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Introduction

• This paper offers a high-level discussion of the migration, 
problems envisioned, and then describes some of the 
more technical aspects and solutions linked to this 
planned migration

• Special focus is on possible ways to automate the 
adaptation of existing SAS programs to the new 
environment

• Several relevant topics (training, business processes, 
system support) have already been covered in a paper 
presented during the 2022 EU PHUSE Connect in Belfast
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RCDF in a Nutshell
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RCDF in a 

Nutshell

• The RCDF programme aims to identify systems and processes to allow the company 
to scale up clinical research activities as needed.

• The poster below, presented during the virtual 2021 EU PHUSE Connect, describes 
the RCDF vision.

• Since then, more details have been hammered out, but the overall picture remains 
the same.
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RCDF Impact on 

Systems

• Changes in systems and processes, both planned and already 
implemented, are many and cover a wide variety of topics

• This presentation concentrates on those relevant to the roles of 
Clinical Programmer, Statistical Programmer, and Statistician

• Most activities by both Data Management (DM) and Analysis & 
Reporting (A&R) are performed in entimICE-AZ, the AZ-specific 
implementation of the entimICE® DARE environment, by Entimo® AG

• All A&R activities and the DM ones requiring access to SAS will move 
from entimICE-AZ to LSAF over a prolonged period

• Part of the existing user base will need to be trained on LSAF and 
the new business processes while still working in entimICE-AZ

• LSAF is only one piece of a very complex puzzle, and several new 
integrations are being worked on

• E.g., raw data will need to be directed to one of the two systems 
and then exchanged between them constantly to work on 
integrated analyses
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Comparison of  

Source and 

Target A&R 

Systems

• Both entimICE-AZ and LSAF are modern Statistical Computing 
Environments (SCE): closed, customisable environments with 
controlled access and full audit trail, offering a host of other tools 
and capabilities

• Having been designed at different times, they have different 
technical approaches to their architectures

• This is reflected in how some common issues have been addressed

• In AstraZeneca both systems are accessed via a Citrix desktop with 
restricted Internet access, so that downloaded files remain in a 
controlled environment and cannot be easily shared outside of it
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Main High-level 

Differences

• One architectural difference especially relevant to programmers is 
the type of interaction with the SAS System

• While entimICE-AZ acts as a frontend, launching external sessions 
when needed, LSAF is built on top and fully integrated with it, 
allowing an easier interaction with the programming environment 
while developing code

• E.g., the datasets and views in the SASHELP library are accessible 
interactively in LSAF, but not in entimICE-AZ

• The LSAF program editor is similar to the one offered in SAS 
Studio, while in entimICE-AZ it is the standard one provided in 
Eclipse

• In entimICE-AZ the location of all objects needed by a program must 
be specified via ‘links’, while no such need exists for LSAF

• In my experience this is one of the hardest concepts for users of 
entimICE to comprehend
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Main High-level 

Differences 

(cont)

• The default encoding of SAS sessions is (W)LATIN1 for entimICE-AZ 
and UTF-8 for LSAF

• This has implications when migrating datasets between systems or 
receiving them from external vendors

• In LSAF it is impossible to use the ‘X’ command and similar ones to 
open a shell to the underlying operating system in SAS programs 

• This ensures that the audit trail is always active and can correctly 
record any action performed by users

• entimICE-AZ is physically located in a Swedish AZ data centre and 
maintained internally, while LSAF is cloud-based and managed by 
SAS Institute
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Folder Structures

• The entimICE-AZ folder structure was designed almost 10 years ago 
to make the most of the characteristics offered by the system

• The A&R top branch (‘cdar’, Clinical Data Analysis & Reporting) is 
organized according to a [project]/[study]/[functional 
area]/[reporting event]/[delivery]/[execution area] hierarchy

• It forces a high level of standardization by reusing the same basic 
structures in multiple places

• New folders can only be created via context menu entries, and 
their naming is fixed in several cases

• The new LSAF folder structure is still being completely defined

• The A&R top branch (‘ar’) is organized according to a 
[project]/[study]/[reporting event]/[execution area]/[delivery] 
hierarchy

• Only IT staff can create new contexts (high-level folders) in the 
repository

• Users are able to create new folders only at the lower levels of the 
repository
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Folder Structures 

(cont)
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Left: entimICE-AZ folder structure; right: LSAF folder structure



Folder Structures 

(cont)
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• While the new LSAF standard structure is broadly similar 
to the entimICE-AZ one, some of the changes introduced 
complicate the migration of objects from entimICE-AZ to 
LSAF, e.g.

• the swapping of [delivery] and [execution area] levels

• the removal of the ‘dev’ execution area

• the different location of ‘doc’ folders



Environment 

Variables – 

entimICE-AZ

• Both systems provide several automatic environment variables, 
available as macro variables in SAS programs 

• These variables allow users to write highly portable code

• In entimICE-AZ several of these variable and their values are listed at 
the beginning of log files

• The logs show other useful information like the operating system, 
the version of SAS and the session encoding
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Environment 

Variables – 

LSAF

• In LSAF the number of automatic environment variables is more 
limited

• The logs show the same system information (apart from the session 
encoding, which is fixed to UTF-8)
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The %Setup 

Macro

• An environment initialisation macro, named ‘setup.sas’, has been 
developed in entimICE-AZ

• Its aim is to create a programming environment as standardised as 
possible, with a set of predefined common library names, additional 
macro variables and other assets to be used in programs

• Parallel versions of several macro variables are created, ending with 
an ‘X’, derived from the physical path rather than from each node’s 
properties
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The %Setup 

Macro (cont)

• The macro has been ported to LSAF with several changes, mostly 
linked to the differences in folder structure and system terminology, 
e.g., ‘NAME’ has been often replaced with ‘CONTEXT’

• A handful of the entimICE automatic macro variables are also 
recreated
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The %Setup 

Macro (cont)

• To increase flexibility, on both platforms setup.sas can automatically 
include and execute another macro (localsetup.sas), which can thus 
be used to further tailor the programming environment

• The example below is from entimICE-AZ
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Identifying and 

Applying 

Changes in SAS 

Programs

• As described earlier, in the LSAF version of setup.sas the names of 
several macro variables have changed, and one macro variable has 
disappeared completely

• When designing the process to adapt automatically SAS programs 
written in entimICE-AZ to work in the new system, we decided to 
apply as few changes to the source code as possible

• The aim is to make it easier to spot meaningful differences when 
comparing the two versions
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Recreate Missing 

Variables

• The first step was to recreate some of the missing entimICE-AZ 
macro variables taking advantage of the localsetup.sas functionality 
mentioned earlier

• A specially tailored LSAF version of that macro was developed
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Identify 

Modifications

• We run an initial analysis on a small set of programs, to identify the 
most common situations where code changes were needed

• The resulting list is a work in progress, and the inspection of 
additional programs is expected to highlight further common code to 
include in the list

• Some of the changes identified until now:

• Whenever values for [project], [study], [reporting event] and 
[delivery] are hardcoded, replace them with the corresponding 
entimICE-AZ macro variables

• Since programs have been developed on a variety of operating 
systems using different representations for end-of-line, make it 
homogeneous

• Remove dots appended to macro variable names when not 
needed

• Remove unnecessary blanks
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Identify 

Modifications 

(cont)

• Make sure the existing calls to %setup execute localsetup.sas 
(added manually when not already present)

• Exchange hardcoded entimICE-AZ folders (root, cdar, ar) with 
macro variables

• Change execution area values (dev, prod, work_???) into either 
macro variables or corresponding LSAF values

• Swap position of [delivery] and [execution area] in paths

• Change ‘common’ into ‘util’, but only at delivery level

• Change ‘program’ into ‘pgm’

• Change default location of SAS formats catalogs

• Change default location of input RAW/CDASH datasets

• Relocate ‘doc’ folders

• Change normal (Single-Byte Character Set, SBCS) string functions 
into their K-version (Multi-Byte Character Set, MBCS) counterparts
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Apply Changes

• There are several possibilities to implement the changes, using, e.g., 
either an advanced text editor with scripting capabilities or a 
specialised tool

• In our case we developed a Windows batch script using the standard 
tool gsar (General Search And Replace) to apply them

• The snapshot on the following slide shows the first section of the 
batch file
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Apply Changes 

(cont)
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Manual 

Inspection

• As a final step, the migrated programs must be thoroughly inspected, 
even when they seem to run without issues

• Depending on the level of standardisation adopted when writing the 
original program, only minor additional changes might be needed to 
make the program run correctly in the new environment

• Any command trying to open a shell to the underlying operating 
system, blocked in LSAF, must be analysed and substituted with a 
SAS function to make it platform independent
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Conclusions
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Conclusions

• As I stated in 2022, the migration of clinical data from one A&R system 
to another over a prolonged period is always a complex affair, 
requiring a deep technical and operational understanding of both the 
source and target systems to be executed successfully

• This time some aspects of the target system are still being discussed, 
which makes it difficult, e.g., to finalise the details of where each 
object in the source system will be placed

• Technical and architectural differences between the two systems 
added a further layer of difficulty, as there was only partial direct 
knowledge of the target one within the company
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Questions?
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Confidentiality Notice

This file is private and may contain confidential and proprietary information. If you have received this file in error, please notify us and remove  
it from your system and note that you must not copy, distribute or take any action in reliance on it. Any unauthorized use or disclosure of the  
contents of this file is not permitted and may be unlawful. AstraZeneca PLC, 1 Francis Crick Avenue, Cambridge Biomedical Campus,  
Cambridge, CB2 0AA, UK, T: +44(0)203 749 5000, www.astrazeneca.com
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