PharmaSUG 2017 - Paper HAQ7
Analyzing Clinical Trial Data from Multiple Studies

Using SAS® Real World Evidence
Jay Paulson, Data Scientist, Health and Life Sciences R&D, SAS Institute
David Olaleye, Senior Manager, Health and Life Sciences R&D, SAS Institute

ABSTRACT

This paper explains how SAS® Real World Evidence solution makes use of data sets obtained from
multiple clinical trial data sources to derive intelligence beyond the scope of a typical clinical trial. By
using Prostate Cancer clinical trial data from Project Data Sphere as example, this paper explains the
concept of Workspaces, Index Cohorts, Population Cohorts and Expressions. Then the paper explains
how users can create Workspaces, Index Cohorts, Population Cohorts and Expressions within SAS® Real
World Evidence framework to perform analysis. The paper also explains how Index and Population
cohorts will be used to perform analyses, derive insights and answer critical research questions.

INTRODUCTION

In clinical research, data from completed clinical trials have been protected and used exclusively for their
own business purposes by both academic researchers and pharmaceutical companies primarily for
competitive reasons although this data provides a wealth of information and insights into several diseases
for which no cure have been found. The idea of clinical trial data sharing is moving beyond past hurdles
with the emergence of several sharing models like Project Data Sphere (PDS). The availability of sharing
models combined with the power of SAS® Real World Evidence provide researchers unprecedented
access to a wealth of information. After downloading data from multiple clinical trials the data needs to be
mapped and integrated to make it ready for SAS® Real World Evidence. Once the data is available to
SAS® Real World Evidence researchers can leverage the power of SAS technologies to analyze the data.

DATA FROM PROJECT DATA SPHERE

For this paper, we have used Prostate cancer trial data from Project Data Sphere (PDS). PDS is an
example of an active open-source data-sharing model. PDS is a free digital library-data laboratory that
was launched in 2014 as an independent, nonprofit initiative of the CEO Roundtable on Cancer, which
was founded in 2001 to develop and implement initiatives that reduce the risk of cancer, enable early
diagnosis, facilitate access to the best available treatments, and hasten the discovery of new and more
effective anticancer therapies. A Web-based platform for accessing open-source data was developed for
PDS by SAS Institute. Using this website, researchers can download, share, integrate, and analyze
patient-level data. Data contributors are provided access to deidentification and data-standardization
protocols, as well as to templates of legal agreements, including standardized data-sharing and online-
services user agreements. Users of the site have access to analytic tools developed by SAS Institute.
Anyone interested in cancer research can use the website, if they register and agree to a responsible-use
attestation. PDS is funded by the engagement of a wide range of stakeholders that together ameliorate
the burden of securing adequate funding from a single organization or institution (Bertagnolli et al., 2017).

PROSTATE CANCER TRIAL DATA FROM PROJECT DATA SPHERE

Prostate Cancer data from 13 clinical trials were downloaded from Project Data Sphere website as SAS
data sets into 13 different folders. These data sets were checked for data quality before mapping and
integration.
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MAPPING PROJECT DATA SPHERE DATA TO SAS® REAL WORLD EVIDENCE

As the data sets from multiple clinical trials have variations in structure and format based on the study
design across multiple trials, a thorough review of relevant documents including case report form and
clinical trial protocol document for each trial was required. As it was virtually impossible to collect some
key data elements required in SAS® Real World Evidence (e.g., date of birth of the subject) these
elements had to be derived. A summary of different steps involved is given in Figure 1.

N
eReview Clinical Trial Protocol document
Ut aetl| *Review Case Report Form
data from
each Trial
eAssign Screening Date
eDerive approximate birth date using age and screening date
De . 2 e eDerive other data elements if required )

ePerform data mapping
Data eCreate data sets in SAS® Real World Evidence format for each trial

\/ ePerform data integration

Figure 1. Steps in mapping Project Data Sphere data to SAS® Real World Evidence

INTRODUCTION TO SAS® REAL WORLD EVIDENCE

SAS® Real World Evidence lets researchers and analysts harness the power of real-world and health
care data to gain insights. Data can come from multiple data sources and vendors. Workflows have been
created to walk users through the process of defining and building a cohort, which is a list of patients that
meet specific criteria. SAS® Real World Evidence main page is shown in Figure 2.
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Figure 2. SAS® Real World Evidence main page

UPLOADING DATA INTO SAS® REAL WORLD EVIDENCE

SAS® Real World Evidence provides a tool for uploading data. This tool can be accessed from SAS® Real
World Evidence administration module. Figure 3 shows the input data administration screen. From the
administration screen a user can bring up the screen to define a new input data source. This screen
allows the user to pick raw data files from a hard drive for uploading to SAS® Real World Evidence as
shown in Figure 4.

After the data is validated and uploaded successfully, it will get listed on the input data administration
screen. For example, we created the data source named “PDS_Prostate _v1” in SAS® Real World
Evidence with Prostate cancer data sets as shown in Figure 5. This data source will be used as example
throughout this paper.
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= SAS® Real World Evidence 4.1 @ rweowner

ADMINISTRATION » Input Data

#* | select

Name - Status Description Date Created Member Count

50k_1104_ICD9 Validated 50k_1104_ICD9 Feb 13,2017, 11:12:00 AM 49631
800k_0909_ICD9_ICD10 Validated 800k_0909_ICD9_ICD10 Nov 30, 2016, 10:42:25 AM 800000
Some 1K files Validated A few small files (member, enroll, provider, rx) Mar 11,2017, 9:46:53 PM 1000

Figure 3. Administration screen for loading data to SAS® Real World Evidence

New Input Data Source

Name: * PDS_Prostate_v1
Description: * PDS Prostate Cancer Data
Email: *

replies-disabled@sas.com

Available items (0) Selected items (8);

No data
rwe_enroll.sas7bdat

rwe_member.sas7bdat
rwe_obsn_labs.sas7bdat

rwe_obsn_vital.sas7bdat

rwe_provider.sas7bdat

rwe_rx.sas/bdat

rwe_service_codes.sas7bdat

rwe services.sas/bdat
oK Cancel

Figure 4. Defining a new input data source in SAS® Real World Evidence

The input data administration screen (Figure 5) shows the new data with the status “Validated”. The
details of uploaded data sets can be viewed as shown in Figure 6.
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= SAS® Real World Evidence 4.1 © rweowner
ADMINISTRATION Input Data
* P sclea
Name - Status Description Date Created Member Count
50k_1104_ICD9 Validated 50k_1104_ICD9 Feb 13,2017, 11:12:00 AM 49631
800k_0909_ICD9_ICD10 Validated 800k_0909_ICD9_ICD10 Nov 30, 2016, 10:42:25 AM 800000
PDS_Prostate_v1 Validated PDS Prostate Cancer Data Mar 30,2017, 10:01:37 AM 8544
Some 1K files Velidated Afew small files (member, enroll, provider, rx) Mar 1,2017, 9:46:53 PM 1000
. . . ® .
Figure 5. Validated data in SAS® Real World Evidence

= SAS® Real World Evidence 4.1 @ rweowner
ADMINISTRATION Input Data

< ¥8 PDS_Prostate_v1 @ Close

Properties Validation Results Files

Files 4 Date Created Size
rwe_enroll.sas7bdat Mar 30,2017, 10:01:49 AM 512KB
rwe_member.sas7bdat Mar 30,2017, 10:01:49 AM 832KB
rwe_obsn_labs.sas7bdat Mar 30,2017, 10:01:53 AM 303.88 MB
rwe_obsn_vital.sas7bdat Mar 30,2017, 10:01:50 AM 47.19 MB
rwe_provider.sas7bdat Mar 30,2017, 10:01:42 AM 192 KB
rwe_rx.sas7bdat Mar 30,2017, 10:01:49 AM 10.19 MB
rwe_service_codes.sas/bdat Mar 30, 2017, 10:01:49 AM 6.81 MB
rwe_services.sas/bdat Mar 30,2017, 10:01:49 AM 4.75 MB

Figure 6. Details of validated data

CONCEPT OF WORKSPACES

Workspaces contain the jobs that create cohorts, plus the cohorts themselves, along with any reports and
data that are created for the cohort and modeling jobs. For example, Figure 7 shows five workspaces.
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rweowner

= SAS® Real World Evidence 4.1 (2]

WORKSPACES

L3 WORKSPACES - 5 New Workspace

o]
is! DEFINITIONS Dave Workspace - Nora Test -

ADMINISTRATION

& 500k_0909_ICD9_ICD10

& 50k_1104_ICD?
=] 1104

== Patient count: 800,000 &= Patient count: 49,631
Open Open
SuzieWs 4.1 - George -

Use for comparison with 4.1

& 50k_1104_ICD?
= 50k_1104

& 50k_1104_ICDY
—] 1104
== Patient count: 49,631 =

Patient count: 49,631

Open Open
Laurie - Test -
PM Demo
&= 500k_0909_ICD9_ICD10
&= Patient count: 800,000
Open

Figure 7. Workspaces in SAS® Real World Evidence

CREATING A WORKSPACE IN SAS® REAL WORLD EVIDENCE

A new workspace called “PDS_WS1” was created for our analysis using the data source
“PDS_Prostate_v1” as shown in Figure 8.

New Workspace

Name * Description

PDS_WS1 Work space for Project Data Sphere Prostate Cancer data analysis

Data Data Description

O 50k_1104_1CD?
O 800k_0909_ICD?_ICD10
) PDS_Prostate_v1

O Some 1Kfiles

50k_1104_ICD?
800k_0909_ICD9_ICD10

PDS Prostate Cancer Data

Afew small files (member, enroll, provider, rx)

Member Count
49631

800000

8544

1000

Figure 8. Creating a new workspace in SAS® Real World Evidence



Analyzing Clinical Trial Data from Multiple Studies Using SAS® Real World Evidence, continued

ANALYZING WORKSPACE PROFILE

Right after the workspace is created, SAS® Real World Evidence provides a wealth of information about
the workspace including workspace profiling report (Figure 9) and a snapshot of data sets (Figure 10).
For example, the age distribution graph in Figure 9 indicates that the highest number of Prostate cancer
patients are in the age group “65-<70” with a total of 2139 patients. As indicated in the pie chart (bottom,
middle) about 20% of the subjects died during trials.

ada
Cohorts

[ Repom (1) | 5 DomaSe(e) | @ Proporia

Workspace Profiling [& [R

Distribution of Age (as of the patient's first dated record)

213

Patients

Gender

‘Age Fange
1045 01520 02025 B25.0 0 30<35 03520 04045 0 4550 0 5055
155450 [ 6065 06570 [ 7075 [ 7580 [ B0-<A5 [ 530 [ 8085 [ S6.€100

7%
100% 100%
7083%.

—Male Mo ves —ssing
Gonder Death Date Presant Ethnicity

Workspace "PDS,

Figure 9. Analyze workspace profile

Snapshots of all data sets give users a feel for the data including key variables, data quality etc. A
snapshot of labs data is given in Figure 10.

= SAS® Real World Evidence 4.1 @  rweowner

WORKSPACES », PDS_WS1

Cohorts

Oper

SE | PROV_SW_PROSTRATE | 00619300-00909-2 | E5CEIID

PROV_SN_PRCSTRATE 73 006193 32 000 202

PROSTRATE 79 006173 32 007 202

PROV_SH_PROSTRATE 70 C0510303007205-2

Figure 10. Details of data sets in the workspace
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CONCEPT OF COHORTS

A cohort is a group of subjects being analyzed. There are two types of cohorts: Population Cohort and
Index Event Cohort.

POPULATION COHORT

A Population Cohort enables users to identify patients who meet selected criteria within a specified study
period.

INDEX EVENT COHORT
An Index Event Cohort enables users to identify patients that meet the following criteria:

e have an index event within the identification window. The identification window is the period
during which the index event must occur for the patient to qualify for the cohort.

e meetindicated enroliment requirements, if applicable
¢ have data for the entire study period

e meetindicated criteria for additional parameters, if specified

CREATING A POPULATION COHORT

A population cohort was created based on the PDS Prostate Cancer data for the subjects who are age 65
or above. The objective of this cohort is to analyze the characteristics of Prostate Cancer patients who
are senior citizens. Figure 11 shows how the population cohort was created.

New Population Cohort  Definition - Step 1 of 2

Study pariod end dase:

Jan 18,2013 o]

ing cohorts and indsx svant definitions.

Figure 11. Creating a Population Cohort

After a cohort is defined, the user gets the opportunity to narrow down the results further by providing
specific details about the cohort including demographic details, lab tests, vital signs, drug code etc. using
Expression Builder functionality as shown in Figure 12.
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ctVariable Category Fatient court 3107 Aetd

fariable

Figure 12. Using expressions

After a population cohort is created, details about the cohort is displayed on the cohort main screen
(Figure 13). For example, the Prostate Cancer cohort has 3107 patients and study period ranges from
June 11, 1994 to January 18, 2013.

= SAS® Real World Evidence 4.1 ©  rweowner

Cehort - Final

» Properties
+ Definition and Qualifications
Study period date range
Jun 11,1994 - Jan 18,2013
Enroliment:
No insurance coverage required
v Expression

Age &t Study Start” greater than or equal to *65"

WORKSPACES PDS WS$1 Cohorts PDS_Prostate_Seniors
Total population count: 8,544 Qualified patient count: 8,541 Cohort count: 3,107 Copy Cohort || ExportCohort || Delete Cohont
4 Populstion Cohort [ Reporz=(3) B3 Data Sets (3] P Models

Edit Expression

Figure 13. Population Cohort
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A detailed analysis of cohort demographics can be performed using the cohort summary screen (Figure
14). Details about different data sets in the cohort can be obtained from the data sets tab (Figure 15).

= 5AS® Real World Evidence 4.1 @  rweowner

WORKSPACES » PDS WS1 » Cohorts » PDS_Prostate_Seniors

Total population count: 8,544 Qualified patient count: 8,541 Cohort counts 3,707 Gopy Cohort || Export Gohort || Delete Gohort

4 Fosulation Coort | [B i
B ([ conorsummay ¥ | [{ 2] Losdso

Cahon Crested AR 102026 Riepon Generted AR 10:2025
Cohort Summary Report
Population Cohort: PDS_Prostate_Seniors
Workspace: PDS_WS1

3 |V Modsl

2000 g -
H @
H
H

1000

™
o
o #1100
Age Group
[Gender B ]
Age Range

Gender

|
™ N |
sl

Gender = Male

& 70 7 E3 3 E3
‘Age when Cohart Study Started

Sum of Weight = .

Figure 14. Cohort Summary

Vorld Evidence @  JayPaulsor

WORKSPACES » PDS WS1 » Cohorts » PDS_Prostate_Seniors

Total population count: 8,544 Qualified patient count: 8,541 Cohort count: 3,107 Copy Cohort Export Cohort
& Population Cohort [B] Reports(4) P Models
pgs_prequal_members_ds [R pgs_subset_components_ds [ pas_subset_members_ds [R

Data set: PQS_SUBSET_MEMBERS_DS (First 100 Rows out of 3,107)

Cohort study

006193-032-007-801 January 18,2013

006193-038-002-701 January 18,2013

006193-276-008-602 January 18,2013
006193-410-308-401 January 18,2013

006193-410-308-501 January 18,2013

006193-430-708-401 January 18,2013

006193-450-208-501 January 18,2013

006193-450-608-701 January 18, 2013

006193-450-608-801 January 18,2013

006193-450-608-901 January 18,2013

006193-458-003-801 January 18, 2013

006193-460-108-401 January 18,2013

006193-460-108-901 January 18,2013

006193-450-208-501 January 18,2013

006193-480-108-401 January 18, 2013

Figure 15. Cohort data sets
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ANALYTICAL MODELS

Analytical models in SAS® Real World Evidence can be used to perform in-depth analysis of cohort data.
One example is the Cohort Characterization Model that provides an analysis of key characteristics of a
cohort including service activity, medications, and diagnoses.

COHORT CHARACTERIZATION

For the PDS Prostrate data we analyzed the demographics using the charts in Figure 16. Top drugs
taken by these subjects based on frequency were analyzed using the table in Figure 17. The #1 drug was
Acetylsalicylic acid, an analgesic. Top adverse event based on frequency for this cohort was found to be
Fatigue followed by Constipation and Nausea (Figure 18).

== SAS® Real World Evidence 4.1

WORKSPACES PDS WS1 Cohorts PDS Prostrate Seniors Cohort Characterization

Cohort Created 29U 2017:16:4504 Report Generated 25Mar2017-16:3521
PDS_Prostrate_Seniors Study
Cohort Type: Population
Age Distribution
Age at Start of Study

2000

Patients
Patients

0
Age Group. e
Gender

Figure 16. Cohort Characterization-Demographics
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= SAS® Real World Evidence 4.1 @ JayPaulson
WORKSPACES > PDS WS1 Cohorts PDS Prostate Seniors Cohort Characterization

Y Modsl | [E] Repors(4) | [EB DatsSers(0)
5 Cohort TopNDrugs v | [@

Cohort Created 30Mar2017:10:18:53 Report Generated 30Mar2017:10:27:17

PDS_Prostate_Seniors Study
Cohort Type: Population
Top 20 Drugs - Not in Expressions

Code Set=NDC Drug Codes

Patients Records |
Code Description Total % Cohort Total Average |
53457000101 AGETVLSALICYLIC ACID 105 34% 217 21 |
00093022001 BICALUTAMIDE 98 32% 109 11 |
00054001720 PREDNISONE 91 29% 174 19 ‘
00023334807 DEXAMETHASONE 85 27% 913 107 |
00069914111 DOCETAXEL 78 25% m 14 ‘
42874001210 INFLUENZA VACCINE 70 23% 76 11 {
00067014385 ASPIRIN 69 22% 88 12 |
00069324122 CIPROFLOXACIN &0 1.9% 128 21 {
00113004010 IBUPROFEN 57 1.8% 10 19 ‘
00009316906 ALPROSTADIL 54 17% 60 11 |
00093226301 AMOXICILLIN 54 17% 85 12 ‘ -
00172496058 FLUTAMIDE 53 17% 65 12 }
Figure 17. Cohort Characterization-Top Drugs based on frequency
= SAS® Real World Evidence 4.1 @ JayPaulson
WORKSPACES PDS WS1 Cohorts PDS Prostate Seniors Cohort Characterization
B} DetsSes(0)
= T
Cohort Created 30Mar2017:10:18:53 Report Generated 30Mar2017:10:27:17 4
PDS_Prostate_Seniors Study
Cohort Type: Population
Top 20 Diagnoses - Not in Expressions
Code Set=MEDDRA Codes
Patients Records |
Code Description Total % Cohort Total Average |
10016256 Fatigue 228 73% 300 13 |
10010774 Constipation 180 58% 205 11 ‘
10028813 Nausea 131 42% 198 15 |
10020772 Hypertension 124 40% 130 10 ‘
10006002 Bone pain 120 39% 161 13 |
10002034 Anaemia 16 3T% 193 17 ‘
10030124 Cedema peripheral 116 37% 150 13 |
10003988 Back pain 10 35% 136 12 ‘
10003549 Asthenia 100 3.2% 127 13 |
10003239 Arthralgia 98 32% 129 13 ‘
10012735 Diarhoea 85 27% 141 17 |
| [10001780 Alopecia 84 27% 85 10 |

Figure 18. Cohort Characterization-Top Adverse Events based on frequency

CONCLUSION

This analysis demonstrates the power of SAS® Real World Evidence in analyzing and gaining insights
beyond the scope of a single clinical trial. Although the definition of Real World Evidence is still evolving,
most proponents associate Real World Evidence with data that is derived from medical practice among
heterogeneous sets of patients in real-life practice settings, such as insurance claims data and clinical
data from electronic health records. SAS® Real World Evidence has the power and versatility to make this
possible.
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