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Better Management & Higher Quality Deliverables 

Apply Best Practices in 
CDISC and Data Review 

Build on the Four Pillars 
of SAS Programming 

Techniques 

Give Clinical Study and 
Technical Training 

Three key 
components to 
complete tasks 



Apply Best Practices in CDISC and  
Data Review 

Apply CDISC 
Standards 

Manage 
Quality 

Deliverables 

Know the 
Data and 

Issues 

Write more 
Robust Code 
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Apply CDISC Standards:  
SDTMs/ADaMs Process Flow  

Annotated CRF 

(dataset templates) 

(metadata source 

            for 

 SDTMs, ADaMs, 

 and define.xml)  

SDTMs 

e-submission  

deliverables 

SDTM /ADaM 

 Specifications 

Mapping  

programs 

define.xml 

 (SDTMs/ADaMs) 

ADaMs 

Tables, Lists  

and Figures 



Apply CDISC Standards 

Raw Data SDTM Data 

Use Format Catalog  
and PUT() function to 
standardize raw data 
 
SDTM_VAR = 
PUT( RAW_VAR, 
$MAP_RAW_VAR_FMT.); 



Manage Quality Deliverables:  
Communicate / Organize / Document 



Know the Data and Issues 
 Data Edit Checks 
 Reconciliation Reports Review  
 Complex Variable Derivation Check Review 
 Non-Missing and Missing Summary Report 
 Challenges in assigning analysis visit windows in LB  



Know the Data and Issues 

Challenges in assigning analysis visit windows in LB  

 

                                                           Cumulative    Cumulative 

           BASEDT   PEAKDT      PEAKVAL   Frequency  Percent Frequency      Percent 

      ------------------------------------------------------------------------------ 

      NON-MISSING  MISSING      MISSING      5       2.25        5         2.25 

      NON-MISSING  NON-MISSING  NON-MISSING  217     97.75      222       100.00 

 

Non-Missing and Missing Summary Report  
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Write more Robust Code  
SAS Tip: Map VISIT to AVISIT 

1) Apply Visit Windows 

Assign target visit and select one visit 
closest to target visit 

2) Adjust for Overlap Days 

Instead of mutually exclusive 
conditions, apply IF-THEN logic to use 
all data 

Analysis   Visit Target Day Window 
Baseline   -5 ADY in <= -5 
DAY 0   0 ADY in 0 
DAY 1   1 ADY in 1, 2 
DAY 3   3 ADY in 2, 3, 4 
DAY 5   5 ADY in 4, 5, 6 
DAY 7   7 ADY in 6, 7, 8, 9, 10 
Week 2   14 ADY in [10, 21] 
Week 4   28 ADY in [22, 42] 

Non-mutually exclusive conditions 
enable greater flexibility to assign 
analysis visits but also present 
programming challenges 
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SAS Tip: Map VISIT to AVISIT 

Key Program Steps 

1. Apply visit window for non-missing aval based on priority. 
 a. Apply window below, notice duplicates - ADY = 4 (first for DAY 3, second for 
DAY 5), and ADY = 6 (first for DAY 5, second for DAY 7). 
 
 b. Select closest to target if equal distance since as AVISIT = ‘DAY 5’ for ADY = 4 
instead of ADY = 6. 
 
2. If missing AVISIT because used for another AVISIT then make sure to assign 
missing AVISIT. 
 

3. Sort by usubjid paramc avisit difference with target date to get the closest to 
target date and ady. 
 

4. Assign all non-closest to missing avisit. 
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* Assign AVISIT and TARGET based on ADY; 
 
data adbmk7; 
length avisit $20. target awtdiff 4.; 
set adbmk6; 
  
  if aval = . or ady = . then do; avisit = '';  target=.; end; 
  else if BASE = 'Y' then do; AVISIT = 'BASELINE'; target=-5; end; 
  else if ady = 0 then do; avisit='DAY 0'; target=0; end; 
  else if ady in (1, 2) then do; avisit='DAY 1'; target=1; end; 
  else if ady in (2, 3, 4) then do; avisit='DAY 3'; target=3; end; 
  else if ady in (4, 5, 6) then do; avisit='DAY 5'; target=5; end; 
  else if ady in (6, 7, 8, 9, 10) then do; avisit='DAY 7'; target=7; end; 
  else if 10 <= ady <= 21 then do; avisit='WEEK 2'; target=14; end; 
  else if 22 <= ady <= 42 then do; avisit='WEEK 4'; target=28; end; 
  else avisit=''; 
  
  if nmiss(target, ady)=0 then awtdiff=abs(target - ady); else awtdiff=.; 
run; 

SAS Tip: Map VISIT to AVISIT 
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* Sort by usubjid paramc avisit difference with target date to get the closest to target 
date and ady; 
 
proc sort data=adbmk7; 
  by usubjid paramcd aperiod avisit awtdiff ady; 
run; 
  
* Assign all non-closest to missing avisit; 

 
data adbmk8; 
 set adbmk7; 
 by usubjid paramcd aperiod avisit awtdiff ady; 
  
 if ^first.avisit then avisit=''; 
  
 if AVISIT > '' and AVAL > . then aucdy = input(put(avisit, $aucbmk.), best.); 
  
run; 

SAS Tip: Map VISIT to AVISIT 



Write more Robust Code  
SAS Tip: Fuzzy Join to Derive Ncart 

continued... 

 
QPPB  

 
WBC, MONOLE and LYMLE  

Ncart = 1000*(WBC)* 
(MONOLE + LYMLE)/ 
100*QPPB/100 

Date 1 All non-missing on Date 1 
 

Derive Ncart 

 
Date 1 

All non-missing and shortest 
distance on Date 2 within +/- 3 
days if LBDY <= 35 
 

 
Derive Ncart 

 
Date 1 

All non-missing and shortest 
distance on Date 2 within +/- 10 
days if LBDY > 35 
 

 
Derive Ncart 

 
Date 1 

Individual non-missing and 
equal  distance than take 
average of WBC, MONOLE and 
LYMLE 

 
Derive Ncart 



data lb_newa1; 
set lb_new; 
by usubjid aperiod lbdt lbdy; 
 
 * 1 - create lbdymin lbdymax var that define windows based on +/- 3 days if 
lbdy <= 35 and +/- 10 days if lbdy > 35; 
if lbdy <= 35 then do; lbdymin = lbdy - 3;  
   lbdymax = lbdy + 3; end; 
else if lbdy > 35 then do; lbdymin = lbdy - 10;  
   lbdymax = lbdy + 10; end; 
  
rename monole=monole_i wbc=wbc_i lymle=lymle_i; 
 * 2 - identify non-missing records for monole, wbc, lymle and nmcyt; 
   if nmiss(monole, wbc, lymle) = 0 or wbc = 0 then nmcyt=1; 
 * 3 - filter only non-missing records; 
 if nmcyt=1; 
 drop QPPB; run; 

continued... 

SAS Tip: Fuzzy Join to Derive Ncart 



* 4 proc sql with overlap of lbdy and lbdymin and lbdymax; 
* 5 join within +/- 3 days if lbdy <= 35 and +/- 10 days if lbdy > 35; 
* 6 select only the closest to original date; 
 
proc sql; 
   create table lb_newa2 as 
   select a.*, c.monole_i, c.wbc_i, c.lymle_i, c.lbdymin, c.lbdymax, abs(c.lbdy - 
a.lbdy) as lbdydif 
 
   from lb_new as a left join lb_newa1 as c 
 
   on (a.usubjid = c.usubjid and a.aperiod = c.aperiod) and 
      ( (c.lbdymin <= a.lbdy <= c.lbdymax) )  
   group by a.usubjid, a.aperiod, a.lbdt, a.lbdy having calculated lbdydif = 
min(calculated lbdydif); 
 
quit; 

continued... 

SAS Tip: Fuzzy Join to Derive Ncart 



* 7 Average if same distance from original date; 
 
proc sql; 
   create table lb_newa3 as 
   select usubjid, aperiod, lbdt, lbdy, mean(monole_i) as monole_i2, 
mean(wbc_i) as wbc_i2, mean(lymle_i) aslymle_i2, min(qppb) as qppb1 
   from lb_newa2 group by usubjid, aperiod, lbdt, lbdy; 
quit; 
  
* 8 Check for duplicate same distance from target; 
 
proc sort data = 
lb_newa3 nodupkey out=lb_newa3_nodup dupout=lb_newa2_dups; 
by usubjid aperiod lbdt lbdy; 
run; 

continued... 

SAS Tip: Fuzzy Join to Derive Ncart 



proc sort data=lb_newa3; 
  by usubjid aperiod lbdt lbdy; 
run; 
  
data lb_newb; 
  merge lb_new lb_newa3; 
  by usubjid aperiod lbdt lbdy; 
  
  * Replace missing values with fuzzy join values based on windows; 
  if lymle = . then lymle=lymle_i2; 
  if monole = . then monole=monole_i2; 
  if wbc = . then wbc=wbc_i2; 
  
  drop lymle_i monole_i wbc_i lymle_p1 lymle_n1 monole_p1 monole_n1 
wbc_p1 wbc_n1 lbdy_p1 lbdy_n1 impute; 
run; 

SAS Tip: Fuzzy Join to Derive Ncart 



Build on the Four Pillars of  
SAS Programming Techniques 

Better 
Utilize 

Metadata 

Master 
ODS/ Proc 
Template 

Utilize Proc 
SQL 

Subqueries 

Create 
Macros to 

Standardize 
the Process 



Better Utilize Metadata 
 SDTM/ADaM Domain Attributes 

 
 Format catalog 

 
 Define.xml 

 
 Source for SAS Programs 
    SDTM/ADaM attributes 
    Lookup Tables for Flags 
    Program Index for Titles/Footnotes and Table Numbers  
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Metadata for DEFINE.XML 
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Metadata: Opportunities for Automation 
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Metadata: Maintaining Formats  
 

 
    One way to maintain permanent formats is to use Control Data Sets with 

     PROC FORMAT.     

1. Use the CNTLOUT option to create an output dataset that has info on all formats, 

2. Use PROC FSEDIT, or VIEWTABLE to add, delete or change information  

3. Use the CNTLIN option to re-create the formats from the modified data set.      

Formats 

Catalog 

proc format library = sas_3.formats 

        CNTLOUT = fmt_data; 

run; 

   FMT_   

  DATA   

proc format library = sas_3.formats 

        CNTLIN = fmt_data; 

run; 

    

   EDITING     

  PROCESS 
 

   FMT_   

  DATA   

Formats 

Catalog 

 

 

 



Master ODS/ Proc Template 

From excel files for data monitoring to  
submission quality summary tables 

Basic ODS syntax to create excel 
files for easy viewing and 
documenting issues by non-
technical and management 

Advanced ODS / Proc 
Template to create 
customized  table layout 
and formatting for team 
to use 
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Count of 

females 

 

 

 

Count of 

males 



proc sql;   create table class2 as 

   select  a.*,                                                    

   b.sexn                                                

   from sashelp.class as a 

   left join                                                       

   (select                                                        

    sex,                                                          

    count(sex) as sexn                                  

    from sashelp.class  where sex > ' ' 

    group by sex 

    ) as b on  

   a.sex=b.sex;                                               

quit; 

 
 

 

 

 

 

1. Select  all master variables 

2. Include the new group descriptive statistics 
variable 

3. Apply LEFT JOIN to keep all master records 

4. Create internal dataset using subquery 

5. Select or create grouping variable 

6. Apply one or more summary functions 

7. Link internal dataset by grouping variable 

Save two steps! 

  
Proc SQL Subquery Linked by Group Variable 

 



  
Create Macros to Standardize the Process 

 
 Defensive Programming, Snapshots 
 Setup, Relative Path Macro Variables, Libnames, Global 

Macros, etc. 
 SDTM, ADaM Variable Derivations  
  DTCTDT to convert XXDTC to XXDT 
  Date Impute  
  Data Cutoff based on metadata and code generator (cutoff 

macro) 
  Log Scan  
 Summary Table Macros (Demog, Disposition, AE, ConMeds, 

Labs, etc.) 



  
A World without SAS Macros (&, %)  

 
What You can Expect Without SAS Macros: 

No order to get common tasks completed 
No control over the time to deliver 
No assurance of the quality of work 
No one in control to correct issues or errors 
No method to diagnose issues or errors 
No method to grow or build on knowledge 
 Loss of client confidence 
 Loss of business 



Give Clinical Study and Technical Training 

On-Board 
Training 

Mentoring 

Fill any 
Technical and 
Soft Skills Gap 

Delegate 
Ownership and 
Responsibilities  



On-Board Training and Mentoring 



Fill any Technical and Soft Skills Gap 

Communication, Documentation 
Details, Summary Tables 
Macro Development, User Guides 
Deliverables, Timelines 
DDT, Table Shells, Updates  
New Team Member Skills Assessment  
 SAS Debugging Skills, ODS Statistical Graphs using 

PROC SGPLOT 
 



Delegate Ownership and Responsibilities  

SDTMs,  
ADaMs, 

Define.xml 

Tables, 
Listings, 
Figures 

Data 
Issues 

Source/QC cross-train to support each other 



Better Management & Higher Quality Deliverables 

Apply Best Practices in 
CDISC and Data Review 

Build on the Four Pillars 
of SAS Programming 

Techniques 

Give Clinical Study and 
Technical Training 

Continuous 
Improvement 



33 

Best of Both Worlds: Better Management 
and Higher Quality Deliverables 

Sunil Gupta 

Associate Director, 
Statistical Programming 

Cytel 


