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Main requirement was to re-develop an existing
reporting solution for Periodic Safety Update Reports.

Existing solution was

— Manually driven

— Based on a monolithic SAS program
— Reliant on a dedicated support person



* Proposed solution needed to be

Fully validated

Documented and supported by an IT function
Transitioned from Business to IT

Fully automated

Integrated with existing IT infrastructure
Extended to cater for new functionality



Standardisation of PSUR publications
— One common reporting standard
— Fully validated

Review of PSUR Guidelines

Creation of a new accompanying business process,
backed up by supporting SOPs

Switch the authoring from Product Specialists to Medical
Writers

Improved efficiencies



Reproducibility of reporting outputs
Automated interfaces to external services
Different workflows for different user groups

Large number of reporting outputs
— Complex line listing
— Variety of summarisations
— Combining and splitting output objects
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« Java web application
— J2EE, Struts, Hibernate
— Parameter definition
— Submission of output requests

« Oracle
— Coding of all business rules and data transformations
— Creation of data snapshots for report reproducibility

« SAS
— Report generation
— Workflow control
— Email notification



Very thin interfaces between all components

Java to SAS

— Java submits a SAS executable in batch and immediately
releases control

Java to Oracle

— Setting parameters to the application database using the
Hibernate framework

SAS to Oracle

— Executes the Oracle stored procedure to generate a data
snapshot

— Retrieves application parameters and resulting data
snapshot



Integration with the existing Drug Safety Portal

Authentication and authorisation via an existing security
mechanism

Automated publishing of the resulting output files to the
Documentum system

Automated Email notification



Complete platform independence from the
combination of SAS and Java

* Windows development environment

* UNIX integration, testing and production
environments



Solution and Architecture
- Java Web Application

Wizard-based report definition

I w —= I Run PSUR for Review Period

| 1. Run Options ‘ ‘ 2. Output Options ‘ | 3. PSUR Files | ‘ 4. Working Files ‘ | 5. Finish |

Create Report Definition

Stealien Fepol Dt Please specify the PSUR output files you require. For a production run of a PSUR Lifecycle or Mature

Product, all PSUR files are mandatory.
Search Runs

Review RAPID Files 4+ PSUR Sections Summary Tabulations

Table 3: Summary Tabulation of all Adverse Events by SOC
Exit L ' .
Tahble 4 Distribution of Case Reports by Primary Reporting Source

Tahle 5 Primary Reporter Type vs. Source of Information
Tahble 6: Distribution of Case Reports by Country
Table 7: Patient Demographics Group and Gender
Tahle 8: Age Class and Gender
Summary Tabulations by S0OC
I+ PSUR Section Use in Pregnancy or Lactation

i+ PSUR Appendices Line Listings

Appendix 4 Medically Confirmed Cases Appendix 10: Overdose Cases
Appendix 5 Summary Cases Appendix 11: Abuse, Misuse Cases
Appendix 6 Blinded Cases from Clinical Trials Appendix 12: Pregnancy Cases
Appendix 7! Fatal Events Appendix 13: Special Age Populations
Appendix 9: Interaction Cases Appendix 14: Lack of Efficacy Cases
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Solution and Architecture

- Java Web Application

File Preview
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Metadata

Output Driver

Output Programs

ODS Styles and Templates
Error Handling



* Approximately 20 different report types

— Complex line listing with multiple outputs, indenting,
linked wrapping columns, stacked columns, complex
pagination requirements.

— Multiple summarisations, some basic, some more
iInvolved.

« Approximately 30 data result sets each containing
a standard superset of columns

« Approximately 100 output files from different
combinations of report types and result sets.



 Metadata driven

— Links all required combinations of report types and result
sets

— Definition of all text strings within every output

— Definition of column requirements for each report type
— Email settings including body text

— FTP settings



* Advantages to using metadata
— Changes to any text string requires a simple change to a metadata

table
PARAMETER_MAME | PARAMETER_WALUE | COMTE=T | SCOPE -

3 header Medically Confirmed Caze Reportz line_lizting_rmedconf OUTPUT_OBJECT
4 Il_related_mch_header Other MCM 2 far thiz Patient: lire_listing PG
4] II_date_header Date: lire_lizting PGk
B II_pagenum_header Fage lire_ligting BB e
7 Il_estimate_header ™ = an estimate, see glossary for details  line_listing PGk
3 Il_related_mcn_continued Other MCH s faor thiz Patient [continued]:  line_lizting PGk
9 hio_data_text Mo Caze Repartz Beceived _glabal GLOBAL
10 I|_zolumn_casze MCMICountrpldgel Sexl S ource lire_lizting Flabd
11 II_column_ind_medhizt Indication!- Medical Histary lire_ligting PGk




* Advantages to using metadata

— Changes to existing combinations of report types and result sets
No programmatic changes required

controlled within a metadata table.

J}) OUTPUT_OBJECT RESULT_SET RESULT_SET_REFEREMCE | CREATED_BY =
3 esl_alp_fup_cur_per alp_follow_up_p rezul_set (k_PSUR
4 esl_alp_fup_prese_per alp_follow_up_b rezul_set (k_PSUR
75 line_listing_alp_new_preq_cases alp_preg_initial result_zet Ck_PSUR
7B mch_1_alp_medconf alp_initial rezul_set (k_PSUR
i zoc_tables_medconf cu_med_confirmed rezult_set_cu (k_PSUR




* Advantages to using metadata

— Addition of new outputs based on existing result sets and existing
programs also only requires a change to the metadata table

QOUTPUT_OBJECT | OUTPUT_PG RUN_ORDER | FSUR_wF_CODE | SPLIT_FLAG =
10 lime_listing_study_werum_unrel lire_listing 350 WF M
11 esl_nonmedconf sl 380 W M
12 es_zenous_unlisted esl_zenous_unlisted 410 WF T
13 lime_listing_surmmmary_cumm lire_listing 440 WF M
14 EE_sUImmary eEr 470 WF M




* Advantages to using metadata
— Efficiency in only retrieving the columns required for a given result set

QUTRUT_PGM RESULT_SET_REFEREMCE VARS
3 esz_zpecial_age rezult_set_a caze_id caze_report_id
4 gx_zenaus_unlizted rezult_zet caze_id caze_report_id event_serouzness_flag event_listed_flag caze_soc_no_cur
] summary_gender_age result_set casze_id gender_code age_at_onset_pears

casze_id adverze_ewvent_id drug_id caze_main_dig_id rtsn dran aesn
patient_group_id patient_first_case id case_zoc_abbrev cur case soc no_cur
E lime:_lizting result_zet prim_rr_countiy_code age_at_onset_with_est gender_code onigin_code
indicat_pt_cur dozage_route received_inn_genenic_name onzet_dt
anzet_dt_reparted latency pt_cur event_outcome event_seriouzness_flag
suzpect_flag cum_dozage




Entirely driven by the metadata

Picks up which programs to run against which result sets
and in the pre-defined order

Picks up and sets the appropriate parameters from the
metadata, e.g. result set, column labels

Controls the destination of the outputs based on the
workflow

Prepares the FTP command files for execution



« Each output program links directly to a specific report type
« Each may be run with a number of different cuts of the data

« Each has its own defined interface of expected macro
parameters and expected source data items and is independent
from the application as a whole



« All ODS style and ODS template definitions are defined
independently from the output programs

« All ODS styles (i.e. fonts, alignment) are stored

independently from the ODS templates (i.e. column
definitions)

* Use of inheritance to factor out commonalities



SAS Reporting Module
- ODS Styles and Templates

« Example template

define table psur param dpn.table;

style=param table;

mvar lb param dpn header;

column drug pref name;

define header param headerl;
text 1lb param dpn header;

end;

define column drug pref name;

parent=psur param off.column parent;

style=param data bold;
end;
end;
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« Error handling at each data step and procedure boundary

« Email facility
— Different groups of users
— All metadata driven

— Additional notification to the support team in the event of
an error



 Developed across 2 sites
— Java development at one site
— SAS and Oracle development at a second site

« Multiple developers per component

* Multiple environments
— Local development
— Integration
— System Test
— UAT
— Production



The multi-developer, multi-site, multi-environment set-up
meant a clear need for Configuration Management

Solution

* Use of CVS (Concurrent Versioning System) as a
mechanism for configuration management

« Use of Ant for deployment purposes

« Use of Eclipse as a development environment where all
program code could be brought together



History of all development changes
History of all versions of each individual program file

Ability to tag/label a release of the application as a whole,
l.e. create a snapshot of the application containing all
current versions of the individual programs.

Ability to check in and check out from the central repository

Ability to compare differences between versions of the
programs



XML-based script for deployment of applications

Provides a platform-independent and environment-
Independent deployment

One build script for deployment of the Java and SAS
components
Some features of Ant

— File and directory handling

— Execute and report on unit tests

— Kick off external processes, for example a SAS
executable

— Compile Java code and deploy onto a remote
application server



Example code snippet

First delete the existing directory containing source programs

Next make a new directory

Copy all files from the checked out CVS repository to the source
directory

Add execute permissions on a script file

<target name="psur-sas" depends="init" description=“Creates and configures SAS directories">

<delete dir="${psur-sas.src.sas.dir}" />
<mkdir dir="${psur-sas.src.sas.dir}" />
<copy todir="${psur-sas.src.sas.dir}">
<fileset dir="${src.sas.dir}" />
</copy>
<chmod file="${psur-sas.sasstart.dir}/${app.script.run.name}" perm="774" />

</target>



Once the build script has been created, it can be executed
together with a target

ant <target>
ant psur-sas

This will run the psur-sas target within the ant script which in
turn can specify dependencies on other targets within the
script.



Richly functional Java IDE
— Also suitable for SAS-related Java development

Tight integration with CVS
Tight integration with Ant

Editing features (not available within SAS)
— Search and replace for the application as a whole
— Version history
— Compare files
— Compare different versions of the same file



« Synchronise with the CVS repository
— Incoming changes
— Outgoing changes
— Conflicting changes
* |dentification of each specific conflict
 Visual resolution of each conflict
 Ability to merge changes



EEI Compare dss/reparting/psur/stc/sas/macros/output_parm/est_preg.sas 1.2 and 1.1 &2 = 0
5| Text Compare w2
|5| esr_preg.sas 1.2 |Z| esr_preg.sas 1.1
P PP e M

smwacro esr preglobject file path,file prefix,output filEP——ﬂ%mach esr preglobject file path,output file):

* Create all output-specific parameters:
data null ¢
set output file parameters (where=(scope='PGH' and
call sywput (trim(parameter name), trim(parameter ve
run;

proc sgl;
create table esr preg &as
select distinct case id, case report id
from (select case id, case report id from &
union corr

* Create all output-specific parameters:
data null ¢
get output file parameters (where=(scope='PGH!
call sywput (trim(parsweter name),trim(paramete
run;

proc 3ql;
create table esr preqg &as
select distinct case id, case report id
from (select case id, case report id fro
union corr



Development Environment & Processes

- Eclipse CVS Integration

= output_pgm
----- |:=a est_preg.sas 1.2 (ASCIT -kky)

----- |:=a est_serious_unlisted.sas 1,11 (ASCIT -kk)
----- |:=a est_special_age.sas 1.2 (ASCIT -kkw)

----- (5 esrsas 1,13 (ASCII -kkv)

----- |:=a line_listing_preg.sas 1.1 (ASCIT -kkw)

----- |:=a line_listing_special_age.sas 1.1 (ASCIT -kkad

----- [ men_t.sas 1.1
..... l::a mcn_Z.5as 1.1
..... E:El men_3.sas 1,1
..... [5} men_preg.sas
----- |:=a rREn_seriols_un
----- |:=a overview_file,s
----- |:=a parameter_File,
----- |:=a soc_tables_do.
----- |:=a soc_tahles. sas
----- [5} summary_agec!
----- |:=a SUMMAary _ageqg
----- [5} summary_count
..... E:B surnmary_gend
----- 5 summary_long_
----- |:=a SUMMary_origin
----- 5 summary_origin
----- |:=a SUMmMary _preqg |
----- 5 summary_preg_
----- |:=a SUMmMary _preqg |

----- 5 summary_preg_
----- 5 summary_soc.s

=l add_line_var.sas 1
E.-a add_rapid_author. 5

[ZL ralrilate resile s/t

(i
Synchronize with Repository
Cammit.. .
|pdate
Mew ’ Create Patch, ., =
Open F3 Apply Patch... :
i (Y C
QOpen With Tag as Yersion.., L
Copy kT ‘k‘} Branch... il
[ Paste Chrl+y 4R Merge. .. :
¥ Delete Delate Switch to Another Branch or Yersion... [
m
Euild Path k| 1) Show Annotation
Refactor Ale+3hift+T *| 5] Show Resource Histary i
£ Import, . &dd ko Yersion Control B
&3 Export. .. &dd ko cvsignore.
“hange ASCIL{Binary Property. ..
" Refresh F5
Restore from Fepositary., ..
Run fAs 4 Shiows Editors
Debug As k Iredit
Tearm R L4 Edit
Compare With g » ilg
! ' .
Replace With 118
i 1.17
) ?,r?F'?rFI,ES . p'.lF+.E.nt..3r 116

Pharmaceuticals



Problems | Javadoc Declaration | 5/ VS Resource History &3 Search G5 | B Y T 0O
line_listing. sas
Revision Tags | Date Author Comment i
*1.30 PSUR-REL-1-0-1,.. 27.09.05 16:32 fletchjl Make the drug therapies section match the spec fr
1.29 26,0905 17:02 fletchil Changes follawing dry run of unit testing:[...]
1.28 16.09,05 13:43 fletchil Pick the print date up fram a macro so that the unit bests c,
1.27 15.09.05 17:29 fletchil Ensure the working file header appears for all Mature and |,
1.26 14.09.05 16:50 fletchil Remove warning when using sockxt format[, .. ]
1.25 09.09.05 12:48 fletchil Remove the drop of onset_dt as it isn't kepk
1.24 09.09.05 12:28 fletchil Puk in Bswserr checks around every data skep and proc
1.23 0&8.09.05 11:30 fletchil IUse onset_dk_reported From the result set instead of onse,
1.22 26.08.05 16:56 fletchil Add counts For patient and case ko the line listing
1.21 25.08.05 15:03 fletchil IUse printed end date in the title
1.20 15.08.05 12:30 fletchil [se Full ket for gender],. ]
1.19 11.08.05 11:22 fletchil Fix & problem with creation of num_pages macro
1.18 10.03.05 13:54 fletchil Modified drug title line
1.17 09.08.05 16;28 fletchil Make the medhist and drug therapy tables parameter driver
1.1 09.0&.05 09:07 flekchil Change age ak onset to use the new variable with the esti,,
1.15 05.08.05 17:13 flekchil Remaved call to create_table macros - now elsewhere. Als.,,
1 44 T W T B Lt B B i Clabal:q L e e ] e e e ] D er i | S 1
< >

[58)PSUR-DEY-1-1-0
I58)PSUR-REL-1-0-0
T78)PSUR-REL-1-0-1
. PSUR-REL-1-0-%

ake the drug therapies section match the spec from teh 505, to pick up thera)



Development Environment & Processes
- Eclipse File Searching

men_1.sas id

fend:

(if Lsyserr=0 %then 5do;
proc sort data=mcnl_ _final;
by case_soc_no_cur eventl pt eventl vt eventl seriousness_flag case_id;
run:
Lend:;

titleZ j=c "iheader®™:

51f &standalone=N and &psur_wf_code=UF %then %do;
ods rtf startpage=now;
fworking file header:
footnotel "ewen bolding footer™:
ods rtf startpage=now;
%end;
(else %do;
footnotel "&mwen bolding footer™:
ods rtf sStartbacde=now:

F‘rc-blems|Javad-:-c|DecIarati-:-n|C\-‘5 Resource Histary (ﬂﬁ? Search 2 dL qF | b 4 S& | | (] EJP -
'rtf_page_x_of_v' - 41 matches in selection
=Gy src
= [ sas
= [ macros

= [y oukput_pgm

- [5) men_t.sas (2 matches) 1,13 (ASCII -kky)

E=E, mcn_Z.sas (2 matches) 1,14 (ASCIT -kke)

mcn_3.sas (2 matches) 1,13 (ASCII -kk)
mcn_preg.sas (2 matches) 1,14 (ASCIT -kky)
men_serious_unlisted.sas (2 matches) 1,16 (A5CIT -kky)
overview_file.sas 1,13 (ASCIT -kky)

parameter_file.sas 1.9 (ASCIT -kkv)
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Reasons for Unit Testing

* Due to the large number of output files, automated SAS unit
testing was a crucial development goal

— Reduce the testing burden
— Pay-off with repeat testing within the normal testing cycle

— Paye-off also with future changes where the test suite will
highlight any problems when maintenance is performed



Methodology

 Principles of JUnit testing from the Java world were adopted
within SAS

« Unit testing integrated into the deployment process with Ant

— Whenever the application is deployed the Java and SAS unit
tests will be run and any problems automatically highlighted



Development Environment & Processes
- Unit Testing

Example Unit Test Program

=l smacro test line listing for (psur wf code,report type,standalone, empty=N) ;
Fing "&unit_test_pathfSetup_working_file_header.Sas";
Linec "&unit_test_pathﬁsetup_line_listing.sas";
Lineg "Eunit_test_pathfsetup_line_listing_data.sas";

Fing "&unit_test_pathfSetup_post_process.sas";

f¥let output file=line listing %lowcase(&psur_ wf code. &report type. Lstandalone)

-

¥let result _set=11 unit test;

options orientation=Lorientation;

od=s rof hndg="&nbject_file_pathf&Dutput_file..rtf" style=&pgm style Startpage=no;
s*1line lisking:

ods  _s8ll close;:

*rtf post process(tobject _file path, &output file..rtf):

Zing "&unit_test_pathﬁtearduwn_wurking_filE_header.sas";

ey

inec "&unit_test_pathﬁteardnwn_line_listing.sas";

e

ineg "&unit_test_pathfteardnwn_line_listing_data.sas";

e

ing "&unit_test_pathﬁteardnwn_pust_prucess.sas";

smend;
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Execution of Scenarios for 1 Unit Test
Program

ttest line listing foripsur wf code=UF, report type=NP, standalone=T);:
ttest line listing foripsur_ wf code=TF, report type=QE, standalone=N]:
ttest line listing foripsur wf code=UF, report type=QE, standalone=T);:
ttest line listing foripsur wf code=P3TR, report type=LP, standalone=N]:
ttest line listing foripsur wf code=P3TR, report type=LP, standalone=T);:

Unit Test Driver

Line "&unit_test_pathftest_summary_tables_psur.sas";

ey

inc "&unit_test_pathftest_summary_tables_preg.sas";

ey

inc "&unit_test_pathftest_summarg_tahles_wf.sas";

ey

inc "&unit_test_pathftest_snc_tahles.sas";

ey

inc "&unit_test_pathftest_line_listing.sas";

A

inec "&unit_test_pathftest_mcn_l.sas";

ey

inc "&unit_test_pathftest_mcn_z.sas";

ey

inc "&unit_test_pathftest_mcn_S.sas";

ey

inc "&unit_test_pathftest_mcn_preg.sas";

ey

inc "&unit_test_pathftest_mcn_seriDus_unlistEd.sas";

ey

inc "&unit_test_pathftest_parameter_file.sas";



Development Environment & Processes
- Unit Testing

Ant Deployment Target

<target nawe="sas-unit-test.execute” depends="sas-unit-test.init" description="Execute 345 Tnit Test":>

<exec executshle="/opt/3L3/ product,/vE2 /383" dir="%{hasedir}" failonerror="trus™:>

<arg
<arg
<arg
<arg
<arg
<arg
<ENV
CENV
<ENV
CENV
<fenens
</ target>

line="-autoexec §{sas-unit-test.autoexec.filel™ />

line="-ponfig §{sas-unit-test.config.file}™ />

line="-ayain j{zas-unit-test.src.dir}/paur-unit-test-driver.sas" />
line="-log §{sas-unit-test.log.file:™ />

line="-work 4{{sas-unit-test.work.dir}"™ />

line="-print 'Sdev/null'"™ />

key="sas-unit-test. log.file™ wvalue="3j{sas-unit-test.log.file}™ />
key="zas-unit-test.output.dir™ wvalue="§{sas-unitc-test.oucpuc.dic: "™ />
key="3as-unit-test,.src.dir™ value="5{sas-unit-test.arc.dicl™ />
key="src.sas.dir™ value="§{src.3as.dir} " />
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Ant Execution

[echol B5-0ct-2005 2
[echol

sas—unit—test.init:

[delete] Deleting: <homessassgmuserssystemtestsdss reporting-PEUR-RE
[delete] Deleting: <homessassgmuserssystemtestsdss reporting-PEUR-RE
[delete] Deleting: <homessas gmuserssystemtest/dss reporting-PEUR-REL- —unit-testspsur—unit-test.log
[delete] Deleting: ~homessassgmuserssystemtestsdss reporting PSUR-REL-1-B-1/zas—unit-test sdiff.log
[delete] Deleting: ~homessassgmuserssystemtestsdss reporting PSUR-REL-1-B-1/zas—unit-test/grep.log
[delete] Deleting directory <homeszas/gmuserssystemtestsdss reportingsPSUR-REL-1-8B-1/zasz—unit-test- work
[delete] Deleting directory <homeszas/gmuserssystemtestsdss /reporting/PSUR-REL-1-B-1/zaz—unit-testsoutput
[delete] Deleting directory <homeszas/gnuserszystemtestsdss veporting/PSUR-REL-1-B-1/zas—unit-test/compare
[mkdir] Created dir: shomeszazsgmuserssystemtestsdzss sreporting/PSUR-REL-1-B-1/zasz—unit—-test work

[mkdir] Created dir: shomeszazsgmuserssystemtestsdzss sreporting/PSUR-REL-1-B-1/zas—unit—-test soutput

[mkdir] Created dir: shomerssas/gmuser/zystemtestsdss/reporting/PSUR-REL-1-8-1/sas—unit—test-/compare

[copy]l Copying 2 files to shomessas/gnuserssystemtestsdss/report ing/PSUR-REL-1-8-1/sas—unit—test

[copy]l Copying 159 files to shomessas/gmuserssystemtestsdss/reportingsPSUR-REL-1-B-1/zas—unit—test /compare

L-1-B-1/zaz—unit-test psur—unit—-test—config.cfyg
L-1-B-1/zaz—unit-test psur—unit-test—autoexec.sas
1-B-1-zas

1
1
1
1

5
5
5
b4

I
I
s
Iy

as—unit-test.execute:

as—unit—test:
[exec] Result: 1
[exec] Result: 1

BUILD SUCCESSFUL

Total time: 2 minutes 31 seconds




« Up-front validation plan detailing all formal deliverables for
the project

» Clearly defined project milestones with full documentation at
each step
— System Delivery Specification
— Technical System Design
— Test Plan
— Test Scripts



* Ant, Eclipse and CVS are simply tools to aid the development
and deployment process

* Once the application is checked out and deployed, it is purely
Java, Oracle and SAS

* They assist in the automation of certain validation steps
without impacting formal validation requirements



« The combination of Eclipse, CVS and Ant greatly enhance
the development process

— Improve cohesion

— Simplify configuration management

— Give structure to the testing process

— Simplify the deployment and maintenance processes

* These tools are not in standard use within the SAS
community but can greatly contribute both in terms of the
software and also in terms of the good practices that they
embody.



Thank you for your attention.

jeremy.fletcher@roche.com



