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ABSTRACT 

Automaled Clinical Data Ou1put, ACDO, is an Eli Ully and 
Company project 1hal has been dedicatad to developing 
flexible. sophisticallld SAS~ macros which are used to 
create output across all dsease classes. SAS macros are 
developed in a modular desi!JI so that multiple reports may 
use IT1Illl}'!Jf the same_llltXkJII!I!I. T'heJl!Lrrm focus of the 
reports has been demographic, adverse event, and 
laboratory data, but soma of the modules also analyze or 
summarize drug efficacy data. Although the listing 
programs will hanc:le any clinical trial design, including 
crossovers, the summaries are generally applicable only for 
parallel desigls. 

A fundamental and powerful attribllf& of this reporting 
system is flexibility. The SAS macro facility is fully uttiZed. 
All reports contain mUtiple nes1sc1 macros, SAS 
procedures, and functions. Customer-specified parameters 
number from ~ in the simplest report to over 200 in a more 
complex report. All parameters dafault so 1hal the customer 
can submit a quick report with ease, or he can customize 
his report In an increasingly detailed W"f by changing 
parameter values. The categories of parameters include: 
patient population, tine reslriclion, report speeific 
processing, printing. and optional variable specifications. 

The reports' funotlonalllles extend from listings to extremely 
complex summaries 1hal produce multiple cifferent p­
Vafues. Ustings allow the ability to print cifferent variables 
and request dflelent pagng schemes. The summaries vary 
in complaxltr. soma use a simple PROC FREQ while 
others use the mol9 complex PROC GLM. 

The reporting system !Jf8"ntly consists of 35 cifferent 
report drivers. The flexibilty of these 35 c:lriYers, however, 
results in hunclreds of variations of reports There are 
approllimalely 200 ciffarent macros and about sao customer 
parameters in this reporting system. The ultimate goal is 1D 
reduce the tine to deliver generic and ad hoc reports 
needed for Ully personnel, Ully lnvestigaiDrs, and outside 
regulatory agencies. 

IN1RODUC'OON 

Timely reporting of clinical trial data to ragutatory authorities 
is an impor1ant step in 19maining competitive in the 
p~ Industry. Cllncal trial reporting needs are 
diverse, complex and can change at a momenfs notice. 
They dverslly among the data as well as the customers. 
Adverse -nts. clvonie and historical Hlnesses, laboratory. 
clernographic, summay, and efficacy data are the major 
data categories. Data can also be 19ported hom cifferent 
sources. such as 082 and lladitlonal SAS data sets. 
CUstomers include in-house researc:h scientists 
(physicians), stabllcians, clinical 19S8arc:h administrators, 
management, external local and global r~ agencies, 
and external physicians who participale In clinicallrials. 

Ultimately the clinical bial reporting system must effectively 
support these cliverse and complex requirements or else 
risk forfeiting or delaying all of the research and 
development effort that was involved in creating a new drug. 

ACOO was originally conceived back In 1985, when a lew 
of our associates saw the benefits of creating some sort of 

~ 18~ system. ~~~<I systems clevelopment 
,_,. was cr anain 1. ... 1 we started actuiiliY Oxfing 
the system. This development team consisted of four Ully 
analysts (one of whom was project administrator) and in 
January of 1991 1hrae outside contractors were added to 
the team. This paper focuses on a small fraction of the 
entire system. 

Each report, or 'producr, of ACDO consists of the 
following: 
• A 'cover page' which details the value of each 

parameter for a specific execution of a report 
• The actual19port 
• Corresponding system documentation 
• JCL to execute the actuai19P0rt 
• Exception listings 
• Explanation pages (customer focused descriptions of 

options available). 
The oornerstone of ACDO is Quality. Each report was 
written by one person and double validated 11om a systems 
point of view by another analySt and then finally, given to the 
client for final review and validation. Because of UUy's 
commitment to qualey, the ciOCUmen1ation and validation of 
these reports was an enormous task. All reports cloa.lment 
'overall tests' (tests encompassing running all functions of 
the reports simultaneously) as well as 'specific logic 
checks' (tests to validate a specific function within a report). 
Many hours were spent validating and attempting to break 
the SAS code. All to ensure one fad: accurate information 
to our customers! 

ACDO development was greally enhanced by a steering 
committee of associates repreaenting all fUnctional areas 
involved in achieving worldWide regulatory approval for a 
compound. They inclucled: 

research scientists 
statisticians 
clinical research administrators 
regulatory 
medcal writing 
system analysts. 

This m!Aolaoeled team was essential to the success of the 
project Steeling committee members spanned clvergent 
functional disciplines and therapeutic classes. Early 
involvement by our associates began the quality process 
whic:h enveloped the entire project Addtionally, they 
formed a crucial link for information sharing across the large 
Medcal !ililslon within Ell Ully and Company. The 
development team could locus more on creating the 
system, while our associates kept all areas abreast of the 
stetus and features of our project they were our top notch 
sales rej)I9S8ntalives! 
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ACOO adVantages include: 
• ACDO Is very well clocumenllld from bolh customer and 

systams viewpoints. Uterally hundreds of validation tests 
were run on eild1 report and each imividual macro. 

• ACDO allows for quicker analysis. ACDO saves line in 
ou1put dellign, producing output, and from data"''se lock 
to regulatory lllbmlssion. 

• ACDO facilitates design of au1put CUstomers now have 
a starting point far deaigrmg ou1put at line of protocol 
develapment. 

• ACDO improves business partner relationships. Our 
associatas and systems analysts have increased 
understanding of terminology and customer needs. 

• ACDO increases oonslstency across studies and 
procluc:ts, which allows for recb:ed review line and 
~familiarity and underatancling. 

• ACDO's repelltlve use has led to a high degree of 
conlldance and Ul"'de..'StanCi when reviewing the output 
reports by bolh customers and regulatory officials. 

ACDO disadVantages include: 
• The complexity of the parameters results in a steep 

learning curve. This is a con~ far the new customers 
of the systsm. 

• Syatarn ~ts are more line consuming. 
Valiclalon lasts necessary to oompleta a report 
enhancement in- the time to oomp1ete the change. 

• A naturaltsnclency to restrict the output to only that which 
ACDO can handle may oocur. 

• Mlsintarprelation oould pal8ntially occur due to the ability 
of non-stalislicians to obtain reports with p-Values. 

Optional variUie pracn1111g: nlng the paww of SAS -
Optional variable processing allows the customer to specify 
data elements at their will. This funclionality is used in six of 
the 35 reports. One summary report allows the customer ID 
specify lillY 40 optional variables to summarize, and the 
melhod of summarizing them. There is also one listing 
report lhat alows the cuslllmer to specify any 20 optional 
variables to be listed. The optional variable logic Is used 
consistsntly across the different reports. Once a requester 
learns how to specify a type of optional variable, he will 
know how to do lhis in any report that allows optional 
variable prc~cessing: with ACDO, customer knowledge is 
transferable! 

This section wil ~ the use of optional variables in 
summary reporting. This processing uses seven 
parameters to dellne one variable. They are: 

VAR 
ALE 
LABa. 

Defines the 8 character SAS variable. 
Defines the SAS Input data set 
Dellnes the column label to atlach to the 
variable. 

*FORMAT Dellnes the format to print lhe value of 

VISIT 
TYPE 
*RANGE 

the Input variable. 
Defines the specific point in time to report. 
Dellnes what type of variable. 
Defines the range. 

• Only needed far certain types (deftned by parameter 
TYPE). 

The parameter TYPE defines the 'type or required 
processing. Two examples follow: 

TYPE=E 
This lireots the logic to do a simple PROC EREQ on lhe 
Input element The input elements are categorical in nature. 
When this is ""'18Sted, the FORMAT parameter can alsO 
be specified. The FORMAT parametar defines the format 
used to print the values for lhis element. Please ese Exhibit 
1 far an example. 

TYPE=S 
'This clirecls the lc9c to do simple statistics (count, mean, 
mecian, standaJd deviation, minimum, and maximum) an 
the input element. The Input elements are continuous in 
nature. Please ese Exhibit 1 lor an example. 

The above pracessing describes a report solely dedicatee~ 
to optional variables. There are two other valid values lor 
the TYPE parameter within ACDO presently. Howewr, 
because of the modular design of ACDO, reports can easily 
be enhanoed to include another type or analysis. SAS 
maaros alow you to do this easily as each of the vald 
TYPEs Is its awn mac10. Macro capabilities enable great 
flexibility within our system. 

This concept of optional variable processing was again 
utilized on typiCal summary reporting. An example of a 
summary report that allows optional variable processing is 
the ac:tvwse event summary. In lhis summary, adverse 
events can be further analyzed by rac:s and gender or by 
any two variables the requester specifies, including efficacy 
variables. Please see Exhibit 2 for an example. 

Complex 8Um11181Y NpOI'IIng: for any nu....tc, 
cantlnuclua ,.. ... 

One of the most complex reports available within ACDO Is a 
summary of changes from baseline to erq,omt analysis. 
This summary encompasses many p-Value options. A total 
or nine parametars drect the logic on how to camputa and 
print the p-Values. Options lnc:lude what the customer 
perceives as significant, what model statements witl1n the 
PROC GLM to use, what error tarms to use, how to group 
the analysis, what type sum of squares analysis to run. 
Explicit toolnotes then detal to the customer which analysis 
was aocompllshed. Different analysis for each input 
variable occurs within a single execution of this report, 
dependent upon criteria such as the existence of empty 
cells. 

'This report can run with any numeric, conanuous element 
labs, vital signs, and elllcaey variables are typical 
candidaiBs. The customer defines the output format far the 
mecian, ~MM, and standard deviation values. The 
customer defines the baseline and the endpoint time 
intervals via visits or particular phases In a clinical trial. A 
customer can request analysis of the baseline to mlninum 
and maximum vatue within the endpoint interval. Finally, the 
customer also has the ability to receive the analysis on the 
raw data elements or on ranked values (PROC RANK). 
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This report can also be used to analyze crossover study 
data (i.e., two compounds are given to a patient) if the data 
are restrlctad to one or the regimens. In crossover study 
analysis, the ba8ellne visits oould r.-t the first 
compound r84l8ivecl by the patient and the endpoint visits 
could represent the second compound given to the patient 
Please see Exhibit 3 for an example. 

Printing of the report: evwythlng Ia a m-1 

Probably the most complex section or ACOO is the actual 
report printing. One high level driver mac10 prints the cover 
ll¥ 8lld \hen. CEllls_ eadl_il'lcividual r8J'OI'fs _prin~i maoRI· 
A separate mac10 prints each Item on the report the lilies, 
the paging variables, the coUnn labels, the printing 
positions, the actual data fines to print. and the footnotes. 
Global mac10 variables define varying column widths, 
column order, and a maximum number of columns within 
each report 

The system ciflerentlates between 'fixecl" versus 'Varying" 
columns. For example, if the report is an adVerse event 
summary, the fixed column would be the event classification 
term and the varying columns would be the number of 
l!aalments flat axlstsd within the requesled paging scheme. 
Thus, the printing logic creates global mac10 variables thet 
designata the maximum number of fixed and varying 
columns for each -'ion of a report The printing logic 
adds two SAS elements to the data set to be prinl8d. For 
each specific r-. one element contains the total number of 
variable columns to print and the second alamant contains 
the total number of columns, varying and fixed, to print The 
values or these elements oflen vary when executing lie 
reports across different paging achemes (I.e., across lie 
entire clinical 1rial data versus across only a specific 
physician's data). 

Finally, the actual PUT statement to print a fine of the 
aclual data looks as follows: 

PUT &&_PSN&_I &&_COL&._I &_FMT 0 

whent _I designatas the number of possible 
columns to be prlnl8d for all r-s wittm 
a lp8Cific page 9'QUPin9, 

&&_PSN&_I designatas the print position of the 
variable &_1, 

&&_COI...&_I designatas the aclual variable to be 
printlld and 

l_FMT dellgn BIB I any format asaocialed with 
the prinled variable. 

A hard-coded string value sud1 as "\Tab' can be 
~i!Jled to the PSN I118CIV variable. Thus, the entire 
report can contain embedded tab cl1araDIIIrs for automalio 
column a!i!Junent and can be easily downloaded into a PC 
word pr-*'9 file. The resolution of this code is: 

PUT 01 VISIT 0 
PUT \Tab VISIT 0 (when han:l-codecf string value 

is assigned). 

CONCWSION 

The flexibility and diversification within the ACOO reporting 
system meets so • 90% of the reporting needs for the 
clfferent researoh compounds. This system can and has 
been used for study reports, safety summaries, annual 
reports, and regulatory submissions. ACOO is available for 
hypothesis generakln and ad hoc internal or external 
requests. In adcillon to the reporting lleldbillty, ACOO has 
been optimized to the extent that In a single day, a customer 
can run all 35 ACOO reports and variations of them. 
Historicaly, one report could take one to six weeks to code 
and valida1B! 

Cfient involvement is a crucial component in project 
success. Our associates defined what the output should 
look Hka and what flelCibillty they wanted. The ACDO 
system is entirely modular, thanks to the SAS macro 
language support for parameter passing; ACDO as we 
know it would not exist without this feature. Flexibility ID 
encompass any reqwst was given top priority. ACDO 
provides top quality and quick analysis of data. It allows our 
associates to foous their time and efforts on less mundane 
tasks and thus greatly increases efficiency. ACOO helps 
dacraase the line to get a naw drug ID the market - and 
does it with elegance! 

SAS Is a registered trademark or traderl'lark or SAS lnstitule 
Inc. in the USA and other countries. ® indicates USA 
registration. 
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Exhlblt1 
A generic summary report of optional variables 

Drug 1 Drug2 DrugS Orug4 Total 
.llaliilbl.t !l!l=l.W !fllal§il aEaJ.m aeml 1l:i;;iZ2l 

Gender: No.(%) 
Female 89 (58.2) 77 (45.6) 160 (50.2) 141 (42.9) 467 (48.1) .01S 
Male 64 (41.8) 92 (54.4) 159 (49.8) 188 (57.1) 503 (51.9) 

R-: No.(%) 
African 37 (24.2) 15 (8.9) .ol2 (1S.2) 51 (15.5) 145 (14.9) .049 
Asian 1 (0.7) 1 (0.6) s (0.9) 2 (0.6) 7 (0.7) 
Cl!uc:asian 104 (68.0) 144 (86.2) 249 (76.1) 253 (76.9) 750 (77.S) 
Hispanic 9 (5.9) 9 (5.S) 24 (7.5) 21 (6.4) 63 (6.5) 
Other 2 (1.3) 0 1 (O.S) 2 (0.6) 5 (0.5) 

Wel!;;lt kg (Visit 1) 
No. Patienl8 152 167 317 3'i!f 963 .041 
Meal 73.70 78.49 76.09 77.89 76.74 
Median 71.11 78.93 75.30 77.11 75.75 
standard Dav. 17.60 16.14 16.82 18.17 17.35 
Mininum 43.55 37.65 40.82 39.01 37.65 
Maldmum 141.52 134.26 132.90 188.24 188.24 
Unapecifiecl 1 2 2 2 7 

Notss: The 'Drug 1', 'Drug 'Z, em. elements for lhe ~Industry are typically lhe dfferent treatmenl8 being 
analyzed. The customer can label each of lhese elements in any Wilt that can be cisplayed wllhin 8 characters. In lhis 
example, 'Drug 1', 'Drug 2', etc. was used. Also, lhe customer can specify lhe order of lhe columns. 
The 'Total' column is always optional and can also be ~tad 1o be lhe only oolumn printed. 
The 'p-Value' column is also optional. 
The 'Gender' and ·~· variables are examples of TYPE=F processing. Also 11018 that 1hase are lhe labels defined by 
parametar LABEL 
The Weight' variable is an example of TYPE=S PI'C c using. Also 11018 VISit 1 was defined by parameter VISIT. 
'Unspecified' indicates no data was available lor 1hls number of pallenl8. 

Exhlblt2 
A typical adv- event summary enhiiiiCled with optional variable prooessing 

Drug 1 Drug2 DrugS Drug4 Total 
QdsiD QIIII.IIJD ~ N D ~ tl D (~1 tl D ~~ tl D (~l tl D '~ Abdomllllll emo 

Africano-t Female 0 0 0 0 1 0 2 0 s 0 
Male s 0 0 0 3 0 0 0 6 0 

Cauc:asian Female 7 1 (14.3) 8 0 8 0 9 0 32 1 (3.1) 
Male 7 0 11 2 (18.2) 2D 2 (10.0) 24 4 (16.7) 62 8 (12.9) 

Hispanic Female 0 0 0 0 1 0 0 0 1 0 
Male 2 0 0 0 3 0 0 0 5 0 

Other Female 0 0 0 0 1 0 0 0 1 0 
Westem Asian Male 0 0 0 0 0 0 1 0 1 0 

Africano-t 3 0 0 0 4 0 2 0 9 0 
caucasian 14 1 (7.1) 19 2 (10.5) 28 2 (7.1) 33 4 (12.1) 94 9 (9.6) 
Hispanic 2 0 0 0 4 0 0 0 6 0 
Other 0 0 0 0 1 0 0 0 1 0 
Westem Asian 0 0 0 0 0 0 1 0 1 0 

Female 7 1 (14.3) 8 0 10 0 11 0 36 1 (2.8) 
Male 12 0 11 2 (18.2) 27 2 (7.4) 25 4 (16.0) 75 8 (10.7) 

Tolal 19 1 (5.S} 19 2 (10.5) 37 2 (5.4) 36 4 (11.1) 111 9 (8.1) 
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Lab Test HemaiDcrlt 
Lab Unit: Actual NumberiOecimel 

~ Iba:lx 
1) Drug3 
2) Drug 1 
3) Orug2 

!:IQ. 
1) 
2) 
3) 

.II:l!ii:ilrll 
Drug3 
Orug1 
Drug2 

..lL ...D... 
152 136 
315 282 
323 281 

..lL...n... 
152 135 
315 282 
323 281 

Exhlblt3 
Summary of Laboratllly Changes from Baseline 

Baseline 

..MHo. Ml!liln....a!L 
0.427 0.420 0.048 
0.431 0.430 0.048 
0.433 0.430 0.044 

Endpoint 

Maan M9dan _m_ 
0.425 0.420 0.043 
0.435 0.430 0.044 
0.433 0.430 O.D41 

---- p-Vidues ('EndPoint') -··­
• Palrwise"3-

Within Inter· 
~ amKm:2. OytraU"2 a!2l RW 
.383 .495 .020 .006 .098 
.091 .141 
.717 

Mean Mes!jan _m 
.0.002 0.000 0.035 
0.004 o.oos 0.033 
0.000 0.000 0.031 

'1 The si{JIIIIo:anc:e of a tooation shll\ from zero of the change from baseline within a 1reatman1 group is tested by the 
WilcoXDn Signed Rank procedure. 
'2 Type Ill SUms of Squares from an analysis of variance (ANOVA) on the ranks: PROC GLM modal=investigator and 
treatment lor the OIIWail p-Value and modal invaaligatDr, traamant, and Interaction lor the interaction p-Value. 
'3 Laaat-squares- opllon In PROC GLM from the ANOVA on the ranks uaing the mean square lor error. 
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