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ABSTRACT

Special characters are a common requirement for data representation. However, for SAS-generated figures and reports, depending
on the source of the text and the output destination, the implementation of these special characters can vary significantly. The
results of techniques such as superscript/subscript formatting and Unicode insertion differ depending on their application (e.g.
titles, inline text, data values, formats). This paper evaluates the underlying mechanisms employed by SAS to interpret special
characters, identifies common pitfalls, and compiles proven practice for achieving consistent and reliable outputs across reporting

environments.

INTRODUCTION

Scientific reporting necessitates the accurate rendering of special characters across various ODS output destinations. However,
familiar symbol representations such as font-specific glyphs or Unicode code points, may not be automatically interpreted as ODS
inline formatting instructions in SAS. Several factors may result in the improper rendering of such characters, including ODS
escape sequences, session encoding, font availability in the target output format, and SAS’s underlying functionality for processing
control characters. It is therefore necessary that special characters receive careful handling to be accurately and reliably displayed in
SAS-generated reports.

The following paper outlines practical approaches for handling special characters across report elements, including tables, figures,
titles, and footnotes. Techniques are categorized based on the origin of the text, whether characters are inserted directly in SAS code
as inline text, stored in user-defined formats, or embedded within the source data. Understanding how SAS interprets Unicode
characters and ODS escape sequences across these scenarios will enable programmers to produce uniform, publication-ready
outputs while avoiding common rendering and encoding setbacks.

SPECIAL CHARACTERS AND UNICODE

SAS supports various approaches for displaying special characters in ODS output.

SUPERSCRIPTS AND SUBSCRIPTS

A simple alias syntax using “Sup” prefixed with the desired characters can be used for common superscript characters. Similarly,
Sub can be used for subscript characters. As an example, the superscript character 2is displayed with Sup2 while the subscript
character » is displayed with Sub2. This notation is a very convenient alternative to retrieving the corresponding Unicode codes.

UNICODE

Unicode is a universal character encoding standard that identifies every character with a unique numeric value, known as a code
point. Unicode values are independent of the operating system, language, application, or platform, and are therefore a consistent
representation for characters that are unavailable on a standard system, including Greek letters, mathematical operators, scientific
and technical symbols, currency symbols, punctuation and typographic symbols, arrows, and other international characters.

While SAS supports Unicode, successful rendering depends on the following factors:
1. ODS destination (e.g. HTML, RTF, PDF, XLSX)
2. Font used by the destination
3. SAS session encoding

Certain combinations of these factors may not support a particular Unicode code point, which will result in the character being
rendered as a blank space, placeholder, or other unintended symbol.

RENDERING SPECIAL CHARACTERS IN TABLES

The table below is an example containing data provided as inline text, format elements, and data elements. Our goal is to render
special characters in each of these scenarios.



Chemistry Laboratory Results by Maximum Severity, Time Point, and Treatment Group — Serum ¢r=tinine*

Mild/Grade 1 Moderate/Grade 2 Severe/Grade 3
Time Point, Treatment Group n n n
Stagel
Baseline All Subjects(N=6) 3
i Y _
R | Bacteriophage 4x10°PFU (N=2) 1
Day12> L—— All Subjects (N=6) 2
i Y _
r— / Bacteriophage 4x10°PFU (N=2) 1
— 1 Stage 2*
Baseline All Subjects{N=31) 6 \>| Compute with format
Bacteriophage 4x10’PFU {N=8) 1 -
Stage 2*
Baseline All Subjects({N=65) 16 2
Bacteriophage 4x10’PFU (N=8) 1
Notes: The "Max Post Baseline" rowsindicate the maximum severity experienced by each subject at any time point post baseline, including unscheduled assessments.
N=Number of subjects in the Safety Population.
#Post-dose measurements that were outside the normal range but did not meet the definition for an AE due to the value being less than or equal to the measurement at baseline
will be categorized as 'Outside Normal Range'.
© Only data from Stage 1 subjects will be summarized for this visit. Any Stage 2a subjects with Day 12 data will be included onlyin lab listings.

The ODS ESCAPECHAR establishes a mechanism for defining special escape characters, which are utilized by SAS to interpret
formatting instructions embedded into text strings within an ODS output. Programmers can capitalize such escape sequences across
report elements to insert Unicode characters, apply text formatting, generate superscripts and subscripts, control line breaks and
perform other inline formatting operations that are not possible with plain text alone. It is possible to apply escape characters to
render special characters across supported ODS output destinations, including RTF, PDF, and HTML.

If an escape character is not explicitly defined by the user, SAS will default to *ESC* in SAS 9 and ‘03x” in SAS 8.2. Because entering
these defaults requires multiple keystrokes, most programmers prefer to define a single-character escape sequence (" and ~ are very
popular) for efficiency, code readability, and simplification of inline formatting.

Syntax Used

title "Chemistry Laboratory Results by Maximum Severity, Time Point, and Treatment Group - Serum
~{super creatinine *}";

proc format;
value visit
1="Baseline’
2="'Day 12" {super b}';

runy

Dataset Used

AVISIT ARMANME
Baseline All Subjects (N=6)
Baseline Bacteriophage 4x10”{unicode '1D43'x}PFU (N=2)

Day 12" {super b} All Subjects (N=6)

Day 12" {super b} Bacteriophage 4x10”{unicode '1lD43'x}PFU (N=2)

compute after page /style={just=left};
line "Notes: The "{unicode '201F'x}Max Post Baseline”{unicode '201D'x} rows indicate the
maximum severity experienced by each subject at any time point post baseline, including
unscheduled assessments.";
line "N=Number of subjects in the Safety Population.";
line ""{unicode '1D43'x} Post-dose measurements that were outside the normal range but
measurement at baseline will be categorized as 'Outside Normal Range'.";
line ""“{unicode '1lD47'x} Only data from Stage 1 subjects will be summarized for this
visit. Any Stage 2a subjects with Day 12 data will be included only in lab listings.";
endcomp;



The same ODS ESCAPECHAR setting rendered consistently across all evaluated data sources. This confirms that the ODS escape
sequence approach can be applied across source types for Table rendering.

RENDERING SPECIAL CHARACTERS IN FIGURES

The target figure below illustrates the expected rendering of special characters across figure elements, including titles, footnotes,
inline text, data sources, formats, axis titles, axis values, panel headers, legend titles, and legend items.

Chemistry Laboratory Results by Maximum Severity, Time Point, and Treatment Group - Serum creatinine *
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Notes: The “Max Post Baseline” rows indicate the maximum severity experienced by each subject.
N=Number of subjects in the Safety Population.
*Only data from Stage 1 subjects will be summarized for this visit.

These methods used for table outputs, such as ODS ESCAPECHAR with superscript formatting or the default escape sequence
*ESC*, were displayed correctly when applied to the titles and footnotes outside the graphics output area of the figure. However,
these methods do not work when applied to elements within the graphics output area of the figure. This indicates that different
approaches are required for rendering special characters in graphical output (ODS Graphics).

For rendering titles and footnotes within the graphics output area, applying Unicode values with ODS ESCAPECHAR is successful.
For all the other output elements, the effective solution is a combination of the default escape sequence *ESC* and PROC FORMAT.
When special characters are stored within the dataset, the corresponding escape sequences are assigned to the values, and a user-
defined format is applied to decode and display the characters correctly in the output. This approach allows SAS to interpret the
formatting instructions at the time of rendering and provides consistent results for data-driven graphical elements.

Final Code to Achieve the Target Graph

data fig2; /*Change the ARMNAME to coded variable ARMCD*/
set fig(drop=armname) ;
if armname="Bacteriophage 4x10 (*ESC*) {unicode '2077'x} PFU" then armcd="B4X107";
if armname="Bacteriophage 4x10 (*ESC*) {unicode '2078'x} PFU" then armcd="B4X108";
if armname="Bacteriophage 4x10 (*ESC*) {unicode '2079'x} PFU" then armcd="B4X109";

run;



/*Define formats VISIT, SEV, ARM*/
proc format;

value visit

1="Baseline"

2="Day 2 (*ESC*) {unicode '1D47'x}"

3="Day 5"
4="Day 8"
5="Day 30"

99="Max Severity Post Baseline";
value sev
1="Mild"'
2="'Moderate'
="Severe (*ESC*) {unicode '1D47'x}";
value $arm
"B4X107"="Bacteriophage 4x10 (*ESC*) {unicode '2077'x} PFU"
"B4X108"="Bacteriophage 4x10 (*ESC*) {unicode '2078'x} PFU"
"B4X109"="Bacteriophage 4x10 (*ESC*) {unicode '2079'x} PFU";

run;

/*Setup SGANNO=anno dataset for inset statement within PROC SGPLOT*/
data anno;
function="'text'; label="Mild=15(*ESC*) {unicode '1D47'x}";
x1=34; y1=84; xpace='datavalue'; yspace='datavalue';
function="text'; label="Moderate";
x1=34; y1=84; xpace='datavalue'; yspace='datavalue';
function="text'; label="Severe";
x1=34; y1=84; xpace='datavalue'; yspace='datavalue';

run;

/*Output figure*/

ods escapechar=""";

ods word file = "&dir.\Figure.docx" style=CWORD;

Title "Chemistry Laboratory Results by Maximum Severity, Time Point, and Treatment Group - Serum

creatinine “{unicode '002A'x}";

proc sgpanel data=fig2 noautolegend sganno=anno;
panelby armcd/ novarname rows=1 columns=3;
styleattrs datacontrastcolors=(black) datacolors=(yellow orange red);
hbar avisitn/ response=tot group=sevn groupdisplay=cluster fillpattern;
colaxis label="Number of Events”{unicode '02E3'x}" DISCRETEORDER=DATA ;
rowaxis label="Time Point”{unicode '02B8'x}" fitpolicy=split offsetmin=0.2;
footnotel j=1 "Notes: The “{unicode '201F'x}Max Post Baseline”{unicode '201D'x}
rows indicate the maximum severity experienced by each subject.";

footnote2 j=1 "N=Number of subjects in the Safety Population.";



footnote3 j=1 ""{unicode

format avisitn visit.

run;

this visit.";

ods word close;

WHERE TO FIND UNICODE CODES

armcd S$arm.;

'1D47'x}0nly data from Stage 1 subjects will be summarized for

One of the most trustworthy references for Unicode code points is the Unicode Consortium's Character Code Charts
(https:/ /www.unicode.org/charts/). This website helpfully categorizes characters by language scripts and symbol categories.

However, locating a specific symbol can still be time consuming given the multitude of characters distributed across numerous

charts.

Fortunately, clinical reporting typically utilizes only a small set of recurring symbols. Appendices I and II at the end of this paper
present the most used special characters with their respective Unicode code points. Though all the Unicode characters rendered
correctly in the DOCX output, the majority of these failed in PDF output. The distinction between DOCX and PDF is necessitated by
differences in font support between these two platforms. Although the Unicode codes are valid, ODS PDF and ODS RTF are only
able to support characters that are available in the specified font. ODS RTF relies on Microsoft Word fonts, which provide broader
Unicode coverage. Utilizing the correct combination of ODS destination, selected font, and SAS session encoding is required for a
given output format. Appendix III provides fonts and their support to Unicode codes.

ENCODING IN SAS

Below are the most used SAS encoding sessions, their descriptions, and usage.

Encoding Description Typical Usage
UTF-8 Unicode Transformation Format (8-bit) | Multilingual data and full Unicode support
WLATIN1 Windows Latin-1 (Windows-1252) Most common on Windows; supports Western European languages
LATIN1 ISO 8859-1 Latin-1 Western European languages
ASCIIANY Generic ASCII Limited English character set

WLATINTI is still common amongst legacy clinical programming environments, although it has limited support for Unicode

characters.

UTEF-8 supports the complete Unicode characters set and is the preferred encoding for modern SAS applications given its suitability

for multilingual and scientific reporting.

CONCLUSION

Rendering special characters in SAS is dependent on not only the character itself, but the source of the text, the reporting element,

the ODS destination, the selected font, and the SAS session encoding. A combination of approaches is thus required to satisfy the

multitude of scenarios experienced in reporting.

For tables, ODS ESCAPECHAR is the most consistent solution for rendering characters for inline texts, format elements, and data

elements. For ODS graphics, however, techniques vary depending on the graphical element. Unicode with ODS ESCAPECHAR is
effective for titles and labels, the default escape sequences (*ESC*) used in combination with PROC FORMAT is most effective for
panel headers, axis values, and legend values.

Understanding which techniques are most applicable to the above scenarios will empower SAS programmers to produce consistent,

publication-quality tables and figures across ODS output destinations.



https://www.unicode.org/charts/

Appendix I: Unicode codes for Super and Subscripts of Digits and Alphabets

VALUE SUPER | SUPERSCRIPT SUB SUBSCRIPT
0 2070 ° 2080 0
1 00B9 ! 2081 1
2 00B2 2 2082 2
3 00B3 3 2083 3
4 2074 4 2084 4
5 2075 s 2085 5
6 2076 6 2086 6
7 2077 7 2087 7
8 2078 8 2088 8
9 2079 2 2089 9
a 1D43 a 2090 a
b 1D47 b
c 1D9C c
d 1D48 d
e 1D49 e 2091 c
f 1IDAO f
g 1D4D e
h 02B0 h 2095 h
i 2071 i 1D62 i
j 02B2 j 2C7C j
k 1D4F k 2096 K
1 02El ! 2097 1
m 1D50 m 2098 m
n 207F n 2099 n
o 1D52 ° 2092 o
p 1D56 P 209A P
q
r 02B3 r 1D63 r
S 02E2 s 209B s
t 1D57 ¢ 209C !
u 1D58 u 1D64 u
v 1D5B v 1D65 v
w 02B7 w
X 02E3 X 2093 X
y 02B8 y
z 1DBB z

1D2C A
B ID2E B




C ATF2
D 1D30
E 1D31
F AT7F3
G 1D33
H 1D34
I 1D35
J 1D36
K 1D37
L 1D38
M 1D39
N ID3A
(0] 1D3C
P ID3E
Q ATF4
R ID3F
S
T 1D40
U 1D41
v 2C7D
W 1D42
X
Y
V4
+ 207A 208A +
- 207B 208B -
= 207C 208C -
( 207D 208D (
) 207E 208E )
alpha 1D45
beta ID5D 1D66 B
gama 1DSE 1D67 ¥
Appendix II: Unicode Codes for Some Special Characters
SPECIAL CHARACTER UNICODE OUTPUT CHARACTER
Left double quotation mark 201F «
Right double quotation mark 201D ”
Left single quotation mark 201B ‘
Right single quotation mark 2019 ’




Greater than or equal to 2265 =
Less than or equal to 2264 <
Asterisk 002A *
Mu 00B5 i
Plus or Minus 00B1

Degree 00BO °
Registered trademark 00AE ®
Smile face 1F600 <
Alpha 03B1 a
Beta 03B2 B

Appendix I1I: Fonts and Unicode Support

Font name (SAS font face=)

Unicode Support

Notes

Arial Unicode MS Excellent Windows only; covers thousands of Unicode glyphs

Segoe Ul Symbol Very good Covers emoji, math, arrows etc.

Times New Roman Moderate Works for Latin, Greek, limited symbols

Courier New Moderate Similar coverage as Times New Roman

Cambria Math Excellent for math Good for equations, Greek, symbols

Symbol Limited Greek/math Classical Greek letters

Wingdings / Webdings Pictographic only Not Unicode-compliant but still works in PDF
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