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Recently | did some research on Clinovo’s open source application, CDISC Express, a SAS
application based on Excel framework designed to map clinical data to CDISC SDTM domains
automatically. Not perfect yet, but it is easily understandable and practically usable after few
hours’ of exploration of user guide. And most important, it is on the right way: an automatic
CDISC converter is the magic weapon in almost every clinical programmer’s dream.

CDISC Express is the first and only practically usable open source CDISC converter | even met.
I wrote a post one month ago when | first tested it with great interests and reported some issues
to_fix system. Then | also had the great opportunity to discuss the software via email with its core
developer, Romain Miralles. This post is just my personal notes on how to use and dig into the
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software, and will be best serve as a working documentation. You can return to me for any
questions and comments.

1. Download and Installation
You can get CDISC Express for free in

http://www.clinovo.com/cdisc/download

It is a window application and will be installed by default in

C:\Program Files\CDISC Express\

P

< Clinevo CDISC® Express v1.0 Setup o] @ [

Choose Install Location

Choose the folder in which to install Clinovo CDISC® Express C DI S C e_l_')f_p.-f-—es S
v1.0,

Setup will install Clinowo COISCE Express v1.0in the following folder. To install in & different
folder, dick Browse and select another folder. Clidk Install to start the installation.

Destination Folder

\Program Files\CDISC Express Browse...

Space required: 46, 7MB
Space available: 79.9GB

[ < Back ][ Install ] [ Cancel ]

After installation, this path will be coded as a macro variable &CDISCPATH in the following six
SAS files which are all located in C:\Program Files\CDISC Express\programs\:

create_new_study.sas
generate_Definexml.sas
generate_mapping_template.sas
generate_SDTM.sas
Validate_Mapping_File.sas
Validate_SDTM_Domains.sas

The macro variable reads as


http://www.clinovo.com/cdisc/download

%LET CDISCPATH = C:\Program Files\CDISC Express;

If you change the destination folder at the installation stage, e.g., to D:\CDISC Express\, the
value of the macro variable &CDISCPATH will be changed accordingly in the six files
mentioned before:

%LET CDISCPATH = D:\CDISC Express;
Note that if you want copy the whole folder of files to another destination, you should at least
manually change the value of &CDISCPATH in such six files or add some codes to capture the
path accordingly. From this point of view, the setting of path of CDISC Express is not that
portable. Recommend that if you have such needs, just re-install the software in any destination
you want. It will not write any records into registry and you can have many copies in one
machine.

The following discussion assumes the software roots in C:\Program Files\CDISC Express\.

2. Working Flow
You can follow all the 6 action steps one by one coded in
C:\Program Files\CDISC Express\programs\
1) Create a new study (create_new_study.sas)
Simple and easy. Just assign a new study name in a macro call and run.
2) Generate mapping file (generate_mapping_template.sas)
This is the critical part and most time consuming. You should design mapping rules for every

domain needed in Excel spreadsheets (the MAPPING FILE). If done, all other tasks, such as
generate SDTM datasets, SAS transport files, define.xml and validation, can be well done by just

clicking buttonsg.
3) Validate mapping file (Validate_Mapping_File.sas)

For validating the mapping file, just click the button. As mentioned, the most important work is
designing the mapping file. It would be back and forth to design mapping file and validate it.

4) Generate SDTM datasets (generate_SDTM.sas)

If mapping file is OK, click the button.



5) Validate SDTM datasets (Validate SDTM_Domains.sas)
Click the button.

6) Generate Define.xml and SAS transport files (generate_Definexml.sas)
Click the button.
3. Step 1 of 6: Create a new study (create_new_study.sas)

Open create_new_study.sas in C:\Program Files\CDISC Express\programs\, you can see only
one line of a macro call:

Y%addnewstudy(studyname=my new study);
Just assign a study name to the macro variable, &studyname, e.g, “CLINCAP”:
%addnewstudy(studyname= CLINCAP);

Submit the codes, you can find a folder named “CLINCAP” with the same structure as the two
demo studies imbedded in this application(examplel and example2) in C:\Program
Files\CDISC Express\studies\, see(the left and right panels are folders and files before and after
the execution of create_new_study.sas. The following the same):

+---studies +---ztudiesz
a | +---CLINCAF
| +---dnc

| | +---Mapping file - walidated wersion
| | YV——-Mapping file - working wersion

| +---log

| +---results

| | +---Definexml

| | | definel-0-0.xsd

| | | definel-0-0.xs1

| | |

| | +---Mapping ¥Walidation

| | +---Reports

| | Y ———3DTH

| +-—-30urce

| Y ——-tenpdata
+--—exanplel

| +-—-doc

| | +---Mapping file - walidated wersion
|

|

|

|

+-———examplel

+---doec

| +---HMapping file - walidated wersion
| | wmapping.xls

| |

| Y——--Mapping file - working wversion

| twpnapping.xls

| | wapping.xls

| |

| V---Mapping file - working wversion
|

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
| twpmapping.xls

Folder “doc’ is used to hold the mapping files;

Folder ‘log’ used to hold log files generated by following macro calls, such as generating
SDTM domains;



Folder ‘results’ and its subfolder will hold all the outputs, such as define.xml, SAS
transport file, validation reports and SDTM datasets;

Folder ‘source’ holds all the clinical raw data used as inputs for SDTM domains;
Folder ‘tempdata’ holds all the temporary datasets generated by following macro calls.

Also, a configuration file named CLINCAP_configuration.sas put in C:\Program Files\CDISC
Express\programs\study configuration\. This file is used to set some study level parameters,
such as lab and toxicity specifications (details in C:\Program Files\CDISC Express\specs\Lab
specs\).

Two versions of SDTM implementation guides are supported by CDISC Express, CDISC SDTM
Implementation Guide Version 3.1.1 and Version 3.1.2. You can find the corresponding
specification files in C:\Program Files\CDISC Express\specs\SDTM specs\:

SDTM_Specs 3 1 1.xls
SDTM _Specs 3 1 2.xls

The choosing of SDTM implementation version is also coded in the configuration file, in Line 41:
%LET SDTMSPECFILE=SDTM_Specs 3 1 1.xls;
Version 3.1.1 is used by default. You can also choose Version 3.1.2 if needed:

%LET SDTMSPECFILE=SDTM_Specs_3 1 2.xIs;

Assign a study name and choose a SDTM implementation version. That’s all needed in step 1.
Let’s take few minutes to navigate the software. CDISC Express is a set of macros and Excel
files. It is important to know the file structure first.



C:\Program Files\CDISC Express\

F—documentation :FAQ, Quick Start, User Guide
F—macros

|  F—ClinMap :system level macros

| L—function_library :study level macros
F—rprograms :"action taken" macros

| F—study configuration :study parameters configuration, e.g, choose SDTM version

F—SDTM Validation :For validation of SDTM domains

| L—study1l

F—specs :specification files

| —Excel engine :ExcelXP tagset file

| —Lab specs ‘lab and toxicity

| F—Mapping validation  :validation rules

| F—SDTM specs :hold two versions of SDTM implementation

| L—SDTM Terminology :SDTM codelist(including NCI terminology)

F—studies
| F—examplel
L—temp -hold temporary data not specified to any studies

As we already got, all the “action taken” programs such as create_new_study.sas are located in
C:\Program Files\CDISC Express\programs\. In create_new_study.sas, one macro is called,
%addnewstudy, which is in C:\Program Files\CDISC Express\macros\ClinMap\.

Note that in C:\Program Files\CDISC Express\macros), there are two sets of macros in
different folders:

C:\Program Files\CDISC Express\macros\ClinMap\: this folder holds all “system”
level macros used by the application only. No modification encouraged.

C:\Program Files\CDISC Express\macros\function_library\: macros used for
mapping among studies. You can also create you own macro in this folder. The
application imbedded macros also documented in user guide.

4. step 2 of 6: Generate mapping file
Generating template (blank) mapping file only needs pieces of effort by submitting

generate_mapping_template.sas. The toughest one is to fill it with mapping rules according to
specified study.



4.1 Get the blank template mapping file (generate_mapping_template.sas)

To get the blank template mapping file, just fill the one line of macro call in
generate_mapping_template.sas:

%createmapping(filespec=SDTM _Specs_3 1 1.xlIs, Dom=CM AE TV,
req=YES, perm=YES, exp=YES);

Also, you can specify SDTM implementation version, 3.1.1 or 3.1.2. For domains (&Dom), DM,
CO and SUPPQUAL will be created automatically; you should list others accordingly:

SDTM 3.1.1: SV CM EX AE DS MH DV EG IE LB PE QS SC VS TV TI XD SU XR
XS XE TR (Total: 22)

SDTM 3.1.2: AECE CM DA DS DV EG EX FA IE LB MB MH MS PC PE PP QS SC
SESUSVTATETITS TV VS (Total: 28)

You should also choose the “CORE” variable (REQUIRED, PERMISSIBLE and EXPECTED)
by triggering &req, &perm, and &exp to “YES” or “NO”. Note that

REQUIRED and EXPECTED variables must always be included (req=YES, exp=YEYS);
PERMISSIBLE variables included if needed (perm=YES or perm=NO)

Submit generate_mapping_template.sas and you can get a blank template mapping file
tmpmapping.xls in C:\Program Files\CDISC Express\temp\.



¥4 Microsoft Excel - tmpmapping.xls

@ File Edit Wiew Insett Format  Tools Cats  “Window Help  Adobe PDF Type aquestion for help = o & X
DeEla VR iR - o (@ =-2] |l @ i o
...... R
A - 7 Dataset
A, B [ D E Fo
1 | Dataset |Merge Key CDISC variable Expression Comments
2 STUDYID
3 DOMAIN
4 LUSUBJID
5 SUBJID
B RFESTOTC
7 RFENDTC
g SITEID
9 INID
10 [T AR
11 ERTHOTC
12 AGE
13 AGEL
14 SEX
15 RACE
16 ETHMIC
17 ARMCD
18 AR
19 COUNTRY
20 ChWDTC
21 DD b
22
23 -
4 4 ¢ M Welcome / STUDYMETADATA £ FORMAT %DM ¢ -CM f-aE £-Tv F-CO £ SUPPQUAL / 141 | ﬂj_‘
Ready L I V7] I

Copy it to C:\Program Files\CDISC Express\studies\CLINCAP\doc\Mapping file - working
version for example used for study “CLINCAP” and then fill all the blank columns (it NEEDS
efforts!).

If this mapping file passes the validation process, a final version named mapping.xIs will be
copied automatically to C:\Program Files\CDISC Express\studies\CLINCAP\doc\Mapping
file - validated version\ for later processing.

Note that if you already have some validated mapping file for other studies, it would serve as a
good start rather than using the blank template from the scratch.

4.2 Navigate mapping file

Let’s take a look at the “real” worked mapping file for a demo study first, in C:\Program
Files\CDISC Express\studies\examplel\doc\Mapping file - working version\.



The first sheet is a welcome dashboard:

Ed Microsoft Excel - trnpmapping.xls

i3] Fle Edit WView Insert Format Tools Data  Window Help  AdobePDF Type a question For help =2 @ %

J16 - fe ABOUT CLINOWO
A ] B ] c ] o] E ] Fo G H o] ! [ J [ k] L [ w1 Mo ] o [ —

1 =
| 2 |
|3 |

. Welcome to CDISC Express
| 5 |
| & |

7
|
| 5 | USERGUIDE YIDED TUTORIAL SUPPORT
| 10|
i
| 12 |
| 15 |

14

15
| | LICENSE AGREEMENT ABOUT CDISC

17 I
| & |
| 1 | Faor more information about our services, contact sales@clinovo.com or call us +1 408-773-6254
W 4 v W[ Welcome /| STUDYMETADATA £ FORMAT 4 wisits £ OM £Tv £5C £aE £ sUpPquaL / || | LIJ_‘
Ready 1 I om0

Then StudyMetadata sheet, a XML metadata specification used to generate define.xml. you need
only add some information in “Values” column:

Ed Microsoft Excel - tmpmapping.xls

i3] Ele Edt wiew Insert Format  Tools Data  Window Help  Adobe PDF Type a question for help =2 & X
DEERSISRIVIRAIEBEBR. < oo (@ = -2 2] [l 4 0% - @ il ~|
HE
Al - e ¥MLField
A B & D E =
1 XMLField XMLEle ment Status Values Comments T
2 |ODM Attributes FileType Required  [Snapshot
3 FileQID Required
4 PriotFileQID Diptianal Reference to the previous file (if any)
5 DDMYersion Required
The organization that generated the
B Criginator Optional define.xml file
The computer systern, database b
management system, etc. that is the
7 SourceSystem Diptianal source of the define. xml infarmation
SourceSysteme The version of "SourceSystem”
5] rsion Dptional above
9 CreationDateTime |Required ** Do not fill with any value
10 [ODM Child Elerment Study Required
11 |Study Attributes u][n] Required
12 |Study Child Elements Globalvariables  |Required
13 Metadataersion |Reguired
14 | Global Variable Child Elerments StudyMame Required Mame of Study
15 StudyDescription |Required Descrption of Study -
M 4 b H[y Welcome 3 STUDYMETADATA { FORMAT £ _wisits /£ DM 1% £5C faE £ suppouaL 74| | HJJ
Ready L I V)




The FORMAT sheet:

Ed Microsoft Excel - tmpmapping.xls

@ File Edit Miew Insert Format  Tools Data  Window  Help  Adobe PDF - 0 X
NEEHR ESRIRBR-< - = -2 |l 100% ~ @ 2§, Helvetica -z
______ TR

F17 - pis
A, B [ -

1 format from tovalue —

2 |Baction taken

3 MNOME DOSE MNOT CHAMGED

4 DRUG PERMAMNENTLY DISCONTINUED  |DRUG WITHDR AW

5 DOSE INCREASED DOSE INCREASED

5 DOSE HELD DRUG INTERRLUPTED

7 DOSE DECREASED DOSE REDLUCED

g INFUSION INTERRLUPTED DRUG INTERRLUFPTED

g INFUSION RATE DECREASED [A, e
10 | $yn

11 YES i

12 {[8] i

13 LIM L =
PR ], Welcome 4 STUDYMETADATA % FORMAT { visits 4 DM | 4] | ﬂj_‘

Ready

[rauma |

L] »

Such format structure is similar with the one we export the format from a format catalog using

proc format library=library cntlout=format_out;

run;

In most production environment, programmers get formats from clinical data management group.
If the entire formats are assigned into proper libraries (work or library), you don’t need to export
such formats into this spreadsheet. Of course in the format sheet, you can type some customized

format.

A typical domain sheet (AT LAST!) that needs efforts and our understanding of the software,

DM for example:

10



E2 Microsoft Excel - tmpmapping.xls

@ File Edit  Wiew Insert  Format  Tools  Data Window  Help  Adobe PDF Type a question forhelp =2 & X
DEEHREaS Shl vkl é B-< oo - | = -2 2] [l 4 100% ~ @ _ i abany AMT, Helvetica - o
TR
Al1E - fe siteinvidrop=irvcode)
A, 5] C ] =
1 Dataset Merge Key CDISC variable Expression
2 |demaog sitecode  |[STUDYID study
3 DOkAIN &dormain
4 USUBJID SCONCATENATE( variables=study sitecode patid)
5 SUBJID patid
%0_RFST(_dataset=trtinf,_date=trtinfdt,_key=patid _iwrsds=ivrs,_ivrsdt=rand
G RFSTDTC dat)
% S0RTLOOKUP(_dataset=disc,_variable=fupdat,_key=patid _sort_variable=
7 RFENDTC fupdat, keep=last)
] SITEID sitecode
9 INYID invcode
10 BRTHDTC SFORMATI variable=brthdat | format=yyramdd10)
11 SEX %GENDER( _gender=sex)
12 RACE %D _RACED
13 ETHMIC upcase(ethnic)
14 COUNTRY "USA"
15 DWDTC % FORMATI variable=formdat,_format=yymmdd10)
16 ARMCD
17 ARM
18 |siteinv{drop=irvcode) | sitecode  [INWIAM trimilnamel]]","[lfname
19 COUNTRY "USA"
20 [eligassess USUBJID %CONCATENATE( variables=study sitecode patid)
yearinfcondt)-year(bAhdat)-imonthibrthdat]=month(infoondt))-
21 [all AGE {monthibrthdatEmonth(infcondt) and day(brthdat)=day(infcondt))
WCONYERTIF_if variable=@AGE,_if value=. _then_wvalue=,
22 AGEL glse_value=YEARS) -
M 4 ¥ W[% Welcome 4 StudyMetadata £ FORMAT 4 _wisits %DM { TV £ 5C £ &E £ sUPPUAL| 4 | | LIJJ
Ready L1 (T I I

From the ‘Dataset’ column, three raw datasets from C:\Program Files\CDISC
Express\studies\examplel\source\ needed to map into DM domain, demog, siteinv and
eligassess. Note that you can use any data step options such as drop=, rename=, where= for the
input datasets.

At the last of ‘Dataset’ column, “all” indicates that all the previous datasets mentioned above
should be merged together for final processing.

In the “Merge Key’ column, ‘sitecode’ is designed to datasets demog and siteinv which means
demog and siteinv should be merged by the common key, ‘sitecode’.

As we mentioned, all the previous datasets should be merged at last. But there is no common key
settled in the “‘Merge Key’ column. It is a common rule: if no key specified for merge, USUBJID
is used by default.

The third column is *CDISC variable’, which list all the needed variables according to
implementation version. An important note: you do not need to implement all the variables

11



according to the order as they appear in the blank template mapping file. In the previous blank
file, “AGE” in DM domain is ordered in Line 12, but in this working file, “AGE” is calculated in
the second last order. The variable order of final DM domain will be as same as the blank one.

It makes sense in practice. For example, the sequential variable, e.g. AESEQ is ordered after
USUBIJID, but you can only get the sequential number when all other variables well done. So
SEQ variables are always computed in the final stage in a working mapping file.

“Expression” column specify the mapping rule from raw datasets to SDTM domains.
Assignments, expressions and macro calls (rooted in C:\Program Files\CDISC
Express\macros\function_library\) are allowed in this column and most of them are
straightforward. We will discuss more in the following section.

Sum up, we can “translate” this mapping sheet to SAS codes for better understanding of CDISC
Express architecture:

data teml;
set demog;
STUDY ID=study;
DOMAIN =&domain;
USUBJ ID=%CONCATENATE( variables=study sitecode patid);
SUBJID =patid;

RFESTDTC=%D_RFST( dataset=trtinf, date=trtinfdt, key=patid,_ ivrsd
s=ivrs,_ivrsdt=randdat);

RFENDTC=%SORTLOOKUP( dataset=disc, variable=fupdat, key=patid,_s
ort_variable=fupdat, keep=last);

SITEID =sitecode;

INVID =invcode;

BRTHDTC=%FORMAT(_variable=brthdat, format=yymmdd10);

SEX =%GENDER(_gender=sex);

RACE  =%D RACEQ;

ETHNIC =upcase(ethnic);

COUNTRY=""USA";

DMDTC =%FORMAT( variable=formdat, format=yymmddl10);

ARMCD ="""";
ARM ="y
run;
data tem2;
merge teml siteinv(drop=invcode);
by sitecode;
INVNAM=trim(Iname)||","| | fname;
run;
data dm;
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merge tem2 eligassess;

by patid;

AGE =year(infcondt)-year(brthdat)-
(month(brthdat)>month(infcondt))-(month(brthdat)=month(infcondt)
and day(brthdat)>day(infcondt));

AGEU=%CONVERTIF(_i1f_variable=QAGE, i1f_value=.,_ then_value=,
_else_value=YEARS);
run;

4.3 Data manipulation techniques in CDISC Express

CDISC Express supplies relative rich sets of data manipulation techniques assembling with SAS
languages used for data mapping. Following is a not limited listing and | will keep it updated.

4.3.1 Reference one dataset
A raw dataset name appear in “Dataset” column indicate a “set” operation in SAS.
All dataset options can be used when referencing a dataset, such as
siteinv(drop=invcode)
siteinv(rename=(invcode=inv))

siteinv(where=(invcode ne 7))

You can also reference an external dataset. You should incorporate the external file in
spreadsheet with name beginning with an underscore, “_”, and *_visits” in this case:

Ed Microsoft Excel - tmpmapping.xls
@ File Edit Wiew Insert Format  Tools Data  Window  Help  Adobe PDF

- 0 X
NEHR SR < o - @ ;EEAIbany.ﬁ.MT, Helvetica » o
mEw.
Ca - B ko
A B C D | E 3‘
1 | WISITHUM VISIT VISITDY
2 |1 SCRM -1
3 |2 W51 1
4 13 W52 10
5 |4 W53 24
E |5 W54 a8
7 |B W55 S0
g |7 Y5k G5 “
g -
M4 v My Weltome / StudyMetadata 4 FORMAT b _visits /DM £ Tv £5C £aE 4| jJJ
Ready | I I I
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Then you can use it in any domains needed, e.g., TV domain:

k4 Microsoft Excel - tmpmapping.xls

i8] Fle Edt View Insert Format Tools Data  Window Help  Adobe FDF Type aquestionforhelp = o & X
DR SRAIVRAILRA-< - (@ -4 2] @000 - @ I iabanyad, Helvetica »
TEEE
A5 - &
A, B € B =
CDISC 0
1 Dataset — | Merge Key | wvariahle Expression C
2 |%epd importlist( dataset=ternpty |worksheet= visits) STUDYID "CLIMN123"
3 DOMAIN &domain
4 YISITMUM  visithum
5 WISIT vigit
] WISITDY vigitdy
7 ARMCD "Dirugd”
B ARM "DrugA: A Receptor”
g TWETRL !
10 TWENRL
11 hd
M 4 r M[% Welcome / StudyMetadata £ FORMAT £ _wvisits /4 DM 3 T¥ {SC £ &E £ SUPPQUAL / 141 LIJJ
Ready [ | T O

There is a macro %cpd_importlist used to import the external dataset, “_visits”. Again, this
macro roots in C:\Program Files\CDISC Express\macros\function_library\.

Using a macro call to re-sharp or modify an input dataset offers great flexibility referencing data.
We will also discuss the benefits later on.

4.3.2 Assignment

You can assign a number, string and a dataset variable with any valid SAS functions to a SDTM
domain variable in “Expression” column.

Sometimes a temporary variable needed for later calculation. You can produce such temporary
variable in “Dataset” column with an assignment in the “Expression” column just similar with
any other domain variables. Two differences: first, such temporary variables named begin with
an asterisk, “*””; second, all temporary variables will not be included in the final domain. Once
created, such temporary variables can be used for any other expressions.

14



Ed Microsoft Excel - tmpmapping.xls
(3] Fle Edt Miew Insert Format ook Data  Window Help  Adobe PDF Type aguestion for help = [o & X

DEHRS SRITEA S BR-< o- o &= -4 2 [0 - e . iad -z

- 3
A | B [ C [ D =
| 1 |Dataset Merge Key  CDISC variable  Expression
| 2 |eligassess patid USUBJID SCONCATENATE( variables=study sitecode patid)
| 3 |eligerit patid IETESTCD eligeritno
| 4 | %FORMATI variable=eligcritno,_format=ie_desc)
substr{eligcritno,1,1)

5
| 6 | [ECAT %COMVERTIFLif_variable _ie |_if_value=E,_then_value=EXCLUSION)
|7 [ECAT %COMYERTIFif_variable _if walue=I,_then_value=INCLUSION)
| g | IEORRES WCOMNVERTIF(_if variable _if walue=I_then_walue=H)

9 IESTRESC %WCONVERTIF(_if variable _if walue=I_then_value=MN)

10 | IEDTC Y%FORMAT( variable=formdat _farmat=yymmdd10)
| 11 | IEDY % STUDY DAY [_date=formdat)
112 USUBJID %WCONCATEMATE( variables=study sitecode patid) |
| 13 |all STUDYID study
| 14 | DOmtAIN &domain
| 15| [ESEQ %SEQUENCED

15 hd
W 4+ wfy Welcome £ StudyMeradata £ FORMAT £ _wisits £ DM AT £5% £ AE £CM £ MH fEx £v5 /D5 f1E £5C) | 4] | ﬂJJ
Ready L1 7 I

There are three special symbols used in “Dataset” column of CDISC Express. Asterisk, “*”
indicates a temporary variable, while other two are

Tilde, “~” : indicate a variable used for supplemental domain (SUPPQUAL).
Number sign, “#”: indicate a variable used for comments domain (CO).

Another symbol, at sign, “@”, used in “Expression” column, indicated referencing a variables
produced before:

year(infcondt}-yearibrthdat)-(monthibrthdat)=month{infocondt))-

fxEE/ [(rmonthibrthdati=month(infoondt) and day(brthdat)=day(infcondt))
AGEL S COMVERTIFI_If variahle=@E@AGEIf_value=. _then_value=,_else_value=¥YEARZ)

In this case, “AGEU” uses “AGE” as input, while “AGE” is calculated before. “@AGE” just
indicates the dependency. In concept, it looks like the “calculated” option in SAS PROC SQL.:
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proc sgl ;
select (AvgHigh - 32) * 5/9 as HighC ,
(AvgLow - 32) * 5/9 as LowC ,
(calculated HighC - calculated LowC)
as Range
from temps;
quit;

4.3.3 Match-merging
We already got a math-merging example before. If “all” appears as a dataset in the “Dataset”
column, all the previous datasets should be merged first for later processing by the common key

specified in “Merge Key” column. If no key assigned, patient ID is used by the system.

CDISC Express also supports two types of join, inner join and outer join (left, right, full) using
data steps. The implementation has slightly difference with standard SQL, but the ideas are same.

We add a new column, “Join”, usually beside the “Merge Key” column.
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£4 Microsoft Excel - Empmapping.xls

@ File Edit Wiew Insert Formak Tools Data  indow Help  Adobe PDF Tvpe aguestionforhelp = 2 B X
DEER SRIRABRBR-< (0. @& =2 [@mw: - @ i -7
______ LR
C23 - ]
A B [ i3 ] =

1 Dataset Merge Key| Join CDISC variable

2 |demog gitecode 0 STUDYID study

i DORAIN &dormain

4 USUBJID WCOMCATENATE( variables=study :

5 SUBJID patid

B RFSTDTC %D RFST( dataset=trinf, date=trtin
7 RFEMNDTC %SORTLOOKUP] dataset=disc, war

a SITEID sitecode T
9 I 0 invcode

10 BETHOTC %F ORMAT( variable=brthdat, format
11 oEX WGEMDER( gender=sex)

12 RACE %0 RACED

13 ETHMIC upcaselethnic)

14 COUMTRY "LISA"

15 DMDTC %F ORMAT( variable=formdat, farma
16 ARMCD

17 AR

18 [siteinv(drop=invcode) | sitecode | I AN trim{lnamell]","|lfname

19 COUMNTRY "LISA"

20 |eligassess — qUSUBJID YWCOMCATENATE( variables=study :
4 4 ¢ W[5 Welcome / StudyMetadata f FORMAT £ visits DM 4TV 45 | 4] | o
Ready I | T fmwoel | 2

There are two values for “Join”, “O” or “I”” while “O” stands for “outer join” and “I”’, “inner
join”. A join indicator “I” equals a dataset option “in="in action while “O” means no. Use the
above as illustration, the corresponding SAS codes behind look like

data temp;

merge demog(in=a) siteinv(in=b);

by sitecode;
if b;
run;

This is so called “right outer join”. The combination of “I” and “O” in these two datasets can
perform all the four types of join, one inner join and three outer join:
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Join
type

SAS codes behind CDISC Express (illustration)

combination

Inner
join

)

data inner;
merge demog(in=a) siteinv(in=b);
by sitecode;
iT a and b;

run;

(LD

Outer
join

Left outer join

@

data left;
merge demog(in=a) siteinv(in=b);
by sitecode;
if a;

run;

(1,0)

Right outer join

(D

data right;
merge demog(in=a) siteinv(in=b);
by sitecode;
it b;

run;

()

Full outer join

qop

data full;
merge demog(in=a) siteinv(in=b);
by sitecode;

run;

(0,0)

As we could see, if no “Join” column specified, CDISC Express will perform inner join by
default.

So far CDISC Express cannot support multiply merge keys. For example, the following file is
illegal currently:

Dataset Merge Key
arm siteid, grpno
armdescri siteid, grpno

The developer Romain indicated that such enhancements would be raised to the next round of
product road map and he also proposed a work around. To use multiple keys for merging, we can
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create a temporary variable holding such multiple keys as a concatenation then this temporary
variable can be used as a single merging key.

4.3.4 Concatenating
Above we discussed lots about “merge” operation in CDISC Express. This section dedicated for
“set” operation. We already know how to “set” one dataset for referencing, but how to “set”

multiple datasets, i.e, “Concatenating”?

Symmetrically, an “all” appears in “Dataset” column indicating merging operation, an “all
(stack)” indicates concatenating operation:

E4 Microsoft Excel - tmpmapping.xls

@ File Edit Miew Insert Formatk Tools Data  Window Help  Adobe FOF Type aquestionfor help = 2 @ X
DeEdRaglRIVRER & BR-<C v- -8 =-2) [ we -@ I :al s
T
DiE4 - i
A | B | C |5

| 1 |Dataset CDISC variable Expression Co
| 42 wvtsigns{where=(height ne )}  WSTEZSTCD "HEIGHT"

43 WETEST "Height"

44 WEORREES puttheight best12.)
| 45 | WE0RRESU "crm"
| 46 | WESTRESC puttheight best12.)
| 47 | WESTRESM height

45 WESTRESU "cm" e

SCONYERTIF(_if variable=witalsyn,_if_value=Mo,_then_value=MNOT

| 49 | WESTAT DOME)
| 50 [vtsigns(where=(weight ne .))  [WSTESTCD "WEIGHT"
151 | WETEST "Weight"
| 52 | WSORRES putfweight best12.)
1 53 | YWEO0RRESU "kg"
| 54 | WSSTRESC putiweight best12)
| 55 | WESTRESM weight
| 56 | WESTRESU "ky"

0 |all{stack) STUDYID study

1 DOMAIN &darnain

2 USUBJID YWCONCATENATE( variables=study sitecode patid)
| B3 | WESEQ WIEQUENCED
| B4 | WISITHUM S ISITLOOKUP varable=visitnum,_key=foldercd vitaldt) E z
WAy w [ _Welcome 4 StudyMetadats ' FORMAT / _visits Ao ATy ,{gv' ,{I aE fom v fEws (o5 fe fsc fiEL |4 | L|J_‘
Ready L I Jmoell T 1 2

The above file can be also translated to SAS codes for better understanding:
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data height;
set vtsigns(where=(height ne .));
VSTESTCD=""HEIGHT"";
VSTEST ="Height";
VSORRES  =put(height,bestl2.);
VSORRESU=""cm"";
VSSTRESC=put(height,bestl2.);
VSSTRESN=height;
VSSTRESU=""cm"";

run;

data weight;
set vtsigns(where=(weight ne .));
VSTESTCD=""WEIGHT"";
VSTEST ="Weight";
VSORRES  =put(weight,bestl2.);
VSORRESU=""kg"";
VSSTRESC=put(weight,bestl2.);
VSSTRESN=weight;
VSSTRESU=""cm"";

run;
data vs;
set height weight;
STUDYID =study;
DOMAIN =&domain;
USUBJID =%CONCATENATE( variables=study sitecode patid);
VSSEQ  =%SEQUENCEQ);
run;

4.3.5 Transpose
Clinical SAS programmers do lots of transpose operation to re-sharp the raw data to fit the
CDISC standards. Currently there is no explicit guide in CDISC Express on how to transpose,
but this is not the end of story.

There are two types of transpose:
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Type 1I: from a long dataset (less variables, more observations) to a wide dataset (more
variables, less observations), e.g. transposing a multiple-row-per-subject dataset to a one-
row-per-subject datasets

As good practices, in SAS we always use data steps with “output” statement to perform type |
transpose and use PROC TRANSPOSE for type Il. Although CDISC Express doesn’t support
transpose operation in an explicit way, at least you can perform type | transpose and surprisingly

we already saw it before!

Just back to section of concatenating. The example is taken from C:\Program Files\CDISC

Express\studies\example2\,
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F4 Microsoft Excel - trapmapping.xls

@ Elle Edit Wiew Insert  Format  Jools  Data  window  Help  Adobe POF Tvpe a queskion For help = @ X
DEREaS SR VRAIEBR-<F oo @ =-2] [l 0% - @ ;i vz
IEHTEE
D4 - =
A | B | C |
| 1 |Dataset CDISC variable Expression Co
| 42 |vtsigns(where=(height ne ) [WSTESTCD "HEIGHT"
| 43 | WETEST "Height"
| 44 | W50RRES puttheight best12)
| 45 | WS0ORRESU "cr"
| 46 | WESTRESC put(height best12)
| 47 | WESTRESHM height
| 45 | WESTRESU "crn" =
SCONVERTIF(_if variable=vitalsyn,_if walue=Mo,_then_walue=NOT

| 49 | WESTAT DOME)
| 50 |[vtsigns(where=(weight ne .3} |%STESTCD "WEIGHT"
|51 WETEST "Weight"
| 52 | WSORRES putfweight best12.)
|53 | WSORRESL "ky"
| 54 | WSSTRESC putfweight best12.)
| 55 | WESTRESHM weight
| 56 | WESTRESU "ky"

0 |all{stack) STUDYID study

1 DOMAIN Edormain

2 USUBJID Y%CONCATENATE( vaniables=study sitecode patid)
| B3 | WESEQ WSEQUENCED
| G4 | WSITH U S ISITLOOKUPT wariable=visitnum, key=foldercd vitaldt) E =
WAy v, Welcome 4 StudyMetadata ¥ FoRMAT J{ _wisits Aom AT ,(gv' ,(' AEACM AMAfE WS DS B AacAIEZ |4 | |
Ready L1 I wo 00 1 2

data height;
set vtsigns(where=(height ne .));
VSTESTCD=""HEIGHT"";
VSTEST =""Height'';
VSORRES  =put(height,bestl2.);
VSORRESU=""cm"";
VSSTRESC=put(height,bestl2.);
VSSTRESN=height;
VSSTRESU=""cm"";

run;

data weight;
set vtsigns(where=(weight ne .));
VSTESTCD="WEIGHT"";
VSTEST ="Weight';
VSORRES =put(weight,bestl2.);
VSORRESU=""kg"";
VSSTRESC=put(weight,bestl2.);
VSSTRESN=weight;
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VSSTRESU=""cm"*;

run;
data vs;
set height weight;
STUDYID =study;
DOMAIN =&domain;
USUBJID
VSSEQ =%SEQUENCEQ) ;

run;

=0CONCATENATE( variables=study sitecode patid);

We can see the input data vtsigns i1s typical wide table (more variables, less

observations) :

¥ vtsigns. sas? bhdat

Fespirati Elood Elood
Fatient FDNl;mEEP Temperatu PHUEI:PETJ oh, Rate,|Pressure, |Pressure, | Weight., Height,
1D re, C ) min Systolic, |Diastolic k i
(PATIO] [FDL?EHN [ TEMF] H?;ELSE;n [ RESPRATE ! mmHg , il [WEIgHT] [HEIGHT)
] [SYSTEF) | [DIASER]
1 1|5creening 36.4 g2 22 162 -1 g83.6 152.4
_2 1 /¥Wisit 1 36.7 =32 18 154 g2 g2.2
_3 1 Wisit 2 36.48 7 18 143 72 g1.3
_4 1 Wisit 3 376 TG 18 164 E7 772
_5 1|¥Wisit 4 36.7 g5 18 141 -1 81.8
_E 1|/¥Wisit & 36.1 g8 18 187 ra g0.4
_? 1|/¥Wisit & 36.3 78 16 132 =35 81.3
_8 1|¥Wisit 7 36.6 ra 16 185 -1 g0.9
_EI 1/ Wisit & 36.2 BV 18 159 72 g0.49
ﬁ 1|/¥Wisit 9 36.8 G5 18 150 ra g0.9
? 1|/¥isit 10 36.4 g4 18 125 ra g0.9
ﬁ 1 /¥Wisit 11 36.3 g0 18 132 g5 79.5
ﬁ 1|¥Wisit 12 36.4 G5 18 132 g0 g0.4
W 1/ Wisit 13 36,7 70 14 1480 a0 an
ﬁ 1|¥Wisit 14 36.3 ra 18 152 g4 =41
E 1|¥Wisit 15 37 78 19 130 g0 =41
? 1|/¥isit 16 36.9 g0 16 152 g0 79.5
ﬁ 1|/¥Wisit 17 36.7 g0 18 203 94 7a.1
ﬁ 1 Wisit 18 36.9 TG 18 137 a8 7F.T
E 1 /VWisit 189 36.3 96 18 1460 7h 75.6
< ?

And the final domain VS is a typical long table (less variables, more observations):
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¥ vs_sasibdat

:J:'tal Result or| %
Unique Subject |Sequence Tlegsrjl:S Finidning
I[u:luesn LTBij IiDe]r [NuuSmShEeur‘] 3 : ort Original
ame Units
[HST?STDD [ ¥SORRES |

T|CLINT25-5001-1 1| TEMF G364
_EDLIN123-SEIEI1-1 2 | TEMF 6.7
~ 3loLinizs-s001-1 3 | TEMF 36,5
_4I3LIN123-SEIEI1-1 4 TEMF 376
_EDLIN123-SEIEI1-1 5 | TEMF 6.7
_EDLIN123-SEIEI1-1 G | TEMF G361
~ 7|oLinizs-s001-1 7 | TEMF 36,3
_SDLIN123—SEIEI1—1 3 TEMF 36.6
_EIDLIN123-SEIEI1-1 9 | TEMF 36,2
TDLIN123-SDD1-1 10| TEMF 36,5
 11|cLIN123-5001 -1 11 |TEMF G364
?DLIN123—SDD1—1 12| TEMF 36.3
?DLII\HES-SDMJ 13 |TEMP G364
TDLIN123-SDD1-1 14 |TEMF 6.7
 15|cLIN123-5001 -1 15 |TEMF 36,3
?DLIN123—SDD1—1 16| TEMF 37
?DLIN123-SDD1-1 17 | TEMF 6.9
?DLII\HES-SDMJ 18| TEMF 6.7
 19|cLINi2E-5001 -1 19| TEMF 6.9
?DLIMES—SDMJ 20| TEMF 36.3
? CLIN123-5001 -1 21|FULSE 62
E CLIN123-5001 -1 22|FULSE 69
 23|cLINi2E-5001 -1 23|FULSE it
? CLIN123-5001-1 24|FULSE TG
E CLIN123-5001 -1 25|FULSE =1
E CLIN123-5001 -1 26|FULSE g9
 27|cLiNi2E-5001 -1 27 |FULSE it}
E CLIMN123-5001-1 25 |PULSE 70
E CLIN123-5001 -1 29 |FULSE 67
H CLIN123-5001 -1 30 |FULSE 65
 31|cLIN123-5001 -1 31 |FULSE g4
? CLIMN123-5001-1 32 |FPULSE a0
? CLIN123-5001 -1 33 |PULSE 65
? CLIN123-5001 -1 34 |FULSE o
- 35|cLIN123-5001 -1 36 |PULSE vz
? CLIMN123-5001-1 36 |FULSE 74
? CLIN123-5001 -1 37 |PULSE g0
E CLIN123-5001 -1 38 IPULSE g0 bt
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So obviously, such concatenating operation just did a wonderful type | transpose, from a wide
table to a long table! More often, the compact SAS codes for type | transpose look like:

data vs;
set vtsigns;

if height ne . then do;
VSTESTCD=""HEIGHT";

VSTEST ="Height";
VSORRES =put(height,bestl2.);
VSORRESU=""cm"*;
VSSTRESC=put(height,bestl2.);
VSSTRESN=height;
VSSTRESU=""cm"*;
output;

end;

if weight ne . then do;
VSTESTCD="WEIGHT";
VSTEST ="Weight";
VSORRES  =put(weight,bestl2.);
VSORRESU=""kg"";
VSSTRESC=put(weight,bestl2.);
VSSTRESN=weight;
VSSTRESU=""cm"*;
output;

end;

run;

4.3.6 All others: use macro!

Now we discussed almost all the common data derivation techniques in programmers’ daily life
and the corresponding implementation in CDISC Express. At least we have one question
unsolved: how to perform type Il transpose, i.e. from a long table to a wide table?

It would be an open question for the developers of the application. But we can also solve this
problem in current framework: use macro, customized macro. You can use macros in
“Expression” and “Dataset” column. Macro used in “Dataset” column returns a dataset, while
macro in “Expression” column returns series of string: that’s the basic structure you should
consider when customize your own macros. For more, you can reference the macros in
C:\Program Files\CDISC Express\macros\function_library\. For example, &concatenate
used in “Expression” column; &cpd_importlist in “Dataset” column.
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So it would be convenient to create temporary datasets using macros imbedded type Il transpose
operation in “Dataset” column. Every thing SAS can do, you can also implement it in CDISC
Express. Just use macros, in “Expression” and “Dataset” column accordingly.

The raw data varies according to trial design and clinical data capture system and procedures. It
is impossible and impractical to anticipate the CDISC SDTM converter such as CDISC Express
to map all the data just clicking a button. The introducing of CDISC Express doesn’t keep
programmers away. It just keeps most of the trivial work away from programmers’ daily life and
let them more concentrated on creative work and be productive and efficient.

5. step 3 of 6: Validate mapping file (Validate_Mapping_File.sas)

It would be back and forth to design, validate then modify and re-validate the mapping file. And
sure finally, you will get all the work done, at least no syntax error (how to avoid semantic errors
is upon your domain knowledge). A validated mapping file, named mapping.xIs will be copied
to ...\ doc\Mapping file - validated version\ from the working file, tmpmaping.xls. You will see

The corresponding log file in folder ...\ log\
A report in ...\results\Mapping Validation\, named Mapping_validation.html

+---ztudies +---studies

|
+---reports
Y ===-5DTH

| | | +---reports
| | | 4 —-—5DTH

| +---examplel | +-—--—exauplel
| | +---doc | | +---dac
| | | +-—-Mapping f£ile - walidated wersion | | | +-—-Mapping file - walidated wersion
L= | | | napping.xls
| | | |
| | | V———Mapping file - working wersion | | | Y ——-Mapping file - working wersion
| | | tmpmapping.xls | | | tnpoapping.xls
| | | | | |
| | +---log | | +---log
a | | | Walidate Mapping File.log
| | |
| | +---results | | +-—-results
| | |  +---Definexml | | | +---Definexml
| | | | definel-0-0.x=sd | | | | definel-0-0.xsd
| | | | definel-0-0.x31 | | | | definel-0-0.x31
| | | | exauplel blank eCRF.pdf | | | | examplel hlank eCRF.pdf
| | | | | | | |
| | | +---Mapping ¥alidation | | | +---Mapping Validation
. | | | Mapping walidation.html
| | |
| | |
| | |

Also the temporary datasets in ...\tempdata\ and ...\temp\:
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| | V-—--tenpdata | V--—tempdata

| ag. 3as7bdat

| du. zas7hdat

| errcodellz, sas7hdat
| errcodez02, saz7hdat
| errcodez03. sas7hdat
| errcodes02. sas7hdat
| errcodei03. sasThdat
| errcodeild. sas7hdat
| errcodes05. sasThdat
| errcodes. sas7hdat

| sc.sas7hdat

| supprual .. sas7hdat

| . 3a37bdat

|

i

| V——-—exampled ———exanplez

Y ———Ltenp Y ——-fLeup

| ae.sazThdat
cl. sasYhdat
co.sas7hdat
datalist.=zas7hdat
dm. sasYhdat
ds. sasYhdat
dv. sasYhdat
e, sas7hdat
ex.sas7hdat
ie.zasYhdat
1b. sasYhdat
uh.sas7hdat
pe.saz7hdat
qs.sas7hdat
sc.gasYhdat
su. sasYhdat
suppqual . sasThdat
=v.zas7hdat
ti.=zas7hdat
tr.sasYhdat
tw.sasYhdat
¥5.3as7hdat
xd.sazThdar
¥e.sasThdar
xr.sasThdat
x3.3as7hdat

6. step 4 of 6: Generate SDTM datasets (generate_ SDTM.sas)
If mapping file is OK, generating SDTM domains is just clicking the button. After submitting the

codes, you will see the log file, reports, SDTM datasets and temporary datasets in corresponding
folders:
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+---ztudies
+--—examplel

+---doc
+---Mapping file - walidated wersion
| mapping.xls

Y=--Mapping file - working wersion
tmpuapping.xls

| Validate_ Mapping File.log

+---results
| +---Definexnl

| | definel-0-0.xs3d

| | definel-0-0.x51

| | examnplel hlank eCRF.pdf
| |

| +---Mapping Validation

| | Mapping walidation.html
| |

| +---LEports

| 4---5DTH

+---ztudiez
+-——exanplel

+---doc
+-—--Mapping file - walidated wersion
| mapping.xls

Y=—-Mapping file - working wersion
twpmapping. xls

| generate SDTH. log

| Validate Mapping File.log

|

+-—--rezults

+-—-Definexml

| definel-0-0.xsd

| definel-0-0.xs51

| examplel hlank eCREF.pdf
|

+-—-Mapping Validation

| Mapping_wvalidation.html
|

+-—--reports

| domains_generated.html
| results.htnl

| SDTM_terminology.html
| SDTM_Walidation.html

|

Y ——--30TH

ae.zas7hdat
co.sasThdat

dm. sas7hdat
sc.zas7hdat
suppaes.3as?hdat

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
| tw.gas7hdat
|

7. step 5 of 6: Validate SDTM datasets (Validate SDTM_Domains.sas)

The outputs files of validating SDTM datasets are all located in C:\Program Files\CDISC
Express\SDTM Validation\:
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|
+---3DTH Walidation
| Y ——-ztudyl

| ae.zasThdat

| dw. saszThdat

| an. saaThidar.

+---3DTH Validation
Y ——-ztudyl

ae.gasTbdat
dw. sasThdat
zc.sasThdat
suppsc.sas’bhdat
tv.gasTbdat

+---log
+-—-tresults

results. sasThdat
SDTH Validation.html

Y ———LEnp

ae.sas7hdat
co. sasYhdat
co.sasYhdat
datalist.sas7hdat
dn. sas7hdat
ds. sas7hdat
dw.sasYhdat
eq.saz7bdat
ex.sasYhdat
ie.=zas7Yhdat
1b. sas7hdat
wh.sasz7hdat
pe.sas7hdat
qs.3as%bdat
ar.2aa7hidat

8. step 6 of 6: Generate Define.xml and xpt (generate_Definexml.sas)

Get the final define.xml file and SAS transport files (.xpt):
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F---ztudies

+-——examplel

+---doc

| +-—-Mapping file - walidated wersion

| mapping.xls
|

Y---Mapping file - working wersion

|

|

|

| tuwpnapping.xls
|

+---log

generate_SDTH. log

Validate_Mapping File.log

|
|
|
+---results
| +---Definexml

+-—-ztudies
+-——exanplel

+---doc

| +---Mapping £ile - walidated wersion

| mapping.xls
|

V---Mapping file - working wversion

tupmapping. xls

---log
generate Definexml. log
generate 5SDTH. log
Validate Mapping File.log

+---Definexml

| AF.xpt

Co.xpt

DEFINE. XML
definel-0-0.x=d
definel-0-0.xs51
Definexml.html

DH.xpt

examplel blank =CRF.pdf
SC.xpt

|

|
definel-0-0.x=sd
|
|
|
|
|
| SUPPAE . xpt
|
|
+_
|
1

definel-0-0.x51
examplel blank =CRF.pdf

T¥.xpt
| |

| +-—-HMapping Validation --Mapping Walidation
| | Mapping_walidation.html Mapping_walidation.html
|

|
| |
| |
| |
| |
| |
| +
| |
| |
| |
| |
| +---results
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |

9. Recommended reading and action taken

For a quick start and deep understanding, you could read the official documentations in the
following sequence:

C:\Program Files\CDISC Express\documentation\FAQ.htm

C:\Program Files\CDISC Express\documentation\Quick Start.htm

C:\Program Files\CDISC Express\documentation\User guide.htm
A video tutorial would be also helpful:

C:\Program Files\CDISC Express\documentation\videotutorial.htm
A must-read conference paper, An Excel Framework to Convert Clinical Data to CDISC SDTM
Leveraging SAS Technology by Sophie McCallum and Stephen Chan of Clinovo, supplies a

wonderful discussion the architectures of CDISC Express:

http://www.lexjansen.com/pharmasuqg/2011/ad/pharmasug-2011-ad08.pdf

Of course, you do not need to review all the pages then get the confidence to use the software.
Learn by doing and just dive into it. There is an opportunity for your practicing and you will also
have a change to win an iPad2 from Clinovo’s CDISC Express Contest:
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http://www.lexjansen.com/pharmasug/2011/ad/pharmasug-2011-ad08.pdf

http://www.clinovo.com/cdisc/game

The due day is July 15" and | already submitted my work. That’s fun.
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