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ABSTRACT 
More and more countries request for HTA (Health Technology Assessment) dossiers to evaluate the added benefits of drugs 
compared to existing local standards of care in support of market access and price negotiations. While clinical trial results are 
typically reported in English, they need to be translated into local languages for HTA submissions. Manual translation from 
English to another language is not only time consuming but is also prone to errors and lacks traceability. Commonly available 
automated translation solutions are difficult to validate and lack traceability and reproducibility. This highlights the need for a 
more robust solution for table translation. This paper describes a SAS@ based tool to automate table translation from English 
to German. This tool can be extended to support translation to other languages. The translation process described here can 
also be implemented using programming languages other than SAS. 
 

INTRODUCTION 
Requests for HTA dossiers to evaluate added benefits of existing or new drugs are on an increase. A typical HTA dossier may 
include hundreds of tables containing clinical trial results.  Most HTA agencies require the results to be presented in local 
language.  As an example, German HTA dossiers mandate that all tables be prepared in German to support application for 
IQWiG opinion and G-BA decision.  Short turnaround time and the need to produce all analyses in both English and local 
language add significant stress to the project teams working to deliver time-critical submission reports. In the absence of an 
automated solution, tables are translated manually by taking a copy of English version and replacing English text with 
translated text.  This step is a bottleneck in the Analysis and Reporting (A&R) process and presents risk of incorrect copying 
of numbers, inaccurate and inconsistent translation of tables across multiple projects, significant use of company resources 
and lack of traceability and reproducibility. There is hence clearly a business need to automate table translation. 
 
Most commonly available and used automated solutions amongst others are: Google Translate, Bing Translator, SYSTRAN 
and Moses (Wikipedia: Comparison of machine translation applications). These automated solutions, apart from challenges 
with respect to confidentiality of results and reproducibility, also lack control on exact terminology by the end user. Typically, 
as the HTA dossier develops, consistency and precise choice of terminology gets critical. Therefore, it is important that the 
translated results ensure this consistency and precise choice of terminology. This level of control is not addressed by the 
current readily-available software packages. 
 
A robust automated translation program to prepare report-ready output tables with standardized layout will not only reduce 
time required to address critical HTA requests but also eliminate manual copying of numbers thereby minimizing translation 
errors, reducing use of resources and improving data traceability. Although standardizing layout for output tables takes time 
and effort, in the long run it helps to provide reproducible outputs and enables development of a limited number of common 
translation dictionaries which can be shared across multiple projects.  
 
This paper provides a high-level introduction to our translation process and detailed description of each component using 
sample fake data. Maintenance and updates to the dictionary files are also explained. Finally, we discuss the key features of 
the automated translation process and conclude the paper with recommendations and areas for further improvements.  
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TRANSLATION COLLABORATION 
Automated table translation is a joint effort requiring collaboration across different functional areas.   
 
 
 
 
 
 
 

Figure 1 End to end table creation process flow 
 
The end to end table translation process includes 3 main steps. The first step is the creation of English tables by the 
biostatisticians and the statistical programming team.  Based on the English outputs, an English to German dictionary is built 
incrementally. Instead of manually translating each English table, in this automated process, the German dossier authors 
focus on how to maintain/enhance the dictionary to ensure consistency and reproducibility.  The dictionary is then used by the 
programming team to recreate the same tables, this time in German.  In this collaboration, each stakeholder makes use of 
their strength and expertise: the biostatistics and programming team on analysis and reporting, and the dossier authors on 
the local language, regulatory requirements and submission histories.  
 
 
 
 

 

 

 

 

 

 

 

 
 
 

 
 
 

 
 
 

Figure 2 RTF table creation and translation process flow 
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The flow chart in Figure 2 illustrates the different components in Rich Text Format (RTF) table (Wikipedia - Rich Text Format) 
creation and translation.  The core of the translation toolkit consists of two modules: Translate and Tabulate.  The left side of 
the diagram with bold arrow lines describes how the English outputs are generated and the right side describes how these 
outputs are translated. Both English and translated RTF outputs are produced in a similar way through the same tabulation 
tool.  The input to the “Tabulate” module includes the analysis results as well as the corresponding RTF components 
containing the information for the headers, titles, footers, and the text section of the table.  When the tables are required in 
local language, the English RTF components are parsed through the “Translate” module to be translated using the dictionary 
files. The translated RTF components are then used instead of the English version for the “Tabulate” module to produce the 
translated RTF output.  The toolkit also allows country/language specific RTF formatting to be added when needed. 
 
The section below provides more detail on each component used in RTF table creation and translation process. 

DESCRIPTION OF VARIOUS COMPONENTS OF THE TRANSLATION PROCESS 
 

 
1. “Tabulate” Module 

%RTFTable macro (Eric Qi and Liping Zhang 2003) is used and described in this paper.  However different 
tabulation solutions are possible in this framework.    %RTFTable macro is a powerful SAS® tool to convert SAS® 
data sets into highly customized tables in RTF format. The macro provides flexibility to control the appearance of 
different components in the output table: title and footnotes, header, table body and its columns.  As an example, 
users can easily specify the titles, and the footnotes to be used, the number of header rows, header content and 
formatting, the table column width and alignment.   Special RTF symbols can also be incorporated anywhere in the 
output tables.  
 
 

2. RTF output table 
Figure 3 shows a sample RTF table in English which will be used as an example to discuss the various steps 
involved in the table translation process. This table displays fake data.  
 

 
 

Figure 3 RTF output table example 
 
 

3. RTF components 
Each standardized RTF table consists of four components as highlighted in Figure 4: (1) title and footnotes (2) 
header (3) first column and (4) body of the table.  The contents and display of each component can be defined and 
provided as inputs for tabulation.  These components are stored as SAS datasets to be translated.     
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Figure 4 RTF Components in a standard table  
 

Figure 5 is a header component dataset corresponding to the sample English table.  This table contains 2 headers.  
Header 1 consists of 4 columns, separated by vertical bars.  Column 2, 3, and 4 are merged cell of several columns 
which is annotated with ^.  Header 2 information is split into 3 observations each with a text length of 200 characters.  
RTF tags are included to define the text line wrap (\line) and font format (\b). 

 

 
 

Figure 5 RTF header component dataset (English) 
 

 
4. Translation Dictionary  

The translation dictionary files contain both English text and their translation in local language. Figure 6 is a partial 
header dictionary with English and its German translations for the example table in Figure 4.  The dictionary file is 
built incrementally over time and is shared across studies.  This ensures consistency and reproducibility of 
translation within and across projects.  The RTF text formatting and text contents are separated as much as possible 
during the creation of the dictionary to minimize re-translating the same English text due to different RTF formats.  In 
this example, table header “Patients with Event” is formatted with soft carriage return symbol \line.  A different table 
with the same header may not need to break the text this way.  The variation of RTF table header in this case will not 
be included in the dictionary as multiple entries.  Only the English text “Patients with Event” is translated. 
 

(3) 
 

(4) 

(1) 

(1)  

 

(2) 
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Figure 6 German RTF header translation dictionary 
 

5. Translated RTF Components 
Using the dictionary files, RTF component datasets in English can be translated into local language of interest. The 
dataset in Figure 7 is the German version of the English header component dataset in Figure 5.  

 
 

Figure 7 RTF header component dataset (German) 
 

6. Country Specific Formatting Requirements 
RTF table translation not only translates text from one language to another, but also accommodates the country-
specific formatting requirements.  For example, in certain countries a comma (,) is used as a decimal separator 
instead of a dot (.), e.g. a value of 2.3 in the English table is expected to be printed as 2,3 in the German table. 
Figure 8 illustrates types of decimal separators used in different countries across the world.  

 
 

Figure 8 Decimal separators used around the world (Wikipedia: Decimal separator) 
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7. Translated RTF Output Table 

The translated German output table corresponding to the sample English table is displayed in Figure 9.  This table is 
mostly translated into German with some untranslated text (highlighted in red) and the country-specific decimal 
separator is also updated in this output table.  

 
 

Figure 9 Partially translated RTF output table in German 
 

MAINTENANCE AND UPDATES TO THE TRANSLATION DICTIONARY  
 
The development of the translation dictionary is an iterative process.  The first iteration of the table translation process starts 
from an existing dictionary. This step, in addition to translating text from English to German, also generates a report which 
captures untranslated text i.e. English text without corresponding German text.  This report is reviewed by the dossier authors 
who add new translations to the dictionary files and another iteration of the translation process is then performed. This 
process is repeated till all required English texts are translated into German.  
 
For example, in the translated table in Figure 9, some text was left untranslated due to missing translations in the dictionary 
for “Treatment1”, “Treatment2” and “Treatment1 vs. Treatment2” in the table header. Figure 10 shows a partial output of the 
report where rows containing untranslated text are highlighted. 
 

 
 

Figure 10 Translation status report 
 
The untranslated text can be easily identified using MATCH = ‘Not Translated’ condition. Translation for this text is updated to 
the translation dictionary as shown in Figure 11.  
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Figure 11 Updated German RTF header translation dictionary 
 
Once the fallouts are added to the dictionary, the second iteration of the translation process successfully translates the 
sample English table (Figure 12). 

 

 
 

Figure 12 Fully translated RTF output table in German 
 
The final translation step also generates the report (Figure 13) which confirms that no English text is left untranslated in the 
output tables. 

  
 

Figure 13 Updated translation status report 
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KEY FEATURES OF THE AUTOMATED TRANSLATION PROCESS 
 
The motivation behind designing translation programs is to simplify and automate the manual process of output table 
translation, while addressing the key business need for report-ready output tables in local language with country-specific 
formatting. Some of the key features of our translation process are: 
 

1. Ease of use: The translation process relies on the use of dictionary files which can be maintained as simple text 
files, SAS@ datasets or spreadsheets, making them easier to create, maintain and update.   
 

2. Language independent: The translation process is language independent. Using an appropriate dictionary, this 
process can be used to translate outputs to any language of interest. Also, the translation process can be 
implemented using programming languages other than SAS as well. 

 
3. Consistent, reproducible and traceable results: Since the translation dictionary can be shared across multiple 

projects, all translated tables would have identical translations and formatting specifications. This provides 
consistent and reproducible output tables. Adding the versioning system to the dictionary files would provide 
traceability by matching translated output tables to the dictionary files used for their translation 
 

4. Modularity: The functionality to add country-specific formatting is modular in nature and can be customised for 
the country and language required. New formatting attributes can be implemented as add-ons to the existing 
tool to provide country-specific, translated, report-ready and immutable output tables. 

 
5. Integration with the existing A&R processes: The translation process is flexible enough to mould around existing 

A&R processes as the same Tabulate module is used in the creation of both English and translated tables. 

RECOMMENDATIONS AND LIMITATIONS 
 
The success of the translation process just like any other programming initiative comes from its regular usage and feedback 
from end-users. Based on our experience of designing and implementing the translation process we can make a few 
recommendations: (1) Dictionary files should be saved and shared across projects to promote standard and consistent 
translation. (2) Including version-control information to the dictionary files ensures traceability of the translated outputs.  
 
While the translation tool has greatly increased the quality and efficiency, there is room for improvement.  Some of the 
limitations observed are: (1) The current translation tool does not translate the text within the table body (apart from the first 
column).  A table with more sophisticated layout, e.g. multiple sections with different section headers in the body of the table, 
will not be completely translated. (2) The translation dictionary is manually maintained which is prone to errors and requires 
its own validation steps.  More advanced data entry tool can be developed.   
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