Paper SI10
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ABSTRACT

Traditionally the process for programming ADaM datasets is cumbersome and heavily relies on manual
work. We spend most of the time to develop or update code according to analysis specifications. More
often than not, study algorithms from previous studies are contained in various programs and locations.
Further, it can be a challenge to manage an algorithm library if algorithms are in text format.

This paper shares an approach to automatically generate SAS® code to create ADaM data from source
SDTM data via metadata.

The key concept includes extracting algorithms from code to be populated into metadata and managing
the metadata to generate the code.

This technique is used in ADaM data creation and can be extended to other uses.

INTRODUCTION

With regulatory agencies enforcing more standardized data and industry moving towards standardizing
analysis requirements, we look to achieve more automation for analysis by reusing standard and previous
study algorithms stored in metadata to generate SAS code.

Using a modular approach in our ADaM dataset design we will illustrate the concept of metadata based
auto programming using ADaM planning specifications, SDTM data and macro and parameter level
metadata. We will also provide an example Data Step Level for IF-THEN/ELSE logic, using a metadata
approach.

EXAMPLE 1: Macro Level Metadata

In this first example, we will demonstrate how to automatically generate the ADAE.sas by using our ADaM
Excel planning sheet (specifications) as input, extracting information from standard macro and program
folders and converting it to macro level metadata. This macro level metadata is then used to
automatically build modularized ADaM SAS code.

ADAE .xIs Specification: The ADAE.xls specification includes key information such as SAS macro name
for variable derivations (SASMCR) and variable derivation order (DERVORD) necessary to create
modularized SAS code according to the input specification.
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ADAEsks [Compatibility Mode] - Excel

X68 f
F G H J N R U A w
1 |DATASET (VARNAME _(VARVER _(VARLABEL = {DERVCIRD . |CODELST _|ORIGCOM .|DERVCOPY _ISASMCR _'[
i if
ADSL.ARFSTDT=<ASTDT=<
ADAE TRTEMFL 1 Treatment Emergent Analysis Fla 09 ADYES Derived WADTRTEMFL
8 ysis Fag ADSL.TRTEDT + [xx] days
55 then TRTEMFL="Y"_ See
Code AE.AEREL to
i lue. L
ADAE AERELN 1 Causality (N) 10 RELN num?rrc value. Low Derived H%ADREL
relation should
66 correspond to low value.
If AEREL is "NOT RELATED'
or 'DOUBTFUL' then
ADAE RELGR1 1 Pooled C lity G 1 10 RELGR Derived %ADREL
poled Causality Group RELGR1 is equal to 'NOT [0 "°
67 RELATED'. Otherwise, if
ADAE RELGRIN 1 Pooled Causality Group 1 (N) 10 RELGRN |Code RELGR1 to numeric. |Derived YADREL
68
Instructions. ADM Dataset ADAE ADM Codelist Release History [

%uacADaMCode Macro Call Program: One macro call program %uacADaMCode is run by the
programmer, which will automatically generate the ADAE.sas code in this example.

Remarks : The ADMacrodir, studyADPrograms, and domain parameters can
have multiple separated by a pipe (|).
For example, &pathl | &path2 for ADMacrodir and studyADPrograms.
For example, ADAE | ADVS for domain.
Macro Parameters ADMacrodir - paths to reference macro folders
atudyADPrograms - paths to reference program folders
metadir - path to your metadata that will be used to create you code
domain - domains you want to create

outDir - output directory path write out files

s

$uacADaMCode (ADMacrodir = &:cpdrv.\l_ LOBAL\AnalysisStandards_Test Release\Macros

(metadir = gopath
,StudyADPrograms = &topdrv.\l GLOBAL\AnalysisStandards Test Release\Programs
,domain = ADAE

;outDir = gopath);

There are main two steps in the %uacADaMCode macro. The first step is to extract information from the
macros themselves and save that information in the metadata. The second step, we use the metadata to
write out the code.

The %uacADaMCode macro will scan the standard macro and program folders to parse the SAS code
(by Perl Regular Expression). From the macros, we extract the headers, parameters and default
parameter values and convert into macro level metadata. From the standard or study specific program
folders, we parse the macro call statements to create macro and parameter level metadata, included in
the examples below.
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Macro Level Metadata:

| macName | paramn | param | equal | paramval
%“MACRO ADREL 1 |indsn =

%MACRO ADREL 2 | outdsn =

%“MACRO ADREL 3 |keepvars =

%MACRO ADREL 4 | debug = OFF
%MACRO ADTRTEMFL 1 |indsn =

%MACRO ADTRTEMFL 2 linvar =

%MACRO ADTRTEMFL 3 | adrule =

%MACRO ADTRTEMFL 4 | outdsn =

%MACRO ADTRTEMFL 5 | debug = OFF

Parameter Level Metadata: Standard or study specific reference programs are used to help populate

the parameter level metadata for each domain.

| domain | macName

| paramn | param

| equal | paramval

adae %ADREL 1 |indsn = adae

adae %“ADREL 2 |outdsn = adae

adae %“ADREL 3 |keepvars | = AERELN RELGR1 RELGRIN
adae %ADREL 4 |debug = OFF

adae %“ADTRTEMFL 1 |indsn = adae

adae %“ADTRTEMFL 2 |invar = &dayvar

adae %“ADTRTEMFL 3 | adnule = VERSION1

adae %“ADTRTEMFL 4 |outdsn = adae

adae %“ADTRTEMFL 5 |debug = OFF

The second step is to generate the macro call statements in the ADaM code. The macro searches the
parameter level metadata first. If the specified macro cannot be found in the parameter level metadata,
then the default values from macro level metadata is used. The input data name (indsn), output data
name (outdsn) and version number (adrule) can also be automatically updated according columns in the
planning specification sheet (VARVER corresponds to the standard analysis rule version).

Autogenerated ADAE.sas: Below illustrates the section of code that was built for the derived TRTEMFL,

AERELN, RELGR1 and RELGRI1N variables after applying the parameter and macro level metadata.
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$ADTRTEMFL (indsn = _09ADADURN,
invar=&dayvar,
adrule = VERSION1,
outdsn = _10ADTRTEMFL,
debug=0FF) ;

$ADREL (indsn = _10ADTRTEMFL,
outdsn = _11ADREL,
keepvars=ARERELN RELGR1 RELGRIN,
debug=0FF) ;

Normally when a new study starts, we manually refer to the programs and macros from a similar study.
We might even include different modules from a few studies. Now, we can do this automatically using
the %uacADaMCode macro call program. It can combine the metadata from multiple previous studies
and our standard macro and program library. A key aspect is we benefit and learn from previous
experience to select the best macros and algorithms for our current needs.

Below illustrates that %uacADaMCode macro can reference three previous studies and the standard
library to create both the macro and program metadata. We can go straight to the SAS code from here,
or as you will see below, we can assess the findings and choose the best options.

fuacADaMCode (ADMacrodir = gatudylMacroPath | &atudy2MacroPath| &study32MacroPath| &atandardMacroPath
,detadir = fopath
,3tudyADPrograms = éstudylProgramPath | &study2ProgramPath| éstudy3ProgramPath| éstandardProgramPath
,domain = ADSL| ADAE |ADVS |ADLB
JoutDir = fopath);

Here is an example of a separate macro %PowerMacroExplorer we developed that allows you to
compare macro and program metadata from multiple studies to obtain a complete overview. Inthe
example below illustrates twenty plus studies under one compound macro level metadata. As we can
see, it is easy to find the most commonly used macros and the study-specific macros. Users can learn
from the metadata and pick the best one for their own needs and apply it in the %uacADaMCode macro.
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|Count of PARAM I=
' MACNAME _* PARAMN = PARAM * PARAMVAI~ AN EDIGEIGEILU(LYF MNMMNMM MM MM MR MR MK MN MA MBA MA MR MR MK MK MDA NK SMRB
#%MACRO ABLFLPRO
| “%MACRO ABLFLVS 2
| #%MACRO ABLFLXC 2
| #*%MACRO ABPLSCEC 2
| “SMACRO ADABLFL =1 =indsn Al 3 1 1 il 1 :
=2 =outdsn 4 1 ; 1 il 1 1
=3 =adrule 1] 1 1 1 1l 1 1
| =4 =debug OFF 1] 1 4 : 3 ]l 1 : 8
| #*%MACRO ADABLFL2 7 rd
| #*%MACRO ADABLFLBMK 4
| *%MACRO ADABLFLIS 6
| #*%MACRO ADABLFLPK 6
| *%MACRO ADADTBL 4
+%MACRO ADADURN 12 12|13 12 12 12/13/ 12
| ®%MACRO ADADY 8 8 8 8 8 8 8
| ®“%MACRO ADADY1 5 | T e 5|
#%MACRO ADAECQNAM |Count of RC ~1
~%MACRO ADAEDT FILENAM-T|MACNAME |~ |[PARAM |-T|PARAMVAL ~ | GE LU MI MI MI MIMIMIMIMIMIMIMIMIMIMISMP
| ®%MACRO ADAEDTN ~adchem “%ADTRTA =debug OFF 1 1 1
' $MACRO ADAETOX = dummy Sdummy 1
B ne 1 1
| ssmacro ADAGEGR ' AT IRTOLA TRTOLAN /-TRTA TRTAN-/ ' 1 '
#%MACRO ADANLOIFL 1 = ™
1 | = %ADTRTDT =debug  OFF 1 i
| #SMACRO ADAOCCFL =keepvars TRTSDT TRTEDT 1
| ®*%MACRO ADAPERIOD TRTSDT TRTSTM TRTSDTM TRTEDT TRTETM TRTEDTM TRTEDY a
| ®“%MACRO ADAPHASE = %ADTRTP —debug  OFF 1 1 1
“%MACRO ADARFSTDT | Sy, Sy = = 1
1 | no
| ®“%MACRO ADATPT | —keepvars TRTO1P TRTOLPN 1 B
| #*%MACRO ADATTRIB | TRTO1P TRTO1PN /+TRTP TRTPN+/ 1
| ®*%MACRO ADAVISFL | = ®%APERIOD =dt adt 1
#%MACRO ADAVISIT i Sprefix b 1
| = %APHASE =bif abif ifalalaralalaraararara alalala
| ®*%MACRO ADAY | — evaldt adt ifa{afalafajafa[afalala 1 1] 1
| #*%MACRO ADAYINFC S ®AVISIT = paramcd %strC’CACR” "CA") 1
| #¥MACRO ADBDSAVISIT 'CA’ 'CACOR' CAION! 11 L1 1
+%MACRO ADBDSAVISITN {
1 =%BSLCHG = byvl basetype paramecd 1
“%MACRO ADBLVARS | paramcd i3l alalalala % ) [ T il al a3
+%MACRO ADBMI = %PARAM = prefix b alalafajajala 13l afcal af afaf af 1
| *%MACRO ADBSA SKPARAMVAL =avalcvar Ibstresc ifarafafafafa alafalalafrafafara
‘, = avalvar lbstresn 1/ 1) 1} 1} 2| 1] 1 11 2] 2| 212} 2l 1) 1| 1
MMACRO ADGACOR = prefix b 1/ 1) 1 13 31 1 1 1/ 2 3212} 1] 2 11| 1
| “SMACRO ADCANSUB | ~%TOXGRDV4 = birthdt ialalrils alalalalafalilaa
MAC PGMAC | = by STUDYID USUBJID BASETYPE LECAT LETESTCD LEMETHOD LBSPEC VISITNUM LE 1
L1 STUDYID USUBJID LBCAT LBTESTCD LBMETHOD LB 1 1 1
STUDYID USUBJID LEBCAT LETESTCD LEMETHOD LBSPE 1 1
STUDYID USUBJID LBCAT LBTESTCD LBMETHOD LBSPEC VISITNUM LBTPTNUM LBSPI 1 1
STUDYID USUBJID LBCAT LBTESTCD LBMETH| 1 alajara
STUDYID USUBJID LECAT LETESTCD LBMETHOD LBSPEC VIS| 1 1
Sictcterm  ctcterm 1 i3l afala i3l alalafafaiala
=fasting  no 1 1l alal a3 a3 A
yes - X 1l 1
=indicatr  indicatr 1 1] 11 1] 1} 1 1/ 3| 3f 21 31} 1;1; 1] 1
=inrange 1 1j 1) 31} 1} 1 11 3. 3! 3; 3{ 2} 1] 1! 3
= lbtox Ibtoxar 1 ] 3l afala alalafalalafalala
MAC | PGMAC @

We know that a similar study design can share similar macro calls. It follows that using the standards and
previous studies can save a lot time. Macros have already been tested and validated and users don't
need to ‘re-invent the wheel'. Copying the parameter values from metadata as much as possible can
keep the code more consistent. The example below shows that for the ‘by’ parameter of

macro % TOXGRDV4 there are five different parameter values saved in the comparison metadata. The
two lines of parameter values in green are the same but extra spaces caused the inconsistency.
Apparently at least one macro parameter value was written manually with an extra space. This allows
programmers to see across multiple studies and correct any slight inconsistencies. This allows for macro
governance across a disease area or therapeutic areas, which will help ensure robust macro
development and consistency.

MACNAME -7 |PARAM -T|PARAMVAL '|GILLMMMMMMMMMMMM
=%TOXGRDV4 = pirthdt | 1 11111 1111171
Shy STUDYID USUBJID BASETYPE LBCAT LBTESTCD LBMETHOD LBSPEC VISITNUM LBSPID LBGRPID LBDTC LBREFID Ibseq 1
STUDYID USUBJID LBCAT LBTESTCD LBMETHOD LBSPEC VISITNUM LBSPID LBGRPID LBDTC LBREFID 1 1
STUDYID USUBJID LBCAT LBTESTCD LBMETHOD LBSPEC VISITNUM LBSPID LBGRPID LBDTC LBREFID
STUDYID USUBJID LBCAT LBTESTCD LBMETHOD LBSPEC VISITNUM LBTPTNUM LBSPID LBGRPID LBDTC LBREFID LBSEQ 11
Scteterm  ccterm 1 11111 111111
=fasting  no 1 1111 1111
yes 1 1 1
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EXAMPLE 2: IF-THEN/ELSE logic in Data Step Level

In this second example, we will demonstrate two cases of how to automatically generate SAS code for
complex IF-THEN/ELSE logic in Data Steps.

There is general macro %ifStatement developed to create IF-THEN/ELSE statement from metadata in the
following ifVar_outVar structure:

Table 1
groupVar | ifvarl | ifvar2 = | ifvarN | _ | outVarl outVar2 | *** | outVarN
XXX XXX XXX XXX | XXX XXX XXX XXX | XXX
XXX XXX XXX XXX | XXX XXX XXX XXX | XXX
XXX XXX XXX XXX | XXX XXX XXX XXX | XXX

The ‘_’ is the separator column. To the left of the separator are the input variables and to the right are the
output variables (the groupVar column is optional). The cells in the table can be filled in with any value,
variable name, or even an expression (denoted with a leading hash symbol #), and the IF-THEN/ELSE
statement can be generated with a clear nesting structure to map the input variable to the output variable.
e.g., the metadata below will generate the code below:

Table 2
groupVar | ifvVarl ifVar2 _ | outVarl outVar2
1 varA 'valueA' 'valueX' 'valueY'
1 varA 'valueB' varX varY
2 #varl>var2 | 'valueC' H#expressionX | #expressionY

if ifvarl=varZ then do;

if ifvar2="valuekh' then do; outVarl='valueX'; outVar2='valueY';end;
else if ifvar2="valueB' then do; outVarl=varX; outVar2=var¥;end;
end;
if  warlsvar2 and ifvar2='valueC' then do; expressionX; expressionY;end;

This approach can be used to convert different specification data into codes.

Assume we have the following specification table in Excel for the lab toxicity grade definition:



1 PARAMCAT

Z |HEMATOLOGY
3 |HEMATOLOGY
4 |HEMATOLOGY
5 |HEMATOLOGY
6 |HEMATOLOGY
T |HEMATOLOGY
2 |HEMATOLOGY
9 |HEMATOLOGY
10 |HEMATOLOGY
11 |HEMATOLOGY
12 |HEMATOLOGY
13 [HEMATOLOGY
14 [HEMATOLOGY
15 |CHEMISTRY

S P —

PARAM

Hemoglobin (g/L)
Hemoglobin (g/L)
Hemoglobin (g/L)
Hemoglobin (g/L)
Hemoglobin (g/L)
Hemoglobin (g/L)
Hemoglobin (g/L)
Neutrophils (x10E9/L)
Neutrophils (x10E9/L)
Neutrophils (x10E9/L)
Neutrophils (x10E9/L)
Neutrophils (x10E9/L)
Platelets (x10E9/L)
Creatinine (umol/L)

PP AR
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LBTESTCD UNIT AGELOD AGEHID gllo

HGB /L 1 7 130<=
HGB /L 2 51 120<=
HGB /L 22 35 95<=
HGB /L "6 50 85<=
HGB /L 51 "0 90<=
HGB a/L 31 730 90<=
HGB /L 731 5240 100<=
NEUT  x10E9/L 1 1 5=
NEUT  x10E9/L 2 s 1.75¢=
NEUT  x10E9/L 7 50 1.2<=
NEUT  x10E9/L 61 50 0.75<=
NEUT  x10ES/L 91 5240 0.75<=
PLAT  x10E9/L 1 S840 NA
CREAT umol/L 11 s

3 r

H

RN i

The following SAS code can be automatically created:
if PAREMCAT="'HEMATOLOGY " then do;
PARAM="Hemoglohin (g/L)"' then do;

if

end;

if LBTESTC
if UNI
if

end;
else

end;

SEo

else

end;

else if PAREM="

end;

if LBTESTC
if UNI
e

else if PARDM="

end;
end;
else if

A

end;

SRS

D="HGB"' then do:
T="g/L" then do;
l<=age<=7 then do:

gihi
<=140
<=130
<=105
<=54
<=599
<=599
<=109
<=7
<=2.5
<=1.8
<=1.2
<=1.2
MNA

e

g2lo
120<=
100<=
80==
T0<=
70<=
J0=<=
70<=
=

1.25<=

0.9<=
0.4<=
0.4<=
50<=

[

g2hi
<130
<120
<95
<B4
<90
<30
<100
<5
<1.75
<l.2
<0.75
<0.75
<=75

- 4 aman

g3lo
-9995<
-9999<
-9995<
-9999<
-9999<
-9999<
-99959<
1.5<=
0.75<=
0.5<=
0.25<=
0.25<=
<=25

sa amnnoa

if 130<=gwal<=140 then Ltoxgrade=1-
else if 120<=ayal<l130 then Loxgrade=2;
else if -999%9<gwal<l120 then Loxgrade=3;

if B<=age<=21 then do;

SELLLES

xS

if T3l<=age<=5840 then do;

if 100<=gyal<=10% then Loxgrade=1:
else if To0<=gawval<l100 then Loxgrade=2Z;

else if -9999<gwal<T0

then

Neutrophils (x10ES/L) "' then do:

D="NEUT' then do;
T="®x10ES/L"' then do;
L E S

Platelets (x10E2/L) "' then do;

PARAMCAT="CHEMISTRY"' then do;

LS

Lezxgrads=3;

g3hi
<120
<100
<80
<70
<70
<70
<70
<3
<1.25
<0.9
<0.4
<0.4
<50

1%¥88.4<= <=1.7%88.£1.7%88.4< <=2.4%88./2.4%88 4< <=3%33.4

PR

gdlo
NA
NA
NA
NA
NA
NA
NA
-9993<
-9999<
-9995<
-9993<
-9995<
-9993<
3*88.4<

[P

g4ahi
NA
MNA
MNA
NA
NA
MNA
NA
<15
<0.75
<0.5
<0.25
<0.25
<25
<9999

Another example starts with the specifications for the derivation of Best Overall Response per RECIST
criteria. Below is an example of the specification.
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time
point (X.)

CR Unknown

Crwerall Owerall response
response |at 2nd time point
atist  |(Xi)

Unknown

Owverall response at 3rd
time point (%)

Best overall Response

Final: SDif X, = XX otherwise, NE

Interim: If no additional disease
assessmeants are expecied” then
SD if X, = XX otherwise, ME
else uCR

CR with X5 - X, =YY [Any

CR

CR With X - X, = ¥r |Unknown

Final: SDif ¥: = ¥X otherwise, NE

Interim: If no additional disease
assessments are expected® then
SD if X, = XX otherwise, NE
else uCR

PR

Flag as a data issue with note:
cannot be PR after CR.
SD if Xz = 22X otherwise, PD

sD

Flag as a dafa issue with note:
cannot be SD after CR.
SD if X, = XX otherwise, PD

SD if X, = XX otherwise, PD

PR

Flag as a dafa issue with note:
cannot be PR after CR.
SD if X, = XX, otherwise PD

sD

Flag as a dafta issues with note:
cannot be SD after CR.
SD if X, = 22 otherwise PD

PD

Ay

SD if X, = XX otherwise PD

FR CR

CR

if X5 - o =YY, CR;
else it will be changed to leading (PR, CR)
sequence due o data Step 10

The specification table in word document converted to a similar structure in a table format in Excel.

i

W oSN wn oW

3383999999

3888883898828

i
23
9‘3§

-
w

-
N
?
-]

Unknown

X2 -X1>=YY

#X2-X1<YY Unknown

#X2-X1<YY
X2 -X1<YY

#(2-X1<YY

PR

sD
#X2-X1<Y¥ PD

#other

# X3-X2>=YY
#other

Unknown

IFC
#X1 3= XX

X2 2= XX
8X2>=XX
#X2 >= XX
#X22=XX

X1 >= XX
X1 5= XX

#X1>=XX

BX1>=XX

Final: SDif X, = XX otherwise, NE

Bmbmorimes B rom moelefidimamml slis s,

BOR1 BOR2 NOTE ERROR

sD
CR
sD
sD
SD
SD

sD
SD
sD

sD

333 3337

=
m

Note: cannot be PR after CR.
Note: cannot be SD after CR.

#put 'ERROR: Unexpected error 1. " USUBJID= RSDTC=;

Note: cannot be PR after CR.
Note: cannot be SD after CR.

#put 'ERROR: Unexpected error 2. " USUBJID= RSDTC=;

#put 'ERROR: Unexpected error 3. " USUBJID= RSDTC=;

Then the following SAS code can be automatically created:
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if RS1='CR' then do;

if MISSING(RSZ2) and MISSING(RS3) then BOR=IFC (X1 »>= XX, "sD","NE");
else if RS2="CR' then do;
if ¥2 - XKl >= ¥Y then BOR="CR";
else if X2 - X1 < YY then do;
if MISSING(RS3) then BOR=IFC (X2 >= X¥,"sD","NE");
else 1f RS3="FR' then do; NOTE='Note: cannot be PR after CR.'; BOR=IFC (X2 >= XX,"SD","PD");end;
else if RS3="5D' then do; NOTE='Note: cannoct be SD after CR.'; BOR=IFC (X2 >= XX,"SD","PD");end;
else if RS3="FED' then  BOR=IFC (X2 >= XX¥,"SD","PD");
else do; put 'ERROR: Unexpected error 1. ' USUBJID= RSDTC=;BOR="";end;
end;
end;
else if R32="PR' then do; NOTE='Note: cannct be PR after CR.'; BOR=IFC(X1l >= XX,"SD","PD");end;
else if R32="5D" then do; NOTE='Note: cannot be 5D after CR.'; BOR=IFC(X1l >= XX,"sD","PD");end;
else if RS2="PD" then BOR=IFC (X1 »>= XX,"sSD","PD");
else do; put 'ERROR: Unexpected error 2. ' USUBJID= RSDTC=;BOR="";end;
end;
else if RS1='PR' then do;
if MISSING(RSZ) and MISSING(RS3) then BCOR=IFC (¥l »= XX, "3D","NE");

else if RS2='CR' then do;
if RS3='CR' then do;
if X3 - X2 »>=YY then BOR="CR";
else do; put 'ERROR: Unexpected error 3. ' USUBJID= RSDTC=;BOR="";end;
end;

For the previous two use cases, although the input specification is different structure, we only need
some simple codes below to convert them to the general ifVar_outVar structure (Table 1):

array glo{*} gl1lo 2210 g£3lo g4lo:
array ghi{*} glhi 22hi g3hi g4dhi:
do i = 1 to dim(glo);
agelf = cats("#", agelod,’ <=aged=", agehid):
avallf = cats("#, glo[i],  aval’, ghi[i]) ;

‘ongrada =1;
if (glo[i] ne "N&" or ghili] ne "NA') then output;
end;

_BOR]1 = quote(strip(BOR1));

_BORZ = quote(strip(BORZ)) .

if IFC = "' then _IFC = cats( #BOR=",_BOR1l).

glze _IFC = cats(tranwrd(IFC, #", "#BOR=IFC("), ",",_BOR1, ", ,_BORZ, ")");
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PARAMCAT PARAM LBTESTCD UNIT  agek avalf _ toxgrade |
1|HEMATOLOGY | Hemogiobin (g/L) |HGB o/l |Hlcsagecs7 | #130caval<=140 1]
2[HEMATOLOGY | Hemoglobin /) | HGB (gL |#iceagecs? | #120<mavai<id0 2|
3|HEMATOLOGY | Hemoglobin (@/L) |HGB [ |#1ceagecs? | #9998caval<120 3|
4HEMATOLOGY | Hemoglobin (/L) | HGB | |#8ceagecs21  |#120¢-avale=120 1
5 HEMATOLOGY | Hemogiobin (/L) |HGB g/l |#Bceagece2] |#100csaval<120 2|
6|HEMATOLOGY | Hemoglobin (/L) | HGB lo/L |#Bcmagec=21 _|##9999<aval<100 al
7| HEMATOLOGY .Herna;dobn |RS1 RS2 x2Xx1 RS3 X3 _ NOTE ERROR FC
8! HEMATOLOGY .Hemogiobn 1/CR  |missing | | missing | | #BOR=IFC(X1 >= XX."SD""NE")
3| HEMATOLOGY [Femogtin 2ICR_|CR _[M2-X15=vY | _ _ #BOR="CR"
1 3ICR |[CR BX2-X1<¢YY |missing BBOR=IFC( X2 >= XX."SD","NE")
10 | HEMATOLOGY | Hemoglobin - - { - e
T HEMATOLOGY [Hemogibin—[C0 {8 [ime-xicYi PR Note: cannot be .. |#BORSIFC( X2 = XX"SD""FD")
{ 5/CR |CR #X2-X1<YY |SD Note: cannot be . #BOR=IFC( %2 >= XX,"SD","PD")
12[HEMATOLOGY  [Hemogobn  ¢/cr TR |ma.xi<vy 10| t P
13|HEMATOLOGY _ |Hemogiobin  7/cR R |axa-X1<vy |a1 | | #put ERROR: Ul... |#BOR="
14 [HEMATOLOGY  |Hemoglobin  8/CR |PR | Note: cannat be | FBOR=IFC(X1 >= XX"SD",PD")
15 HEMATOLOGY |Hemogiobin  9/CR |SD | Note: cannot be | HBOR-IFC(X1 >= XX"SD""PD")
16 [HEMATOLOGY  |Hemogobn  10|CR [PD | '_ | HBORSIFCX1 >= XX,"SD"."PD")
17|HEMATOLOGY  |Hemogiobin  11/CR[#1 | _ _ %t ERROR U | #BOR="
T e T A e 1 T missing HBOR=IFC(X1 >= XX"SD"."NE")
Rows 1-020f 92 Filter: OFf Sotnor 13/PR |CR | [cr |5 xa-x2>ary ' | #BOR-"CR"
s[pr R | [cr [ #pt ERROR: U__ | #BOR=""
15/PR [CR  |#X2-X1>=YY |missing | ' | #BOR="PR"
16(PR |CR  |#X2-Xis=YY PR | Note: cannot be ... | 4BOR="PR"

12an oo LT oo Al ke MnA0 _roow

Rows 1-360f 36 Filter: Off Sort: none
Once we have the above ifVar_outVar table (Table 1 structure) created, we call the macro:

YifStatement(outSASFile="& currentPath\ifstatement. sas”
, indsn = ifMetalata
» separatorVar =
, addQuote = ¥
, nGroupVar = 0);

then the IF-THEN/ELSE logic code can be created automatically (here no groupVar needed and the
whole table is one group);

The benefits of this approach are:

» IF-THEN/ELSE logic is a powerful, logical construct that can cover many data derivations that may or
may not be achieved using other SAS techniques. We can specify value, variable and even
expressions in the metadata table.

« Maintain consistency between the specification and the program; therefore, changes need to be
made only in one place. The code generated is easy to review and understand.

« Allow making changes in a central location and obtain better traceability from the source variable to
the mapped variable.

« Enable a higher-level standardization due to reusability of the mapping specification template and the
macro.

« The metadata may be saved in a general structured database to store most of the variable mapping
algorithms to build a library

10
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SUMMARY:

We can try to achieve as much automation as possible in code generation for analysis, although 100% of
automation is not yet possible. Currently the source, output data, specifications and SAS macros are
getting more and more standardized. The benefits of Metadata-based Auto-Programming Process are:

* Reduce manual work and potential human error which inevitably leads to wasted time in both coding
and debugging.

* Programmer focuses on the logical design instead of detailed technical coding.

* Able to compare with standard/historical algorithms by metadata comparison to enhance the
standards and maintain consistency

» Centralized control of coding instead of scattered pieces

* Potentially require lower level of SAS skills.

»  Further benefits with future Database and Interface like MDR (MetaData Repository) system

For simplicity of this paper, the two examples are simplified cases using simple SAS macros and Excel
data. The concept demonstrated can be extended to more complicated cases with other programming
tools, Database and Interface like MDR (Metadataa Repository) system.
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