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ABSTRACT

Automated Clinical Data Qutput, ACDO, is an Eli Lilly and
Company project that has been dadicated to developing
flexible, sophisticated SAS® macros which are used o
create output across all disease classas. SAS macros ae
developed in a modular design so that multiple reports may
use many of the same modules. The primary focus of the
reports has been demographic, adverss event and
laboratory data, but some of the modules also analyze or
summarize crug efficacy data.  Although the listing
programs will handle any clinical trial design, inciuding
crossovers, the summaries are generally appticable only for
parallet designs.

A fundamental and powerful attribute of this reporting
system is flexibility. The SAS maco facillty is fully utilized.
All reports contain muitiple nosted macros, SAS
procedures, and functions. Customer-specified parametors
number from 37 in the simplest report to over 200 in a more
compiex report. All parameters default so that the customer
can submit a quick repoit with ease, or he can customize
his report in an increasingly detalled way by changing
paramelter values. The categories of parameters include:
patient population, tme restriction, report specific
processing, printing, and optional variable specifications.

The reports’ functionalities extend from listings to extremely
complex summaries that produce muiltiple different p-
Values. Listings allow the ability to print ditferant variables
and request different paging schemes. The summaries vary
in complexity: some use a simple PROC FREQ wiile
others use the more compiex PROC GLM.

The reporting system presently consists of 35 different
raport drivers. The flexibility of these 35 drivers, however,
results in hundreds of variations of reports Thers are
approximately 200 different macres and aboyt 320 customer
parameters in this reporiing aystem. The ultimate goal is 1o
roduce the time to deliver generic and ad hoc reports
needed for Lilly personnel, Ully investigaiors, and outside
reguiatory agencies.

INTRODUCTION

Timely reporting of clinical trial data to regulatory aythorities
is an important step in remaining competitve in the
pharmaceutical industry. Clinical trial reporting needs are
diverse, complex and can change at a moments notice.
They diversify among the data as well as the customers.
Adverse events, chronic and historical filnasses, iaboratory,
demographic, summary, and efficacy data are the major
data categories. Data can also be reported from different
sources, such as DB2 and tradiional SAS data sels.
Customers include in-house fesearch  scientists
(physicians), statisticians, clinical research administrators,
managemsnt, external local and global regulatory agencias,
and external physicians who participate in clinical tials.

Ultimately the clinical trial reporting system must effectively
support these diverse and compiex requirements or else
risk forfeiing or deiaying all of the research and
development effort that was involved in creating a new drug.

ACDO was originally conceived back in 1985, when a few
of our associates saw the benefits of creating some sort of
generic reporting system. In 1990 a systems development

team was crealed and in 1951 we started actually coding

the system. This development team consisted of four Lilly
analysts (one of whom was project administrater) and in
January of 1991 thraee outside confractors were added fo
the team. This paper focuses on a small fraction of the
entire system.

Each report, or “product’, of ACDO consists of the
{ollowing:

* A ‘“cover page' which details the value of each
parameter for a specific execution of a report

The actual report

Cotresponding system documeantaiion

JCL to executs the actual report

Exception listings

Expianation pages (customer focused descriptions of
options availabie).

The cornersicne of ACDO is Quality. Each report was
written by one person and double validated from a systoms
point of view by another analyst and then finally, given to the
client for final review and validation. Because of Lilly's
commitment to quality, the documentation and validation of
these reporis was an enormous task. All reports document
“overall tests” (tests encompassing running all lunctions of
the reports simultaneously) as well as “specific logic
chacks* (tests to validate a specific function within a report).
Many hours were spent validating and attempting to break
the SAS code. All o ensure one fact: accurate information
to our customers!

ACDO dovelopment was greatly enhanced by a steering
committee of associates representing all funciional areas
involved in achieving worldwide regulatory approval for a
compound. They includad:

research sciantists

stafisticians

clinical research administrators

regulatory

medical writing

sysiem analysts.
This muiti-faceted team was essential 1o the success of the
project Sieering committee members spanned divergent
lunctional disciplines and therapeutic classes. Easly
involvement by our associates began the quality process
which enveloped the entire project. Additionally, they
formed a crucial fink for information sharing across the large
Medical division within Eli Lilly and Company. The
development team could focus more cn creating the
system, while our associatles kept all areas abreast of the
status and features of our project: they were our top notch
sales representatives!
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ACDO advantages inciude:

* ACDO is very well documenied from both customer and
systems viewpoints, Literally hundreds of validation tests
were run on sach report and each individual macro.

* ACDO allows for quicker analysis. ACDO saves time in
output design, producing output, and from database lock
to regulatory submission.

e ACDO tacilitates design of output. Customers now have
a starting point for designing output at time of protocol

development.

* ACDO improves business pariner relationships. Cur
associates and systems analysts have increased
understanding of tarminology and customer needs.

e ACDO increases consistency across studies and
products, which allows for reduced review time and
increased familiarity and understanding.

* ACDO's repelitve use has led to a high degres of
confidence and understarxiing when reviewing the output
reports by both customers and reguiatory officials.

ACDO disadvantages include:

® The complexity of the parameters results in a steep
learning curve. This is a concem for the new customers
of the system.

e Sysiom enhancements are more tme consuming.
Validation tests necessary to complete a report
enhancement increases the ime to compiets the change.

® A natural tendency to resirict the output to only that which
ACDO can handie may accur.

¢ Misinerpratation could potentially occur due to the ability
of non-statisticians to obtain reports with p-Values,

Optional variable processing: using the power of SAS
macros

Optional variable processing allows the customer to specily
data elements at their will. This functionality is used in six of
the 35 reports. One summary report allows the customer o
specily any 40 oplional variables to summarize, and the
method of summarizing them. Thefe is also one lising
raport that alows the customers to specify any 20 optional
variables to be listed. The oplional variable logic is used
congsiglontly across the different reports. Once a requeater
lsarns how to specily a type of optional variable, he will
know how to do this in any report that allows optional
variable processing: with ACDO, customer knowledge is
fransforable!

This section will discuss the use of oplional variables in
summary reporting. This processing usaes seven
paramsters to define one variable. They are:

VAR Definas the & character SAS variable.

FILE Defines the SAS input data set.

LABEL  Defines the column label to attach o the
variable,

*FORMAT Defines tha format to print the value of
the input variable.

vielT Dofines the specific point in time to report.

TYPE Defines what type of variable.

‘RANGE Defines the range.

* Only needad for certain types {defined by parameler
TYPE).

The parameter TYPE defines the ‘type of" required
processing. Two examples follow:

IYPE=F

This directs the logic to do a simple PROC FREQ on the
input element. The input elements are categorical in nature.
When this is requested, the FORMAT parameter can aiso
bo specified. The FORMAT parameter dafines the format
usad to print the vaiues for this element. Please see Exhibit
1 for an exampie.

IYPE=S

This directs the logic to do simple statistics (count, mean,
median, standard deviaion, minimum, and maximum) on
the input element The input elements are continuous in
nature. Please see Exhibit 1 for an example.

The above processing describes a report solely dedicated
to optional variables. There are two other valid vaiues for
the TYPE parametsr within ACDO presenty. However,
because of the modular design of ACDO, reports can easily
be enhanced to include anothar type of analysis. SAS
macros allow you to do this easily as sach of the valid
TYPEs is its own macro. Macro capabiliies enable great
floxibility within our system.

This concept of optional variable processing was again
utilized on typical summary teporting. An example of a
summary faport that allows optional variable processing is
the adverse event summary. In this summary, adverse
events can be further analyzed by race and gender or by
any two variables the requester specifies, including efficacy
variables. Please ses Exhibit 2 for an exampile.

Complex summary reporting: for any numere,
continuous variable.

One of the most complex reports available within ACDO is a
summary of changes from baseline to sndpoint analysis.
This summary encompasses many p-Value options. A total
of nine parameters diract the logic on how to compute and
print the p-Values. Options inciude what the customer
perceives as significant, what model statements within the
PROC GLM to use, what eiror terms 1o use, how o group
the analysis, what type sum of squares anaiysis to run.
Explicit tootnotas then detail to the customer which analysis
was accomplishad, Dilferent analysis for sach input
variable occurs within a single exscution aof this report,
dependent upon criteria such as the existance of emptly
cells.

This report can run with any numeric, continuaus element:
labs, vital signs, and efficacy variables are typical
candidates. The cusiomer definas the output format for the
median, mean, and standard deviation values. The
customer defines the baseline and the endpoint time
intervais via visits or particuiar phases in a dlinical tial. A
customer can request analysis of the baseiine to minimum
and maximum value within the endpoint interval. Finally, the
customer also has the ability to receive the analysis on the
raw data elements or on rankead vaiues (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 daia
ara resiricted to ons of the regimens. In crossover study
analysis, the bagseline visits could represent the first
compound received 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: everything Is a macro!

Probably the most complax saction of ACDO is the actual
report printing. One high level driver macro prints the cover
page and then calls each individual report's printing macro.
A separate macro prints each ilem on the report: the titles,
the paging variables, the column labels, the printing
positions, the actual data jines to print, and the fooinotes,
Global macro variabies define varying column widths,
column order, and a maximum number af columns within
each report

The system differentiates between *fixed® versus “varying®
columns. For example. if the report is an adverse event
summary, the fixed column would be the event classification
term anwd the varying columns would be the number of
treatments that existed within the requested paging scheme.
Thus, the printing logic creates global macro variables that
designate the madmum number of fixed and varying
columns for each exacution of a reporl.  The printing logic
adds two SAS slements to the data set to be printed. For
each specific row, one element contains the total number of
variahle columns to print and the second element contains
the total number of columns, varying and fixed, to print. The
values of these elements often vary when executing the
reports across different paging schemes (l.e., across he
entire dinical tial data versus across only a specific
physician's data).

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

PUT &&_PSN&_| &&_COL& | & FMT @
where _| dasignates the number of posaible
columnas 1o be printad for all rows within
a specific page grouping,
designates the print position of the
vasiable &_J,
designates the actual variable to be
printed and
designates any format associated with
the printed variable.

&8&_PSNS_I
&% _COL& I
&_FMT

A hard-coded string value such as “Tab" can be
preassighed to the PSN macro variable. Thus, the entire
report can contain embedded tab characters for automatic
column alignment and can be sasily downloaded into a PC
word processing file. The resolution of this code is:

CONCLUSION

The flexibility and diversification within the ACDO reporting
systom meets 50 - 90% of the reporiing noeds for the
different research compounds. This system can and has
been used for study reports, safely summaries, annual
reports, and reguiatory submissions. ACDO is available for
hypothesis generaion and ad hoc intemal or external
requests. In addition to the reporting fiexibility, ACDO has
been oplimizad to the extent that in a single day, a customor
¢can man all 35 ACDO reporis and variations of them.
Historically, one report could take one to six weeks to code
and validate!

" Ciient involvement is a crucial component in project

succass. Our associates defined what the output should
look like and what flexibiity they wanted. The ACDO
systom is entirely modular, thanks to the SAS macro
language support for parameter passing; ACDD as we
know it would not exist without this feature. Flexibility to
encompass any request was given top priority. ACDO
provides top quality and quick analysis of data. it allows our
associates to focus their time and efforts on less mundane
tasks and thus greatly incteases efficiency. ACDO helps
decreaso the time 1o get a new drug to the market —~ and
does it with elegance!

SAS is a registered trademark of trademark of SAE Institute
Inc. in the USA and other countries. ® indicales USA

registration.

PUT @1 VISIT @
PUT \Tab VISIT @  (when hard-coded string value
is assigned).
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Exhibit 1
A generic summary report of optional variables

Drug 1 Drug2 Drug3 Drugd Total
Variahie {N=163) (N=169) {N=319) (N=320% (N=070) p-Valuo
Gender: No.(%)
Female 89 (58.2) 77 (458) 180 {50.2) 141 {429) 467 (48.1) .013
Male 64 (41.8) 92 (544) 159 (49.8) 188 (57.1) 503 (51.9)
Race: No.(%)
African 97 (@4) 15 (89) 42 (132 51 (15.5) 145 (14.9) .049
Asian 1 (7 1 (0:8) 3 (09 2 (08 7 (07N
Caucasian 104 (68.0) 144 (852) 248 (78.1) 283 (76.9) 780 (77.3)
Hispanic ¢ (59 2 (5.3) 24 (7.5) 2t (84) 63 (6.5
Other 2 (1.9 Q 1 (0.3) 2 (06) 5 (0.5)
Weight kg (Visit 1)
No. Patients 182 167 a7 a7 963 041
Meaan 7370 78.49 76.09 7789 76.74
Mediian 71.11 7893 75.30 re AL 75.76
Standard Dev. 17.60 16.14 16.82 18.17 17.35
Minimum 43.85 37.65 40.82 39.01 3765
Maximum 14182 134.26 132.80 18824 188.24
Unspecified 1 2 2 2 7

Notes: The 'Drug 1', 'Drug 2, efc. elements for the pharmaceutical industry are typically the different eatments being
analyzed. The customes can label each of these elements in any way that can be displayed within 8 characters. In this
example, 'Drug 1°, 'Drug 2, ofc. was used. Aiso, the customer can specify the order of the columns.

The 'Total' column is always optional and can also be requested io be the only column printed.

The ‘p-Value' column is aiso optional.

The ‘Gender’ and ‘Race’ variables are examples of TYPE=F procsssing. Also note that these are the iabels defined by
parametar LABEL.

The ‘Weight' variable is an exampie of TYPE=S processing. Also note Visit 1 was defined by parametsr VIiSIT.
‘Unspecified indicates no data was avaitable for this number of patients.

Exhibit2
A typical adverse event summary enhanced with optional variable processing

Drug 1 Drug 2 Drug 3 Drug4 Total
Origin Column Sex N n (%) N_n (%) N.on (%) Nn (e N (%
African Descent Female 0 0 o 0 10 2 0 30
Male 30 00 3 0 00 6§ O
Caucasian Female 7 1(143) 8 0 8 0 % 0 2 1 (31
Male 70 11 2(182) 20 2(100) 24 4 (167) 62 8 (129}
Hispanic Femalo o0 o0 10 o0 10
Male 20 00 30 00 5 0
Other Female g0 00 1 0 00 10
Westem Asian  Male ¢ 0 00 00 10 10
African Descent a0 00 4 0 20 9 0
Caucasian “ o1 (71 19 2(105 28 2 (7.1) 33 4 (121) 94 9 (96)
Hispanic 20 00 4 0 00 6§ 0
Other 00 00 1 0 00 10
Woestem Asian 00 o0 o0 1 0 1 0
Female 7 1(143 8 0 10 0 1 0 8 1 (28
Male 12 0 11 2(182) 27 2 (74) 25 4 (160) 75 8 (10.7)
Total 19 1 {83) 19 2{105) 37 2 (54 3B 4 (1L.1)1M1 9 {8.1)
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Lab Test Hematoerit
Lab Unit: Actual Number/Decimal

No, Therapy N .0
1) Drug3 152 135
2) Drgl 315 282
3) Dng2 323 281

No. Therapy N _n_
1) Drug3 182 135
2) Dngt 315 282
3) Drug2 323 28

Exhibit3

Summary of Laboratory Changas from Basciine

Baseline

Endpoint

Mean Median SD
0427 0420 0048
0431 0430 0.048
0433 0430 0044

Within  inter-

383
o
77

p-Valuss (‘Endpoini®)

Meap Modign SD
0425 0420 0043
0.435 0430 0044
0433 0430 0.041

- Pairwise“3-

Group™1 agtion™2 Qverall’2 vs.(2) vs.(3)

141

Meap Median_SD
<0.002 0.000 0.035
0.004 0005 0.033
0000 0000 0.031

"1 The significance of a location shift from zero of the change from baseline within a freatment group is tasted by the
Wilooxon Signed Rank pracedure.
2 Type ll Sums of Squares from an analysis of variance (ANOVA) on the ranks: PROC GLM model=investigator and
treatment for the overail p-Value and model=investigator, treatment, and intaraction for the interaction p-Value.
“3 Least-aquares mean option in PROC GLM from the ANOVA on the ranks using the mean square for efror,
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