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Introduction

• A statistical programming team in the pharmaceutical industry follows industry 

standards and regulatory guidelines for analysis and reporting to achieve regulatory  

compliance and high-quality results.

• Conventionally, every company has a checklist at hand to ensure the programming 

work follows the guidelines.  

• This paper lists several practical checking items on whether a clinical study 

programming team followed these rules.

• A toolkit macro checking the checklist items can help teams quickly identify the rules 

they may have violated and improve their work quality.  



Clinical Programming Workflow

1.  Read the 
documentation and study 
the data. 

2.  Co-author 
programming tracking 
sheet and Table-Listing-
Figure request list.

3.  Generate analysis 
datasets and conduct 
validation. 

4.  Generate tables, 
listings, or figures and 
conduct validation.



Compliance Checking Items
1 All analysis datasets programs documented in the programming tracking sheet are developed in the 

setup program folder.

2 All TLF programs documented in the programming tracking sheet are developed in the analysis 

program folder.

3 All protocol-specific macro programs documented in the programming tracking sheet are in the macro 

folder. 

4 All developed SAS programs should have corresponding outputs, logs, and listings. Every log/listing 

associated with the analysis datasets/TLFs should have consistent time stamps.

5 All TLFs documented in the TLF request list are developed in the output folder.

6 The validation for analysis datasets and TLFs programs is completed. The validation process executed 

has later timestamps than those of develop process.

7 The date/time stamps of TLF should be after the analysis dataset date/time stamps.  

8 When there is a vertical dependency relationship between analysis datasets, the date/time of analysis 

datasets should follow this sequential order.  For example, ADSL date/time should be before other ADaM

datasets.



Quality Control Checking Macro Toolkit and Checking Steps

Steps:

1. Retrieve analysis dataset and TLF program list from programming tracking sheet.  Retrieve 
TLF file names from TLF request list.

2. Retrieve analysis dataset and TLF programs, logs, listings, datasets, TLFs time stamp from 
working folder directory

3. Compare the programs with the programming tracking sheet and TLF request list.

4. Use ODS TAGSETS EXCELXP to print out the checking result



Quality Control Checking Macro Toolkit and Checking Steps (cont.)

Step 1. Retrieve analysis dataset and TLF program list from programming tracking 
sheet.  Retrieve TLF file names from TLF request list.

%macro read0programtracker (tracker_file=,  

                            tracker_sheetname=);  

 

     PROC IMPORT OUT= WORK.tracker  

                 DATAFILE= "&tracker_file"  

                 DBMS=EXCEL REPLACE; 

          RANGE="&tracker_sheetname.$a3:az1000";  

          GETNAMES=YES; 

          ….. 
      run; 

                        ….. 

 
              proc sort data=tracker out=tracker_pgmsetup nodupkey; 
         by program_name; 

         where program_subfolder='pgmsetup'; 

      run; 

          ….. 

%mend read0programtracker; 

 

%read0programtracker (tracker_file=%str(C:\Study001\documents\PDVT.xlsx),  

                      tracker_sheetname=%str(Plan and Track)); 

 

 



Quality Control Checking Macro Toolkit and Checking Steps (cont.)

Step 1. Retrieve analysis dataset and TLF program list from programming tracking 
sheet.  Retrieve TLF file names from TLF request list.

%macro read0argrid (argrid_file=,  

                    argrid_sheetname=,  

                    argrid_selection_criteria= ); 

 

     PROC IMPORT OUT= WORK.argrid  

                 DATAFILE= "&argrid_file"  

                 DBMS=EXCEL REPLACE; 

          RANGE="&argrid_sheetname.$a1:az1000";  

          GETNAMES=YES; 

          ….. 

     RUN; 

          ….. 

 

     proc sort data=argrid_ out=argrid_outtable nodupkey; 

         by table; 

     run; 

 

     proc sort data=argrid_ out=argrid_pgmanal nodupkey; 

         by pgmanal; 

     run; 

%mend read0argrid; 

 

%read0argrid (argrid_file= %str(C:\Study001\documents\TLF_List.xlsx),  

              argrid_sheetname=%str(TLFs LDS_EDS),  

              argrid_selection_criteria=%str(where csr='Y' ) ); 

 



Quality Control Checking Macro Toolkit and Checking Steps (cont.)

Step 2: Retrieve analysis dataset and TLF programs, logs, listings, datasets, TLFs time 
stamp from working folder directory

• SAS Component Language (SCL) Function

o FILENAME 

o DOPEN

o DNUM

o DREAD

o FOPEN

o FINFO



Quality Control Checking Macro Toolkit and Checking Steps (cont.)

Step 3: Compare the programs with the programming tracking sheet and TLF request list

1 All analysis datasets programs documented in the programming tracking sheet are developed in the setup 

program folder.



Quality Control Checking Macro Toolkit and Checking Steps (cont.)

Step 3: Compare the programs with the programming tracking sheet and TLF request list

1 All analysis datasets programs documented in the programming tracking sheet are developed in the setup 

program folder.

data check_1;

length flag1 flag2 $3. flag $10.;

merge tracker_pgmsetup(in=in1 rename=(program_name=pgmsetup) )

pgmsetup(in=in2);

by pgmsetup;

if in1=1 then flag1='Yes';

if in2=1 then flag2='Yes';

label flag1="Subfolder 'pgmsetup' in Plan and Track"

flag2='Program in CPI pgmsetup folder';

keep pgmsetup flag1 flag2;

run;



Quality Control Checking Macro Toolkit and Checking Steps (cont.)
Step 3: Compare the programs with the programming tracking sheet and TLF request list

2 All TLF programs documented in the programming tracking sheet are developed in the analysis program folder.



Quality Control Checking Macro Toolkit and Checking Steps (cont.)
Step 3: Compare the programs with the programming tracking sheet and TLF request list

2 All TLF programs documented in the programming tracking sheet are developed in the analysis program folder.

data check_2;

length flag1 flag2 flag3 $3. flag $10.;

merge argrid_pgmanal(in=in1)

tracker_pgmanal(in=in2 )

pgmanal(in=in3);

by pgmanal;

if in1=1 and in2=1 and in3=1 then flag='Good';

else if in1=0 and in2=0 then flag='Maybe ok'; 

else                         flag='Warning';

if in1=1 then flag1='Yes';

if in2=1 then flag2='Yes';

if in3=1 then flag3='Yes';

label flag1='Call Program In A&R Grid'

flag2="Subfolder 'pgmanal' in Plan and Track"

flag3='Program in CPI pgmanal folder';

keep pgmanal flag1 flag2 flag3 flag;

run;



Quality Control Checking Macro Toolkit and Checking Steps (cont.)
Step 3: Compare the programs with the programming tracking sheet and TLF request list

3 All protocol-specific macro programs documented in the programming tracking sheet are in the macro folder. 



Quality Control Checking Macro Toolkit and Checking Steps (cont.)
Step 3: Compare the programs with the programming tracking sheet and TLF request list

3 All protocol-specific macro programs documented in the programming tracking sheet are in the macro folder. 

data check_3;

length flag1 flag2 $3. flag $10.;

merge tracker_macrolib(in=in1  )

macrolib(in=in2);

by macro;

if in1=1 and in2=1 then flag='Good' ;

else if in1=1 and in2=0 then flag='Warning';

else if in1=0 and in2=1 then flag='Maybe ok';

if in1=1 then flag1='Yes';

if in2=1 then flag2='Yes';

label flag1="Subfolder 'macrolib' in Plan and Track"

flag2='Program in CPI macrolib\protocol-macros folder';

keep macro flag1 flag2 flag;

run;



Quality Control Checking Macro Toolkit and Checking Steps (cont.)
Step 3: Compare the programs with the programming tracking sheet and TLF request list

4 All developed SAS programs should have corresponding outputs, logs, and listings. Every log/listing associated 

with the analysis datasets/TLFs should have consistent time stamps.



Quality Control Checking Macro Toolkit and Checking Steps (cont.)
Step 3: Compare the programs with the programming tracking sheet and TLF request list

4 All developed SAS programs should have corresponding outputs, logs, and listings. Every log/listing associated 

with the analysis datasets/TLFs should have consistent time stamps.

data check_4;

. . .

if . < logtime < pgmtime then flag5='X';

if . < listtime < pgmtime then flag6='X';

if . < datatime < pgmtime then flag7='X';

if abs(intck ('minutes',logtime,datatime))>1 then flag8='X';

if abs(intck ('minutes',logtime,listtime))>1 then flag9='X';

if flag1='Yes' and flag2='Yes' and flag3='Yes' and flag4='Yes' and

flag5=' ' and flag6=' ' and flag7=' ' and flag8=' ' and flag9=' ' 

then flag='Good';

else flag='Warning';

output;

end;

. . .



Quality Control Checking Macro Toolkit and Checking Steps (cont.)
Step 3: Compare the programs with the programming tracking sheet and TLF request list

5 All TLFs documented in the TLF request list are developed in the output folder.



Quality Control Checking Macro Toolkit and Checking Steps (cont.)
Step 3: Compare the programs with the programming tracking sheet and TLF request list

5 All TLFs documented in the TLF request list are developed in the output folder.

data check_5;

length flag $10.;

merge argrid_outtable(in=in1 ) outtlf(in=in2 );

by table;

if in1=1 then flag1='Yes';

if in2=1 then flag2='Yes';

if flag1='Yes' and flag2='Yes' then flag='Good';

else if flag1='Yes' and flag2='' then flag='Warning';

else flag='Maybe ok';

label flag1='TLF in A&R Grid'

flag2='TLF in CPI outtable folder';

keep table flag1 flag2 flag;

run;



Quality Control Checking Macro Toolkit and Checking Steps (cont.)
Step 3: Compare the programs with the programming tracking sheet and TLF request list

6 Validation for analysis datasets and TLFs programs is completed. Validation process executed has later time 

stamps than those of develop process.



Quality Control Checking Macro Toolkit and Checking Steps (cont.)
Step 3: Compare the programs with the programming tracking sheet and TLF request list

6 Validation for analysis datasets and TLFs programs is completed. Validation process executed has later time 

stamps than those of develop process.

data check_6_dev;

merge 

file 

dev_pgm (keep=sas moddate)

dev_out (keep=log lst rtf sas7bdat logtime lsttime datatime rtftime); 

. . . 

data check_6_dbl;

merge 

file 

dbl_pgm (keep=sas moddate)

dbl_out (keep=log lst rtf sas7bdat logtime lsttime datatime rtftime); 

. . .

proc sql;

create table check_6 as

select a.file, a.logtime as devlogtime, b.logtime as dbllogtime, 

'Warning' as flag 

from check_6_dev as a, check_6_val as b 

where a.file = b.file and a.logtime > b.logtime;

quit;



Quality Control Checking Macro Toolkit and Checking Steps (cont.)
Step 3: Compare the programs with the programming tracking sheet and TLF request list

7 The date/time stamps of TLF should be after analysis dataset date/time stamps. 



Quality Control Checking Macro Toolkit and Checking Steps (cont.)
Step 3: Compare the programs with the programming tracking sheet and TLF request list

7 The date/time stamps of TLF should be after analysis dataset date/time stamps. 

proc sql;

create table check_7 as

select table, tlf, a.moddate format=datetime19. , dataanalysis,  

b.moddate as lastadam, 'Warning' as flag

from outtlf a, lastadam b

where a.moddate < b.moddate;

quit;



Quality Control Checking Macro Toolkit and Checking Steps (cont.)
Step 3: Compare the programs with the programming tracking sheet and TLF request list
8 When there is a vertical dependency relationship between analysis datasets, the date/time of analysis datasets 

should follow this sequential order.  For example, ADSL date/time should be before other ADaM datasets.



Quality Control Checking Macro Toolkit and Checking Steps (cont.)
Step 3: Compare the programs with the programming tracking sheet and TLF request list
8 When there is a vertical dependency relationship between analysis datasets, the date/time of analysis datasets 

should follow this sequential order.  For example, ADSL date/time should be before other ADaM datasets.

proc sql;

create table check_8_ as

select run_group, moddate format=datetime19., dataanalysis

from tracker_pgmsetup a, dataanalysis b

where a.program_name = b.dataanalysis and a.run_group ne ''

;

quit;

proc sql;

create table check_8 as

select a.dataanalysis as dataanalysis, b.dataanalysis as pre, 

a.run_group as pre_required_list label='pre-required list', 

a.moddate as moddate label='Data Datetime', 

b.moddate as moddate_pre label='Pre-Data Datetime',

'Warning' as flag, findw(a.run_group,b.dataanalysis) as ind

from check_8_ a, check_8_ b

where a.dataanalysis ne b.dataanalysis and

findw(a.run_group,trim(left(b.dataanalysis)))>0 and 

a.moddate < b.moddate

;

quit;



Quality Control Checking Macro Toolkit and Checking Steps (cont.)

Step 4: Use ODS TAGSETS EXCELXP to print out checking result

ods _all_ close;

ods tagsets.excelxp path="&outputpath\" file="&outfilename"

style=Printer 

options(autofit_height='yes'

pages_fitwidth='1'

fittopage='yes'

autofilter='all'

embedded_titles="yes"

autofit_height='yes');

%if &check_1=Y %then %do;

title1; title2; title3; title4; title5; title6; title7;

ods tagsets.excelxp

options(sheet_name = "check_1"

frozen_headers="7"

absolute_column_width='15');

proc print data=check_1 noobs label;

var pgmsetup flag1 flag2 flag 

/ style={background=$flagcolor.} ;

…

run;

%end;

…

ods tagsets.excelxp close;

ods listing; 



Compliance Checking Score Card



Conclusion

• The macro toolkit conducts the quality control process and checks whether 

a clinical study programming team following guidelines for analysis and 

reporting.  

o The macro toolkit is a demo work for the quality control process.

o Reference: PHUSE US 2020 conference paper, “How to Build 

Compliance Mindset into A Team Habit”.  

• Who use this macro toolkit

o Trial programmers do self-checking to ensure the compliance and 

quality.  

o The project leads or compliance SME can also conduct regular 

checking.
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