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Abstract

The review and evaluation of concomitant medication use by medical teams can be a time-consuming manual 
task. Study teams frequently create their own programs and procedures, often in isolation, leading to wheel-
reinvention and inconsistent cross-study approaches.

The outcome of these reviews is critical to the identification and reporting of disallowed medication use and 
potential protocol deviations.

COMET is a SAS tool that compares current data to the previously reviewed iteration, and presents the results 
in a clear, concise, and easy to use spreadsheet.

Spreadsheet functionality includes filters, persistent comments, new/amended record identification, 
highlighting of changed values and required re-review indicators – which together make the review process 
quick and efficient.

This paper will show the life cycle of a COMET report and discuss some of the tricks and hacks utilised in 
order to fully customise an Excel spreadsheet created by SAS.
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Introduction

• The review of potential concomitant medications protocol 
deviations is a common clinical trial procedure

• Typically, these are identified programmatically – then reviewed 
by a team of medics/specialists

• Review decisions are documented in a spreadsheet
• Can this be more automated?

5



First Steps

• Study team had already created a 
specification for the underlying data (DISMED)

• Also had example spreadsheets from other 
studies
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Early Development
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Initial Development (1)

• First version took only a couple of months to develop
§ Then fine-tuned over 6 months

• DISMED programmed with criteria for potentially disallowed conmeds

• Results then written out to Excel file

• Study team would then review file and add flags including:
§ Decision
§ Major/Minor
§ IPD
§ Comments



Initial Development (2)

• File read back in, and built on at the next trigger point
• Issues encountered reading in Excel over time (variable 

length/type)
• Decision: Store COMET as a pairing of Data Set and Excel files

• Data sets can be compared at next iteration, and comments/flags 
from previous Excel merged on
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Data Integrity

• Giving spreadsheets to teams can be problematic for retaining 
data integrity
§ Data could be changed/deleted
§ Structure could be altered

• SAS is limited in what it can manipulate with ODS EXCEL L

• Newer XLSX files are technically ZIP files containing XML.
§ SAS can manipulate ZIP files…and XML! J
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The Interior of  an 
XLSX File
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Into the XLSX

• All modern Microsoft 
Office files (DOCX, XLSX, 
PPTX) are ZIP 
containers. 

• Within them is a rigid 
structure

• Within these folders, 
nearly all the data are 
stored as XML files

Data for “sheet1”

Overall colour theme

Cell styles
(fonts, foreground /background colours, etc)

Overall properties 
(creator, word count, zoom level, etc)

docProps
app.xml
core.xml

xl
theme

theme1.xml
worksheets

sheet1.xml
_rels

workbook.xml.rels
sharedStrings.xml

workbook.xml
_rels
.rels

[Content_Types].xml

styles.xml

Named repeating values



Investigating Styles

13

( 0 )

( 1 )

( 2 )

( 3 )

( 4 )

( 5 )

( 0 )

( 1 )

( 2 )

( 0 )

( 1 )

( 2 )

( 3 )



Sharing/Uniqueness
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Trial and Error (1)

• Using trial-and-error
• Edit this simple Excel file
• examining the changes to the XML afterwards

• I then discovered how many different features of Excel are defined.

• One of the features I was keen to include in the COMET spreadsheet was 
having a worksheet partially locked for editing
• I still wanted a handful of columns editable. 
• Currently ODS EXCEL has an “all or nothing” option for worksheet protection
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Trial and Error (2)

• I set the cell locking status manually in Excel to be “unlocked” and resaved the file

• Styles 7+8 are now missing the string <protection locked="0">

• This means when worksheet protection is turned on these two cells remain editable.

• If the file is created with ODS EXCEL with options(protect_sheets="on") and 
then the XML is manipulated, we could control editable cells programmatically.
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Another example – Drop-Downs
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Pulling it All Together
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Excel Feature Requests

• Other requirements were:
• Shading of certain columns to indicate they 

are editable

• Individual cell highlighting to indicate a value 
changed from the previous review

• “tooltips” or “flyover” text showing the 
previous values for these changed data points

• All of these are possible in SAS using 
various techniques within the ODS EXCEL 
and PROC REPORT statements

ü

• Additional nice-to-haves that could be 
done manipulating XML:
• cell validation

• individual cell protection

• Drop down selections

• Fortunately, SAS can read XML files easily

• SAS can also manipulate ZIP files
• FILENAME statement with the ZIP option
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Pulling It All Together

• We have seen how new Excel features can potentially be implemented 
using SAS
§ Both the creation, and subsequent manipulation of underlying XML

• The Concomitant Medications data we want to report is already set up

• We have established the workflow and method of data storage
§ Periodic execution, storing both Data Set and reviewed XLSX

• Just needed to build macros and routines to manipulate the XML!
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XML Editing

• XML files can be edited within the XLSX by SAS
• XML files are text, so can be read using simple SAS techniques

• Performing find/replace and insertion of code was VERY tricky
• Any mistakes in ordering or syntax render the XLSX corrupt

• As for the Trial & Error research previously, routines were 
developed one at a time, and continuously monitored for 
corruption
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Final Workflow
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Conclusions

• COMET was released 2022 and is currently in use by several study teams

• COMET output (dismed.sas7bdat) has remained static, so the XML editing is stable
§ Occasional bug fix (a recent one triggered a confirmed bug report to SAS themselves!) 

• The COMET tool has shown an 80% reduction in the volume of work involved in 
reviewing concomitant medications compared to the previous manual process

• The ability to have frequent incremental reviews has significantly reduced resource 
bottlenecks around deliverables. 

• In addition, COMET has minimised the risk of errors occurring in the programming and 
has enhanced the quality of the review via the data integrity constraints that were 
introduced.



Example (1)
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Example (2)
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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

29


