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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).  

 

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

actual cohort in 1.3.  

 

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

 

 



   
 

   
 

PART 1 – Define, Build and Analyze a Cohort   
 

  

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://sashealth1.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). 

 
 

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

 

  

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


   
 

   
 

Creation of Cohort with Stringent Eligibility Criteria  

Step 1. Navigate to the Projects Tab. 

 

 

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”. 

 

 

 

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

 



   
 

   
 

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. 

 

 

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.  

 
  



   
 

   
 

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.  

 

 

 

Step 8. Select “I24.0”, and then click “Show in hierarchy” icon at the far right-hand side for the same 

record. 

 

 



   
 

   
 

Step 9. The full hierarchy will be visible including the initial selection you made. After making the 

final selection of all “I24.x”, click “Add Codes and Close” 

 

 

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

 

 

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) 

 

 

 

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.  

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.  



   
 

   
 

 

Repeat the same steps for other 2 variables. 

 

 

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.  

 
  



   
 

   
 

Step 16. Tick the checkbox along the compound expression and click the “NOT” Boolean operator to 

make it as the exclusion criteria.  

 

 
  

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). 

  

 

 

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” 

 

 



   
 

   
 

Step 21. Click the variable “MI OR Cardiac Cath” in the right-hand side pane. 

Select “Outcome” as Analysis role. Hit afterwards “OK” 

 

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. 

 
 

 
 

  

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. 

 

 
 

 
 

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

 

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” 

 

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

around same time… 



   
 

   
 

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

  



   
 

   
 

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”. 

 

 

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. 

 

 

 



   
 

   
 

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). 

 

 

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 ( ) 

 



   
 

   
 

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. 

 

 
 

 
[Logistic Regression Model Add-in] 

 

 
 

 

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.    



   
 

   
 

[Cohort Comparison Add-in] 

 

 

 

 

 

  



   
 

   
 

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

Approach  
 

 

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.  



   
 

   
 

 

 

 

Step 3. Click “Run code” to execute the SAS program. 

 



   
 

   
 

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.  

 

 

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 3rd Cohort based on the combination 

of this output and his/her domain expertise. 

  



   
 

   
 

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

 

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). 

 
 

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

 

 

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) 

 

  



   
 

   
 

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. 

 

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

 

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

object. 

 

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

1/ The variable importance (ranking) can be observed in the Console by entering 

“results$DTreeVarImpInfo” 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 3rd Cohort based on the combination 

of this output and his/her domain expertise. 

 

The way of creating this 3rd 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 
 

 

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). 

 
 

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

 

 

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)

 



   
 

   
 

Step 4.  Enter your username and password to log in to jupyterhub 

 

 

 

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

 
 

 

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

 
 

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 3rd Cohort based on the combination 

of this output and his/her domain expertise. 

 

 
 

 

 

 

 

The way of creating this 3rd 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  

 

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). 

 
 

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.  

 
 

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

 
 

Step 4. Edit the report. Hit first the pencil icon (top left corner) to navigate to editing mode. 

 
 

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

as option. 

 
 

Save copy of the report under same folder (SAS Content/Public/PHUSE_EU_Connect_2021).  

Save as “PHUSE_TrialFeasibility_[UserInitials]”. 



   
 

   
 

 

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. 

 

  



   
 

   
 

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). 

 

 

 

 



   
 

   
 

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 “MI 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. 

 

 

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).  

 

  



   
 

   
 

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.  

 
 

Drag and Drop the object on the Automated Explanation Tab (see screenshot below). 

 
 

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).  

 

  



   
 

   
 

Hit the 3 dots besides the new automated explanation report, select move to, select Stacking 

Container 1.

 

As a result, your new Automated explanation report is now part of the container (together with the 

already existing 3 reports).  

 

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. 

  



   
 

   
 

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. 

 

 
 

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”.  

 
 

  



   
 

   
 

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”.  

 

 
 

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”.  

 

 
 

 

 

 

  



   
 

   
 

As a final step use right mouse click on the Confusion Matrix. Select Lift instead of Confusion Matrix. 

 
 

 
 

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. 

 

• Duplicate As – Decision Tree 

• Duplicate As – Gradient Boosting 

• Duplicate As – Neural Network (example below) 

  



   
 

   
 

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.  

  
 

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. 

 

 
  

  



   
 

   
 

 

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. 

 

  



   
 

   
 

The newly created model comparison is now available. 

 
 

For each report you can also change the Fit Statistic method applied by right clicking a mouse. See 

below screenshot for options. 

 

 

 

 

 

 

 

 

 



   
 

   
 

PART 4 – Build Final Model(s)  
 

 

 

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 

 
 

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

 

 
 

  



   
 

   
 

In R, make sure you install the randomForest package using  

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

 

 
 

Exit R Studio. 

 

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

 

 

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

 

 

 

 

 



   
 

   
 

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

 

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

 
 

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

 
 

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

 

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). 

 

 
 

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.  

 

  



   
 

   
 

Step 7. Run the Pipeline (top right corner button). 

 

 

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. 

 

  

  



   
 

   
 

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. 

 

 

 

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

approach (right mouse click – Results). 

 

 
 

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

 
 

  



   
 

   
 

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

overall results. 

 

 

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 << 


