the

Random Forest ML algorithm). Afterwards he/she will create a 3™ Cohort based on the combination
of this output and his/her domain expertise.

The way of creating this 3" Cohort is similar as the steps you performed in Part 1.

In the interest of time, we skip this specific step and proceed with the rest of the hands-on script.




PART 3 — Visualize and Interpret the Data

Visualize Baseline Characteristics for all cohorts

4, Visualize
Baseline

Characteristics

forall 3 cohorts

Next, let’s explore potential shifts in baseline characteristics between the 3 cohorts of interest.

Step 1. Navigate to the menu panel on the left-hand side by selecting the ‘Show List of Applications
Icon’ (=left top corner).

Show list of applications

Step 2. In the menu panel on the left-hand side choose ‘Explore and Visualize’'.




Step 3. Enter “PHUSE_TrialFeasibility_ExploratoryAnalysis_Final” in the search box on the left-hand
side.

Explore and Visualize ey

Name i ks Mod

Bl PHUSE TrsFeasibilny_Eagliranarynglysia_Fing 1115721 19:54 PM

| PHUSE_TrialFeasibility ExpheratoryAnalysis_Final

Location:
| 545 Content/Publc/PHUSE_EU_CONNECT 2021

Double click the pre-built report (name) The report opens.

- PHUSE_TrialFsasibility_ExploratoryAnalysis_Final S B i
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e e
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Step 4. Edit the report. Hit first the pencil icon (top left corner) to navigate to editing mode.

PHUSE _Trial Feasibility_ExploratoryAnalysis_Final < B L |
ﬂ[mm‘mﬂ e V1 Batnand Vi MLAAME, Geograshical Darisunan [frngem Vi hesand Vo MLAME Aumnied Epaamon

STRINGENT ELIGIRILITY CRITERLA [pa Srucy Frosacol I crosria) RELAXED ELIGIBILITY CRITERLA (per SME - dropped

Once in editing mode, navigate to the top right corner, hit the menu icon (3 dots) and select the Save
as option.

[#] e PHUSE _TrialFeasibility_testtest k> m i@
8 >
e STRINGENT EUIGIBILITY CRITERIA (per Sty Prot RELAXED EUIGIBILITY CRITERIA (o S - dropped CHEST PAIN axel criwria) e e

Gender-§ Race-S Age Groups - S Gender - R Race - R

33K
gonder_desc 5, b oyl [
e @ Mala ¥ 2 ) AGEGROUP_10: Age Group (09,11 -
ML & SME driven EUGIBILITY CRITERIA
Gender - ML & SME Rece - ML & SME Age Groups - ML & SME

Save copy of the report under same folder (SAS Content/Public/PHUSE_EU_Connect_2021).
Save as “PHUSE_TrialFeasibility [Userlnitials]”.



ol (S o RS

Folders * SAS Centent ° Public © PHUSE_EU_CONNECT_2021

> B8 Model Repositories > B code > [ LC_Cohor_Dashboard_SH
> [0 Products > [ Cohern Builder Repors > [ PHUSE_TrialFeasibility_ExploratoryA
0 Projects > [ NewFolder > HUSE_TrialFeasibility_Test
£ Public > B3 PHUSE_EU_CONNECT_2021 > HUSE_TrislFeasibiliy_tesmest
B Projects > HUSE_TrialFeasibility, ar
B3 Reports > WE_Trial Feasibility_Exploratory An..
3 VA Use Case Deric > @ RWE_Trial Feasibility_Exploratory An.
L3 VA Use Case Shawn >
Name Type:
PHUSE _TrialFeasibility_testiest Report

You can stay in Editing mode. If you want however to exit editing mode, hit the pencil icon (top left
corner) again.

Step 5. In the “Baseline Characteristics” tab, we can see the comparison of baseline characteristics
between our 3 cohorts (Stringent, Relaxed and ML/SME). Data was automatically loaded from Cohort
Builder into SAS Viya In Memory (CAS engine).

Click around the pie chart(s) or bar chart(s) to see how the data and visual representation is
automatically changing accordingly. In the example below we filtered on “Female” and “90+” Age
group for all 3 cohorts. You can easily remove the filters again by removing these on top of the
screen.

STRINGENT ELIGIBILITY CRITERIA (per Study Protocol IE crieris) RELAXED ELIGIBILITY CRITERIA (per SME - dropped CHEST PAIN excl, criteris
Gender-S Race-S Age Groups - S Gender -R Race - R Age Groups - R
50% ¢ 2o Froquency
33K 19k 1. 45K y &
24 il 26K
ST —— 253%
gender_desc b, gender_desc 5 s
Fernale W Male . 2 B, AGEGROUP_10: Age Group (0-9. 1( W Fomale @ Male By, AGEGROUP_10: Age Group (0-9,
ML & SME driven ELIGIBILITY CRITERIA

Gender - ML & SME Race - ML & SME Age Groups - ML & SME

26K - u o

gender_desc AGEGROUP_10: Age Group (0-9, 10-19, 2029, 3039, 4049, .)
Femaie @ Male L] = 6049 W90+ 1 50-59 M Othe




Step 6. The next Characteristics tab represents the Geographical distribution of all 3 cohorts. You
can zoom in/zoom out; hover over to see numbers or get a tabular view with all figures (by
maximizing the screen using the arrow icon on the right-hand side, click it again to restore).
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Test Scientific Robustness

5. Test Scientific

Robustness

Step 7. The next tab is an Automated Explanation overview for all 3 cohorts of interest.

Explore relationship between variables: Using machine learning and natural language generation
(NLG) we are ‘out of the box’ providing information on which factors (variables) are most important
in predicting the outcome “MlI or Cardiac Cath”.

Please navigate through the 3 tabs (underneath automated explanation) to get a better

understanding of the data at hand. Select filter (0 or 1) and individual factors to explore the
interactivity of the report.

Eeang PHUSE_TrialFeasibility_TessUser - i m

wh ardine Cath? 2 I —
" iR

Wh What is the relationship between M| OR Cardisc Cath and ELIXHAUSER* Caridiac Arthythria?
P

What are the graups based

Step 8. Let’s now create your own Automated Analysis.

Navigate to the data icon on the left-hand side. Note that you can pin/unpin the pane at bottom left

corner of the screen. Select one of the 3 data sources (Stringent, Relaxed, ML_driven).
Edtng

What factors are most rela|




Now that you have selected the proper data source please navigate to the Objects library (left hand

side, below Data). Enter “Automated Explanation” in the Filter text box.
- |
Editing

Objects

|2 Auomated Explanation [-]

v Analyi

8 Avtomered explanson

Drag and Drop the object on the Automated Explanation Tab (see screenshot below).
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On the right-hand side open the Data Roles option. Select Stroke or HF_SE or Elixhauser Congestive
Heart Failure as Response variable (in the below example Stroke was selected).
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Hit the 3 dots besides the new automated explanation report, select move to, select Stacking
Container 1.

PHUSE TrialFeasibility_TestUser o mim

pmchogwmss  Demendes  Gatembeomag  Neowiemmet Mo Compenun Foraion O0 >+ 0

Singent Criteria - Auto Explanation

What are the characteristics of Ml OR Cardiac Cath?
VO Carliac Cath s # 63 224 1 g1

As a result, your new Automated explanation report is now part of the container (together with the
already existing 3 reports).

Sy PHUSE TrialFeasibility_TestUser
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Finally, you can remove variables that you feel are duplicate or not relevant. This can be done
directly in the graph (right mouse click/remove) - or in the Underlying Factors menu (on the right-
hand side).

For example, please remove some of the below variables.
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cohort_nm -1
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datasource - 1
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ELIXHAUSER*:Elixhauser Risk Factor Set Score - 62
Gender Code - 2
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Race Code-4

State - 52

Unique Member ID - 26K

ZIP Code - 1

Year of Birth
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Step 9. Next, let’s explore different ML models on all 3 cohorts.

Is the golden standards / industry standard approach (logistic regression) the best or is there another
(ML) approach we also need to consider? In addition, we also want to test the impact of the
eligibility criteria between all 3 cohorts on the statistical outcome.

Please navigate through the 3 tabs (underneath logistic regression) to get a better understanding of
the logistic regression analysis for Stringent, Relaxed and ML-SME Cohorts.

eaina che

p—— P Er— = r
Stringent Criteria - Logistic Regrasssion
Logistic Regression MI OR Cardiac Cath  (everca’ X3 (Voucer) | 01320 Observations Used 33311 | Creme Pipeine
Fit Summary Residual Plat
Residual
15
50
o —_——
00
e ot
25 ——
t 1 ! —
I 1 1
- s0
000 050 s 00
Prodicted Probability
Lift
ELIXHAUSER" Rthe Cumubstive Lift
EUL =
EUNHAUSER" Fu o
13
a 104
—
Qo1 000 00001 <0.00001 Fursaetie
[ —

Let’s create now your own ML models. Instead of creating the ML models from scratch we will
leverage the work we already completed on the automated analysis (previous step).

Navigate to the Automated Explanation tab and newly created Automated Analysis Report. Select
the 3 dots on the top right corner, select “Duplicate as“ and afterwards “Logistic Regression”.
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Move this newly created logistic regression report from the Automated Explanation Tab to the
Logistic Regression Tab. Select the 3 dots on the top right corner, select “Move to“ and afterwards
“Logistic Regression”.
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The newly created Logistic Regression analysis is now available under the correct Tab. Please move it
still to the same logistic regression container. Select newly created Logistic Regression analysis; hit
the 3 dots on the top right corner, select “Move to” and afterwards “Stacking container 2”.
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As a final step use right mouse click on the Confusion Matrix. Select Lift instead of Confusion Matrix.
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Now repeat the same the same steps for Gradient Boosting, Decision Tree and Neural Network.
You can start from the Automated Explanation (same approach as with Logistic Regression). Feel
free to explore the Options menu on the right-hand side for each of these objects / reports.

e Duplicate As — Decision Tree
e Duplicate As — Gradient Boosting
e Duplicate As — Neural Network (example below)
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Step 10. Finally, you want to compare all these ML models to find the best performing/best fit.

First, navigate to the existing Model Comparison Tab (below you can find an example from ML & SME
Criteria Cohort — Model Comparison). You will notice that Gradient Boosting is highlighted as the
champion model.

< Felaned Ve MUSME] | Geographics! Distribution (Swringent V. Relaned Vi MUSME Ausamesed Explenasen [ T — Decivion Tres Graciant Baosting Homors! Nertwerk > + 0
¢ Swingent Criteria - Model Comparisen  Relaxed Criteria (SME) - Model Comparison ML & SME Critesia - Modsl Camparison
Untitled .
o~
Model Comparisan MIOR Cardiac Cath Outcome  (evert=1) 1
Fit Statistic Lift
K5 (Youden) Cumulative Lift
Parcentile
Model o @ |
|

Note: When maximizing reports (using the arrow on the top right-hand corner — see screenshot
above) you will for each report get the underlying data (example below). To go back hit again the
arrow.
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No ML & SME Criteria - Neural Network | Neural Network 26,205 5 05 0631 6.867 83.677 13733 0751 0.372|08
No ML & SME Criteria - Logistic Regression | Logistic Regression 26,205 5 05 0632 6892 83.982 13783 0731 0.353|0.7




Let’s create now your own Model Comparison report.

Navigate to the Objects menu (left hand side) and search for Model comparison (or scroll down to
the SAS Visual Statistics section). Drag and Drop the Model Comparison option on the canvas.

[

In the next step select the Data Source you used to create your ML models previously (in my case it
was the ML_Driven Cohort).

Select the Response variable you used for your exercise (in my case it was Stroke). Select All
available models (Logistic Regression — Stroke 1, Decision Tree — Stroke 1,...) and hit the OK button.
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Model Comparison: Compares predictive models with matching criteria.
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The newly created model comparison is now available.
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For each report you can also change the Fit Statistic method applied by right clicking a mouse. See
below screenshot for options.
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PART 4 — Build Final Model(s)

6. Build Final
Model

Build Models using model pipelines (SAS, R, Python models)

Next, let us compare multiple models built in SAS, R and Python.

Step 1. Open R Studio and Install RandomForest package (no need to take action for Python)

Navigate to the Share and Collaborate menu

AHALTT L LBFE EF
Marsge Deia
Pregeare Dwts
Explors s Vualine
Bl Maclels
Maredes Modeh
B Deconsgeray
Share and Collatxoenin
Drerwidins DAL Coade

LS HLALTH

Select RStudio from the Quick Access menu and login with your same credentials.

£3 E)Studi J@f

SAS Videos Rstudio JupyterHub

Prepare Data Explore SAS Health All Recent Projects Reports Build Models Manage Moc



In R, make sure you install the randomForest package using

the install.packages(‘'randomForest’) code. See screenshot below.

@ File Edit Code View Plots Session Bulld Debug Profile Tools
o . O - . A Co 1o file/functior = Addins =

Console  Terminal

8

R version 3.6.9 (2019-04-26) -- "Planting of a Tree”
Copyright (C) 2019 The R Foundation for Statistical Computing
Platform: x86_64-redhat-linux-gnu (64-bit)

R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions.
Type ‘license()" or 'licence()' for distribution details.
Natural language support but running in an English locale

R is a collaborative project with many contributors.

Type ‘contributors()’' for more information and

‘citation()' on how to cite R or R packages in publications.
)Type ‘demo()' for some demos, ‘help()' for on-line help, or
‘help.start()' for an HTML browser interface to help.

Type 'q()' to quit R,

> instgll.packages('randomForest')

Exit R Studio.

Step 2. Navigate to “Build Models” to access SAS Model Studio.

SAS® HEALTH

Build Cohorts

Map Data

Step 3. Hit the New Project button to create a New Model Project.

Projects
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e




Step 4. In the New Project window assign a project name.

For the Type of project please keep Data Mining and Machine Learning.

[ Data Mining and Machine Learning v ]

Data Mining and Machine Learning

For template option please select RWE Trial Feasibility PHUSE and hit the OK button.

D R Teg! Fpam bidity ProJss Q |

Template Mame ' Erezcniption Cwaner Last Moddied '

Tral Feasbity PHUSE Samiul Hague Now 17,2021, %R AM

In the data field click on the Browse button and select ACS_MLTABLE from available data tables.

x i
Now Project

Name

[ Model Pipeline PHUSE (TEST) |

Type: *

Data Mining and Machine Learning T
Template

RWE Trial Feasibility PHUSE * | Browse
Data: *

Public ACS_MLTABLE Browse

Description

Advanced

Save Cancel

Click on Save.



Step 5. Navigate to the Pipelines tab to see the model pipeline you created.

Note: This pipeline consists of one Python Forest model, one R Forest model and 3 SAS models
(Gradient Boosting, Decision Tree, Logistic Regression).

@ i= | Model Pipeline PHUSE (TEST) =23

Pipeine cm®
= R Forest (=N}

Run Pipeline

Hom

v v v
2, Gradient Boosting i ‘ fi Decision Tree i Lt Logistic Regression

an

3 Pytnan Forss: [ ‘ B R ot [

W Model Comparison

Step 6. You can review the code behind the models.

Click “R Forest” model and then click “Open Code Editor” on the right-hand side to review the R
code. Hit “Close” after reviewing the code.

) 2 |# Builds Random Forest model with 100 trees
4 |library(randomForest)
6 # Fit RandomForest model w/ training ta
7 |dm_model <- randomForest(dm_model_formula, ntree-108, dats=dm_traindf, importance=TRUE)
8

# Save MSE

11 arest MSE Plot')

14 |# Save VarisbleImportance to CSV

15 |jwrite.csv(importance(dm_model), file="rpt_forestIMP.csv", row.names=TRUE)
7 # Score full data

8 reddf <- data.frame(predict(de_model, dm_inputdf, type="prob"))

£} colnames(dm_scoreddf) <- c("P_AV_MI_CC_FLGB™, "P_AV MI_CC_FLG1")




Step 7. Run the Pipeline (top right corner button).
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Step 8. You can review the model results from each individual model as well as the model

comparison results.

To navigate to a specific model result, please select the model and use the right mouse button to
see the Results option (example below for SAS logistic regression). You can perform the same action

for each individual model.

Logistic Regression

1! Logatc Regresson

Ltraning Propertes




Results Logistic Regression (see below). Please navigate to the different results sections (nodes tab)
as well as all other information (assessment tab). Go back to the pipeline using the Close button on

the top right corner.

TEST) © “Logistic Rugression” Results

tvakie
i

Parameter

el Sign Estimate

ction Summary L Regression Fit Sttt

Step  Effect Entared Humbor of Effucts Optimal S8C Statistic

ML

Step 9. Navigate to the Results of the Model Comparison (SAS, R and Python models) using the same
approach (right mouse click — Results).

P——

3 Aodel Comparion

§ Femame

The Logistic Regression (SAS model) appears to best performing model.

KS [Voudsn) Misclossification Rate.




Please explore the different graphs on the assessment tab (example below) to better understand the
overall results.

1- Specificity

L2

Test: Dacision Troe Train: Gradient Boosting

Finally, we will close the workshop with a short Quiz (10 questions).

The TOP 3 participants are receiving some cool gadgets!

Are you Ready?

>> Please go back to the main room if you completed the hands-on session <<




