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Traceability - Definition

“Traceability refers to the completeness of the information about every step
in a process chain.” (Wikipedia)

m Data becomes traceable if sequence of source data - transformation logic -
target data is available for the whole study

m If Traceability Metadata are available for a whole study, it should be possible to
reproduce the study results.

® Traceability on different level:
= File level - focus in this presentation
= Data set level

= Data item level
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Why traceability?

m All electronic data processing steps are reproducible

m Comprehensive and submission documentation for HA reviewers
®m Answer authority questions quickly

m Efficient and fast investigations even years after study reporting
m Working together in teams

®m High quality



An unexpected urgent inquiry .....
A typical atypical case

Table 8-23: Duration of medication A as pre-medication of the index pulmonary
embolism before randomization {(ITT ponulation)
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Who the
heck did
this?

Where do
| find the
program?

What are the
algorithms
that were
used?

What was the
RAW data that the
analysis was

derived from?

From what year is
this? Was | even in
the company?



Question: How do | find the program?

Table 8-23: Duration of medication A as pre-medication of the index pulmonary
embolism before randomization {ITT population)

l.'.lrug. 1
n= %19 (100%)

Drugu 2
n = 2413 (100%)

Duration pre-medication of
the index  (categorical)
No pre-medication

182( 7.5%)

190 ( 7.9%)

1 day 1754 ( 72.5%) 60( ."2.9%)
2 days 460 ( 19.0%) 43 ( 18.4%)
>2 days 23( 1.0%) 20{ 0.8%)
Duration of (LMW) pre-medication of
the index  (days)
Mean 1.14
Standard deviation 1.56
Minimum 00
Maximum 70

Lost without a trace!




Output - Footer

®m Each Output file (table/ listing/ figure) ALWAYS has to have an ID footer with:

& A Keyword so that tools can identify the ID footer
L, SAS program name and path

% program status (draft/final)

% user id (optional)

% date and time stamp

®m Graphics: create vector graphic files instead of pixel graphics
—> footer and title are still readable by tools

m RTF files: ID footer is not stored in the document footer but in the document body

®m Footer has to stay with the output everywhere it is used

@
)
=>» Quickly trace back to SAS program. Even after years

() ES



Analysis file naming

D

Prog

ﬂae sas

ae.sas/bdat
@Cmed.saﬂbd a ﬂae corrected.s2
E}pat.sas?bdat _’Jae_new.sas

Elae_old.sas
Ebertha sas
ﬂlabor sas

Eeg.sas?bdat
Elab.sas?bdat
Eﬂexp.sas?bdat

> ‘CI\A

ﬂreport sa
®]table14_3/7.sasZ

Eﬂbabnv.sas
}gﬁbshift.sas

[

ﬂlaborplot sas (I\ /

Outdat

i- | ae.sas7bdat
-1 endpoint.sas7bdat

-~

N

FR)14_1_6_1to6_2titt.Ist
FA14_1_7_1to7_2titt.Ist
FR)14_1_8_1to8_2titt.Ist
FA)14_1_9_1tog_2titt.Ist
@Jaetaon.rtf

W aeta072g.rtf
Weffto3.rtf

@_]gentl Lrtf

W jabto1L.rtf

¥ nar09-10916-1027.rtf
W nar09-10916-1028.rtf
¥ nar09-10916-1030.rtf
@Jsecﬁon 16_1_9.doc




Analysis file naming (2)

il
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> '
L)
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PROGRAM NAMING CONVENTION

® Meaningful program names — so that others can make use of it
-> this improves team work and helps reviewers

® 1:1 - Program name = output file name= output data set = log file name
1:n - Program name = beginning of output file name
-> this ensures a quite good quality of Output File Traceability
m Define SAS macro variable &progname and use it whenever output file name
have to be specified or referenced
-> this ensures consistency regardless of potential program name changes

m Use CDISC domain abbreviations (AE, CM, DM, ...) in program names

® More company internal naming rules as deemed helpful



Program header

\x,{\

)
@ *** study: 12345/ project: e P PP
@ program name: table-ae.sas R
pecs ?2?? ol author???

~5 validation: May 2012 % e
*** modified:  Oct 2012 e

********************************************/

/*******************************************

%let progname = table-ae-corrected.sas;



Program header (2)

® The only thing worse than no header is a wrong header

®m A correct and complete header can be quite a task and it's known to be not a
favorite job of a programmer

m Typical header metadata are: Author, purpose, SAS version, source data, output
data, external macros, output files (ASCII, graphics....), global macro variables,
options changed, validation level

®m Fat or thin program header?
For the sake of reliable header:
= Reduced to what is really useful
" No redundant information
- source of inconsistencies

—> work to collect
—>unless automatically filled by the program editor

Amount of rules



Program header (3)

*hkkkkkkkkkhkkhkhkhkkkkkhkkhkkkkkhkkkkkkkrrkkkkx

**k* *kkkk*k

study: 45/ project:
program name={able-ae.sas

SpeCS *kkkk*%k
*** validation: May 201
*** modified: O

kkkkkkkkkkkkrkk ***************************/

%e

**k* *kkkk*k

**k*

progname = table-ae-corrected.sas;

/*******************************************

*** study: 12345/ project: phuse ~ ******/
s1let progname = table-ae.sas;

[*** specs:
*** author:
*** date:

adverse events table ******
bertha *kkkkk*k
Oct 2012 i

*******************************************/



Backward Traceability
...programming rule based

&hmg T ceq bﬁé’é i

Table 25 3 Numbee ¥} Qs AE'S dradae.gos
% ¥ Shady A BC;

() ‘ ok Name : d=ad
f"*”f‘&fﬂx:c&a&wh

&% hubor : é-d&af‘

Dot ROS.odae;

Ke(g_}d}m.dz& ’_

DM

Toder: .. /[prg/4~0e.cas A.Dec 2008 Jﬁbﬁf
~7,
o > =
(’ N
</ R



Backward Traceability
...programming rule based

Boceward Traceg bty
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Backward Traceability
..programming rule based

Boceward Traceg bty
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ANALYSIS BUBBLE

Ensure an uninterrupted chain of source and targets in chronological order

_— .
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Data before
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into target data
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Environment



The goal is to find a
user friendly way to
reach complete

analysis file traceability

Map_adlb.sas

S

Map_adlb.log

TIf_Ib.log \

A




Ways to achieve Analysis File Traceability (2)

Way 1) Programming Rule and File System

= Good naming convention to get between program and outputs
= Qutput footer as a backward link to the SAS program.

= Program header to document program author and purpose

= From file system take file path and modification time stamp

—>Limitation: Input data sets and other input files
Programming rules have to be followed STRICTLY

= Define macro variables in the program header
for each input and output file

%letindat1 = sdtm.ae;
%let indat2 = thes.meddra;
%let outfile1 = Ib-plot1.emf;
%let outdat1 = ads.adlb;

Way 2) Manual tracking of input and output files 3\\‘\/%

—>Limitation: Manual overhead, quality?




RTrace - Traceability

Way 3) SAS Code parser

Tool that scans programs, log and output files for key words to detect links
between programs, macros, data sets, output files

DATA ads.adae —> ads.adae is written (OUT)

SET oad.lb - oad.lb is read (IN)
%INCLUDE "&prgdir/t-ae.SAS" - sub-programs used (IN)
->Limitation:

= Effort to get such a tool, ignore comments and program header
= Difficult to get 100% of all INs and OUTs (file names created per macro loop, or dynamic
number of figure files (mprint file helps)

Way 4) RTRACE M !lc

Embed SAS programs within RTRACELOC option to protocol all input and output files \rf\

Q)a ’
OPTIONS RTRACE =ALL RTRACELOC = "&logdir./mytrace.log;

*** run all sas programs here ***;
OPTIONS RTRACELOC = "/dev/null"; //



RTrace

i="ile closed: /by-sasp/patdb/projects/de03757/310101/stat/test_1/results/t-eff-primary.|st
File closed: /by-sasp/patdb/projects/de03757/310101/stat/test_1/pgms/t-eff-primary.sas
File referenced: /by-sasp/patdb/projects/de03757/310101/stat/test_1/pgms/t-ex.sas

File opened: /by-sasp/patdb/projects/de03757/310101/stat/test_1/pgms/t-ex.sas
File opened: /opt/SAS-El/by-sasp/sas91/sas91/sashelp/vtitle.sas7bvew
File closed: /opt/SAS-El/by-sasp/sas91/sas91/sashelp/vtitle.sas7bvew

File opene: 5| Unnamed1.sas | 1| #runall-14371-ads-derivatior ysas7/_titles.sas7bdat.Ick
E::: gp::z Al <- /by-sasp/paédb,,";;>r_<)JectsA/"S65023,’14371/5tat,/'test,"pgms/d-advs.sas as7/#f7436.sas7butl
o b -|§) <- Jby-sasp/patdb/projects/865028/14371/stat/test/pgms/d-adsl.sas '

ile opene = i as7/#tf7437.sas7bndx.Ick
File closed S <- foy-saspjpatcbfprojects/865026/14371 fstat/test/datajadmeta/adsl.cas7odat W74 36 = a5 bu
File closed B <- Jby-sasp/patdb/projects/865028/14371/stat/test/data/adsmeta/ad.sas7bdat ST/Hf7437 sas7bndx.Ick
File closedl | 5] <- Jby-sasp/patdb/projects/865028/14371/dm/pre_prod/data/ad/ds.sas7bdat
File opene 5] <- Jby-sasp/patdb/projects/865028/14371/dm/pre_prod/data/ad/ta.sas7bdat
File opene 5] <- Jby-sasp/patdb/projects/865028/14371/dm/pre_prod/data/ad/ex.sas7bdat
File closed 51 <- Jby-sasp/patdb/projects/865028/14371/dm/pre_prod/data/ad/se.sas7bdat

5] <- /by-sasp/patdb/projects/865028/14371/dm/pre_prod/data/ad/dm.sas7bdat

51 <- Jby-sasp/patdb/projects/865028/14371/stat/test/data/ads/advs.sas7bdat
] <->/by-sasp/patdb/projects/865028/14371/stat/test/data/ads/adsl.sas 7Tbdat
5] <- Jby-sasp/patdb/projects/865028/14371/dm/pre_prod/data/ad/xg.sas7bdat
5] <- Jby-sasp/patdb/projects/865028/14371/dm/pre_prod/data/ad/su.sas7bdat
‘5] <- /by-sasp/patdb/projects/865028/14371/dm/prod/metadata/dm.sas7bdat
{51 <->/by-sasp/patdb/projects/865028/14371/stat/test/data/ads/fmt_hpux.sas7bcat
[} ] <- Jby-sasp/patdb/projects/865028/14371/stat/test/pgms/d-adae.sas
] <- Jby-sasp/patdb/projects/865028/14371/stat/test/data/adsmeta/adae.sas7bdat
5] <- Jby-sasp/patdb/projects/865028/14371/stat/test/data/adsmeta/ad.sas7bdat
5] <- [by-sasp/patdb/projects/865028/14371/stat/test/data/ads/adsl.sas7bdat
5] <->/by-sasp/patdb/projects/865028/14371/stat/test/data/ads/adae.sas 7bdat
5] <- Joy-sasp/patdb/projects/865028/14371/stat/test/data/adsmeta/adsl.sas7bdat
5] <- Jby-sasp/patdb/projects/865028/14371/dm/prod/metadata/ae.sas7bdat
5] <- Jby-sasp/patdb/projects/865028/14371/dm/prod/metadata/dm.sas7bdat
=] <->/by-sasp/patdb/projects/865028/14371/stat/test/data/ads/fmt_hpux.sas7bcat

- read write € read —>write



R -

§951

- Joy-sasp/patdb jprojects/865028/1437 1/stat/test/pagms/d-advs.sas

<- /by-sasp/patdb/projects/865028/14371/stat/test/pgms/d-adsl.sas

] <- Jby-sasp/patdb/projects/865028/14371/stat/test/data/adsmeta/adsl.sas 7bdat

[T <- Jby-sasp/patdb/projects/865028/14371/stat/test/data/adsmeta/ad.sas7bdat
[T <- by-sasp/patdbprojects/865028/14371/dm/pre_prod/data/ad/ds.sas7bdat
[ <- Jby-sasp/patdb/projects/865028/14371/dm/pre_prod/data/ad/ta.sas7bdat
[} <- Jby-sasp/patdb/projects/865028/14371/dm/pre_prod/data/ad/ex.sas 7bdat
[ <- by-sasp/patdb/projects/865028/14371/dm/pre_prod/data/ad/se.sas7bdat
[T <- Jby-sasp/patdb/projects/865028/14371/dm/pre_prod/data/ad/dm.sas7bdat
[ <- Jby-sasp/patdb/projects/865028/14371/stat/test/data/ads/advs.sas 7bdat
-[5] <->/by-sasp/patdb/projects/865028/14371/stat/test/data/ads/adsl.sas7bdat
[T <- Jby-sasp/patdb/projects/865028/14371/dm/pre_prod/data/ad/xg.sas 7bdat
[ <- by-sasp/patdb/projects/865028/14371/dm/pre_prod/data/ad/su.sas7bdat
[ <- Jby-sasp/patdb/projects/865028/14371/dm/prod/metadata/dm.sas7bdat

-

-{7] <->/by-sasp/patdb/projects/865028/14371/stat/test/data/ads/fmt_hpux.sas7bcat

<- by-sasp/patdb /projects/865028/14371/stat/test/pgms/d-adae.sas
[ <- Jby-sasp/patdb/projects/865028/14371/stat/test/data/adsmeta/adae.sas7bdat

[ <- Jby-sasp/patdb/projects/865028/14371/stat/test/data/adsmeta/ad.sas7bdat
[ <- Jby-sasp/patdbprojects/865028/14371/stat/test/data/ads/adsl.sas 7bdat
[ <->/by-sasp/patdb/projects/865028/14371/stat/test/data/ads/adae.sas 7bdat
-] <- Joy-sasp/patdb projects/865028/14371/stat/test/data/adsmeta/adsl.sas7bdat
[T <- by-sasp/patdb/projects/865028/14371/dmfprod/metadata/ae.sas 7bdat

~[5] <- Jby-sasp/patdb/projects/865028/14371/dm/prod/metadata/dm.sas 7bdat

—

| <->/by-sasp/patdb/projects/865028/14371/stat/test/data/ads/fmt_hpux.sas7bcat



Solution BN

...for Analysis traceability on file level &5

RTrace C 3‘\{}/\//1 /P‘?
" Whare? &-ﬁ /

| * How? D Sd
\ * Input and Output
Program
Header File
~ + Who? System
« How?
» Purpose, \ * When?
specs

N




Impact Analysis

®m Chronological order of all objects in
the work flow

® What impact has a data update?

m Typical cases in statistical analysis

where impact analysis can be helpful:

= |n case of a data base reopening
where data changed

= |[n case SAP supplement or
specification update that lead to
updated SAS programs

B Observe input folders for new input
files that aren’t used. called loose
ends.

Impact analysis on file level

@@@!
s

outdated

A A

dutdated |outdated [outdated
- Jj Y




Consistency and plausibility checks

J Automatic checks should be performed over all
collected metadata

J Metadata available redundantly = cross checks
to ensure consistency

1 Check for example that:

v’ ...possible input and output files documented in header
are in sync or even update header automatically
(before productive run)

v’ ...SAS Dataset name are not longer than 8 characters

AN

...program name = beginning of output file names

AN

...all used files are stored in the analysis bubble or
standards area

v’ ...only validated and release data and programs were
used in the productive run

v" ...no loose beginnings or loose ends exist



Lost without a trace....

&Iy
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