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ABSTRACT: 
During the analysis of clinical trial data in the industry, batches of data QC comparison results 
are faced every day to ensure accuracy and quality of a huge number of 
Datasets/Tables/Listings/Figures. In the past, the results of the comparison were manually 
checked one by one which is time-consuming. To improve efficacy and accuracy of checking 
comparison results, most companies produce SAS® data set of the comparation results with 
the SAS® program, and save those comparation results into sas7bdata, Rich Text Format 
(RTF) or portable document format (PDF) file. Nevertheless, results of sas7bdat format are 
unable to be directly inspected, and the SAS® program is helpless to results of the DOC and 
PDF Output checking. Therefore, the third-party procedures and tools have been developed 
gradually by the technicians and users of major companies to address the shortcomings SAS® 
program. These procedures also contain shortage itself, inability of reading PDF format and 
low incompatibility of program development environment for checking QC validation results. 
This python program was developed for not only automatically checking and listing QC 
validation results as well as program and output modification date into the excel sheet, but 
also for a better compatibility of program development environment and effectively supportive 
for both RTF and PDF file reading. 
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INTRODUCTION: 
SAS® macro can automatically input the modification dates and read RTF files into SAS® 
datasets for further checking and archiving purpose. But it is a real challenge to converted RTF 
files into SAS® datasets, due to there are no RTF control word to identify the page, the title, 
the table header. To keep the body of the table, SAS® program need to be further modified to 
remove page numbers, remove subgroups, remove the title, the table header and the footnotes. 
Which cause the low effeteness of checking bunches of validation results. then try to split each 
row into different columns (1).  
Furthermore, the SAS® program is helpless to results of the DOC and PDF Output checking 
(2). Therefore, the third -party procedures and tools have gradually been developed by the 
technicians and users of major companies to address the shortcomings SAS® program. One 
of these procedures and tools is VBA embedded in Excel (3). But extracting data by VBA from 
PDF file are highly reply on the Acrobat.exe application through which the PDF file could be 
opened (4). Moreover, only the paid version of Adobe Acrobat has more advanced features 
that allow users to create, edit, export, and sign PDF files (5) and Adobe Acrobat also require 
the compatible VBA version. (The Adobe Acrobat 10.0 Type Library can be used with VBA to 
programmatically work with Adobe Acrobat) (6, 7). Based on above shortage, now data 
retrieval by VBA is limitedly applied to only certain format of documents, for an example RTF 
files. 
 



And with the usage of various program development environment which show weak 
compatibility of VBA, the use of Python in clinical trial data analysis will become an inevitable 
trend nowadays. Because Python show advantages in certain aspects, it is fairly convenient 
to handle the RTF and PDF files in Python, which is tedious to deal with in SAS. Advantages 
of Python include its independence on embedment in specific software programs, it is open-
source nature, it own generation of various development packages, and Python program can 
also be executed using system commands. 
 
This article developed a python program (.py file) by using PyPDF2, openpyxl, sas7bdat 
package to quickly read PDF, RTF, excel, sas7bdat files. Compare results could be extract 
directly from PDF, RTF files, both validation results and date of modification could be 
summarized into data frame. Eventually summarize results could be export into a new sheet 
of original excel file. Moreover, py file could be run by multiple interfaces: batch run in various 
program development environment (SAS® Enterprise Guide V8.3). Moreover, openpyxl 
package could read .xlsm file with VBA macro imbedded, so the original VBA macro will not 
be destroyed. By contrast VBS and SAS® edited by SAS® are difficult to retain the original 
VBA macro.   
 
 
REQUIREMENTS: 
 
Software: Python 3.8 
One excel file which contains program and qc file information.  
 

package version usage 
pandas 1.5.2 It provides an efficient multi-dimensional container of generic data, 

which were extracted from either PDF,RTF or sas7dbdat file in this 
study 

PyPDF2 2.12.1 The python PDF library capable of splitting, merging, cropping, and t
ransforming the pages of PDF files 

JupyterLab 3.1.18 The web-based user interface for Project Jupyter 

Openpyxl 3.0.10 It is used to perform excel tasks such as read data from excel file, or 
write data to the excel file etc.  

sas7bdat  2.2.3 The Python module of reading sas7bdat files 

 
 
DEFINE “QC_DATE” FUNCTION: 
qc_date(file_type   = , 

 studypath  = ,  
path_excel = ,  
excel_sheet =,  
dataset = , 
lead_date = ,  
qc_pgm = ,  
qc_output_date = ,  
qc_status = ): 

 
file_type: “DATA”, “OUTPUT” option could be entered. This represents for triplets of 
SDTM/ADAM data set, or triplets of OUTPUT respectively.  
 
studypath: This represents the path of the study triplets.   
 
path_excel: This represents the path and the name of the excel file(xlsx,.xlsm), which contains 
program and qc file name. For an example: 'QC_tracking.xlsm', '_ref_csr.xlsx' 



 
excel_sheet: This represents the sheet name of the excel file. For an example: 'Tracking DS', 
'__ref' 
 
dataset: This represents the column name containing all Lead programs name in the certain 
sheet of excel file. For an example: “Program Name” 
 
lead_date: This represents the lead program modification date which this qc_date function will 
return.  lead_date is in datetime format of ‘yyyy-mm-dd hh:mm:ss’. For an example: “2023-
04-19 03:42:08” 
 
qc_pgm: This represents the column name containing all QC programs name in the certain 
sheet of excel file. For an example: “QC program Name” 
 
qc_output_date: This represents the QC output (rtf/pdf format) modification date which this 
qc_date function will return. qc_output_date is in datetime format of ‘yyyy-mm-dd hh:mm:ss’. 
For an example: “2023-04-19 04:42:08” 
 
qc_status: This represents the final QC output (rtf/pdf format) status which this qc_date 
function will return. qc_status contains “Pass QC”, "not pass" options 
 
 
READ EXCEL FILE：TRANSFORMED EXCEL FILE INTO DATA FRAME FORMAT 

By using panda package, information of excel sheet was transformed into data frame format 
for the further data manipulation. The missing value from the loaded data will be filled with an 
empty string value “” by using function (data.fillna(value="",inplace=True )). The subsequent 
iteration program will reset the name of each column to avoid any missing lead rows in this 
excel sheet. 
 
 
################loading excel file and name column with dataset ################# 
path1=os.path.expanduser('~') 
excl = load_workbook(path1+studypath+path_excel, read_only=False,keep_vba=True ) 
data = pd.DataFrame(excl[excel_sheet].values) 
data.fillna(value="",inplace=True ) 
 #reset column name 
 for indexs in data.index: 
   df_row=data.iloc[[indexs]] 
   if  dataset in df_row.values: 
   df =data.set_axis(data.iloc[indexs], axis='columns', copy=False) 

 
 

GET MODIFICATION DATETIME ：LEAD SAS7BDAT DATASET AND RTF/PDF FILE OF 

QC OUTPUT RESULTS 
 
For qc output result. qc_pgm_rtf stands for file name and path of QC output results, which will 

be determined by file_type (param 1 in qc_data funtion). If file_type is 'DATA', then qc_pgm_rtf 

will be ‘qc_pgm’.rtf (Column 2 in excel, param 7 in qc_data funtion), If file_type is 'OUTPUT', 

then qc_pgm_rtf will be "qc_"+ ‘qc_pgm’.rtf (Column 2 , param 7 ).  QC output results 

modification datetime will be produced by qc_date() function and return it to corresponding 

column (Column 4 , param 8 ) 

 

Refers to lead program. row[dataset] (Column 1 , param 5 ) represent sas7bdat dataset lead 

program produced. If file_type is 'DATA' then row[dataset] represent either SDTM or ADAM 



data set, which will be determined by row[dataset] start with "ad" or not. The modification 
datetime of lead sas7bdat dataset will be produced by qc_date() function and return it to 

corresponding column (Column 3 , param 6 ) 

 
 
Use os.path.exists() to determine certain file exist or not, so that either PDF or RTF file could 
be determine by python code itself.  

#####################checking lead program modified date####################### 
df[lead_date]='' 

df[qc_status]='' 

df[qc_output_date]='' 

     

if file_type == 'DATA': 

   df[qc_pgm+'_rtf']=path1+studypath+"QC/OUTPUT/"+df[qc_pgm].str.replace('.sas', '' ,regex=True).str.lower()+'.rtf'     

   df[qc_pgm+'_PDF']=path1+studypath+"QC/OUTPUT/"+df[qc_pgm].str.replace('.sas', '' ,regex=True).str.lower()+'.pdf'  

 

elif file_type == 'OUTPUT': 

   df[qc_pgm+'_rtf']=path1+studypath+"QC/OUTPUT/"+"qc_"+df[qc_pgm].str.replace('.sas', '' ,regex=True).str.lower()+'.rtf'      

   df[qc_pgm+'_PDF']=path1+studypath+"QC/OUTPUT/"+"qc_"+df[qc_pgm].str.replace('.sas', '' ,regex=True).str.lower()+'.pdf'  
 

for index, row in df.iterrows():  

if file_type == 'DATA': 

    #for SDTM dataset 

      if row[dataset] not in ("", None) and row[dataset].lower().startswith("ad")==0: 

         row[lead_date]=path1+studypath+"SDTM/DATA/"+row[dataset].lower().strip()+'.sas7bdat' 

                 

      #for ADAM dataset 

      elif row[dataset] not in ("", None) and row[dataset].lower().startswith("ad"):    

         row[lead_date]=path1+studypath+"ADS/DATA/"+row[dataset].lower().strip()+'.sas7bdat' 

 

elif file_type == 'OUTPUT': 

      if row[dataset] not in ("", None) : 

         row[lead_date]=path1+studypath+"REPORT/PGM/"+row[dataset].lower().strip()+'.sas' 

 
#for lead program date of modification   

try: 

     if row[dataset] == dataset: 

        df.at[index,lead_date]=lead_date 

     elif row[dataset] == "": 

        df.at[index,lead_date]="" 

     elif os.path.exists(row[lead_date])!=0:        

df.at[index,lead_date]=time.strftime('%Y-%m-%d %H:%M:%S',time.localtime(os.path.getmtime(row[lead_date]))) 

     elif os.path.exists(row[lead_date])==0: 

        df.at[index,lead_date]="" 

except: 

        df.at[index,lead_date]="#NA#" 

 

#for qc results date of modification 

 

   try: 

     if row[dataset] == dataset: 

          df.at[index,qc_output_date]=qc_output_date 

      elif row[dataset] == "": 

          df.at[index,qc_output_date]="" 

      elif os.path.exists(row[qc_pgm+'_rtf'])!=0:           

df.at[index,qc_output_date]=time.strftime('%Y-%m-%d %H:%M:%S', time.localtime(os.path.getmtime(row[qc_pgm+'_rtf'])))  

      elif os.path.exists(row[qc_pgm+'_rtf'])==0 and os.path.exists(row[qc_pgm+'_PDF'])!=0: 
df.at[index,qc_output_date]=time.strftime('%Y-%m-%d %H:%M:%S',time.localtime(os.path.getmtime(row[qc_pgm+'_rtf']))) 

  

  except: 



      df.at[index,qc_output_date]="#NA#" 

 
For file_type= 'DATA': 

 
 

 
 
For file_type= 'OUTPUT': 

 
 

 
 
 

PRODUCED QC OUTPUT RESULTS：EXTRACT TEXT FROM RTF/PDF AND COMPARE 

THEM WITH KEY WORDS 
 
QC outputs results will be read by open (file, mode='r'). Each line will be extracted from RTF 
file or Each line per page will be extracted by PDFReader for PDF. Then extracted text from 
QC outputs will be compared with key wards. we specify the four words "Conflicting Types", in 
Common: 0","but not in", “Unequal” sensitive. If any of these words are detected in a result file, 
the verification result is “Not pass”, otherwise, “Pass”. 
 

 

##########################checking output results########################## 
#Define the key words for determine qc comparation results 
regx ="intb" 
strg1="Conflicting Types" 
strg2="in Common: 0" 
strg3="but not in" 
strg4="Unequal:" 

 
try:  
   if row[dataset] == dataset  : 
      df.at[index,qc_status] =qc_status 

elif row[dataset]  == ""  : 



      df.at[index,qc_status]="" 
   elif row[dataset] != "" and os.path.exists(row[qc_pgm+'_rtf'])==0 and os.path.exists(row[qc_pgm+'_PDF']) ==0:  
      df.at[index,qc_status] ="" 
 

#for RTF file  
elif os.path.exists(row[qc_pgm+'_rtf'])!=0 :  

      file1 = open(row[qc_pgm+'_rtf'], mode='r' )           
      for line in file1: 
        df.at[index,qc_status]="Pass QC" 
           if search(strg1, line.strip()): 
               df.at[index,qc_status]="not pass " 
               break 
           elif search(strg2, line.strip()): 
               df.at[index,qc_status]="not pass" 
               break 
           elif search(strg3, line.strip()): 
               df.at[index,qc_status]="not pass" 
               break 
           elif search(strg4, line.strip()):     
               match=(re.search(strg4,line.strip())).end() 
               if line[match+1] != '0': 
                  df.at[index,qc_status]="not pass" 
                  break  
                 
#for PDF file            
    elif os.path.exists(row[qc_pgm+'_rtf'])==0 and os.path.exists(row[qc_pgm+'_PDF']) !=0: 
      PDFFileObj = open(row[qc_pgm+'_PDF'],'rb') 
      PDFReader = PyPDF2.pdfFileReader(PDFFileObj) 
      pages = PDFReader.numPages 
   
      for i in range(pages): 
        pageObj = PDFReader.getPage(i) 
        text = pageObj.extractText().split("\n") 
        for line in text: 
           df.at[index,qc_status]="Pass QC" 
           if search(strg1, line.strip()): 
              df.at[index,qc_status]="not pass " 
              break 
           elif search(strg2, line.strip()): 
              df.at[index,qc_status]="not pass" 
              break 
           elif search(strg3, line.strip()): 
              df.at[index,qc_status]="not pass" 
              break 
           elif search(strg4, line.strip()):     
              match=(re.search(strg4,line.strip())).end() 
              if line[match+1] != '0': 
                 df.at[index,qc_status]="not pass" 
                 break        
              if df.at[index,qc_status] !="Pass QC": 
                 break       
       PDFFileObj.close() 
  
   except:  
       df.at[index,qc_status]="#NA" 
df.drop([qc_pgm+'_rtf',qc_pgm+'_PDF' ],inplace=True,axis=1) 

 
COPY ORIGINAL AND NEW SHEET INTO NEW EXCEL XXX_QC_STATUS 
 
 

################copy original and new sheet into new excel xxx_QC_STATUS#########  



src = path1+studypath+path_excel 
dest = path1+studypath+path_excel.split('.')[0]+'_QC_STATUS.'+path_excel.split('.')[-1] 
path = shutil.copyfile(src,dest) 

# for .xlsm file, keep VBA 
if ".xlsm" in path_excel: 

with pd.ExcelWriter(dest, engine="openpyxl",mode="a",if_sheet_exists="replace", , engine_kwargs={"keep_vba": True}) as write
: 
       df.to_excel(writer,qc_status, startrow=0, startcol=0, index=False,header= False) 
       wb = openpyxl.load_workbook(dest,read_only=False,keep_vba=True) 
 

# for excel file not is .xlsm , do not keep VBA 
else:   
  with pd.ExcelWriter(dest, engine="openpyxl",mode="a",if_sheet_exists="replace") as writer: 
       df.to_excel(writer,qc_status, startrow=0, startcol=0, index=False,header= False)   
       wb = openpyxl.load_workbook(dest,read_only=False) 
 
sheet=wb[excel_sheet] 
sheet2=wb[qc_status] 
 
#for final value qc_status column equals to 'not pass' then highlight with red 
for cell in row: 
  if cell.value == qc_status: 
    key_column=cell.column 

break                  
for key_column, row in enumerate(sheet2.iter_rows()): 
   for j, cell in enumerate(row): 
      if cell.value in ['not pass']: 
         cell.fill = PatternFill(patternType='solid',start_color=Color(index=10))  
 
wb.save(path1+studypath+path_excel) 
wb.close() 
print('Done.') 

 
BATCH RUN IN LINUX SYSTEM 
Eventually, the following checking files will be produced. _ref_cst.xlsx is the excel file contains 
all output program and qc information. QC_tracking.xlsm is the excel file contains all 
SDTM/ADAM program and qc information. Excel files with suffix ” _QC_STATUS” are new files 
with validation results and modification datetime information inside.  
 

 
 
LOG SHOW: 

 
 
EXCEL FILES WITH SUFFIX” _QC_STATUS”: 



 
 

 
 
 

CONCLUSION 
While a SAS® programmer’s activity is to develop SAS program and delivery clinical trial report, 
using Python could bring facilitation to our validation task and further enable the quality of 
report. A new method of automatic checking QC validation results by a dedicated python 
program was introduced in this article. This tool has glorious features, first it could gather 
information from cross-format files which include RTF, PDF file, sas7bdat data set. Second, it 
is able to create a new excel to keep the modification date of lead and qc file, the QC validation 
result, and remains the original VBA macro. Third, this python code is compatible with the 
various platform, and this code could be modified by abundant python packages to satisfy 
specific requirements of different studies in the future. 
 
This python tool help SAS® programmer deliver high qualified QC validation results efficiently, 
and bring conveniences to programmer daily work. 
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