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ABSTRACT

Creating and validating a dataset can be a difficult and time-consuming task, particularly when information being
combined into one variable is pulled from various datasets. During validation being able to easily identify where a
mismatching value is sourced can significantly reduce time spent in investigations. This paper presents a macro that
can identify the source variable of the value selected and can be used to apply different processing rules and criteria
to groups of datasets using last known alive date as an example.

INTRODUCTION

Clinical trials collect data in many different formats which can make evaluating information across multiple datasets
challenging. While it is possible to combine various dates from different source datasets using a proc sql statement,
when the number of datasets increases, the code can become complex and difficult to manage making debugging
while developing the code challenging. The macro detailed in this paper provides a method for not only selecting the
maximum date from multiple datasets but also a way to identify the source dataset and variable name of the value
selected.

Although this paper focuses on calculating the last known alive date as an example, the macro is equally applicable
to different situations. For example, a time to event dataset might need to pull dates from various sources and select
either the maximum or minimum date. This macro is also useful when programming with unclean data as it aids
investigations into issues.

The ‘Last Known Alive’ date is a CDISC ADaM variable stored in ADSL which holds the last recorded date for a
subject, prior to a (possible) death. It is derived by selecting the maximum date from various source datasets (which
should be detailed in the dataset specification documentation) such as start/end dates of adverse events and
concomitant medication and disposition events, however it is important to not include dates in the selection related to
death information.

Care must always be taken when choosing variables to be considered for last known alive date, to be sure the
intended meaning of the data is understood and maintained. Review of the date variables used is usually more time
consuming than programming for the selection. For example, Investigator Signature Date on a Subject Summary
page can be commonly misunderstood to be the date on which the investigator filled in the data and therefore if
death is not listed could be thought that the subject is still alive at that point. However, the Investigator's Signature is
usually required to confirm that the Investigator has reviewed all the data reported and deems it to be complete and
accurate — a review which may be performed months after a subject has completed the study, and therefore the date
should not be considered for the Last Known Alive calculation.

THE %ALIVE MACRO

If double programming is used as the method of validation, then the macro code would either have to be
independently validated before being used on both production and validation, or if the macro is not independently
validated then the macro should be used either for production or validation and would probably be most useful to the
validation programmer. The structure of the datasets created by the macro would allow the validation programmer to
see the maximum event date selected from each dataset of interest for every subject and the source of that date.
This means when they are validating ADSL, they can provide more information to the production programmer to
resolve mismatches. For example, they would be able to see the date they have selected as the maximum was the
end date of an adverse event two years in the future, whereas the date the production programmer has selected may
match the start date of an adverse event. This narrows the investigation for the validation programmer to the adverse
event dataset and shortens the time the production programmer needs to spend reviewing their code to identify any
issues.

The macro is designed so only one call per dataset is needed, regardless of the number of event date variables of
interest. All names of event date variables are entered as a space delimited list within the call to the macro, which is
then parsed and the macro cycles through the code for each event date specified. Due to the number of different
source datasets and the potential for the subject identifier to be recorded under different variable names the macro
also includes a parameter to specify the variable that should be used as the subject identifier.
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The macro variables are set up with no immediate defaults as follows:
$macro alive (ds=, date=, sub=);
ds = name dataset of containing the date variables
date = name(s) of event date variables of interest. Multiple dates from the same dataset can be listed separated
with a space
sub = subject variable used in the dataset e.g. pt or subjid

Within the macro, a reference dataset called death is used to identify the subjects with a death date so that last
known alive date is derived for subjects that do not have a death date populated.

Before the macro is called the reference dataset is sorted by subject, and only the subject identifier and reference
date are kept. At the end of the process, the reference dataset will be merged with the datasets created by the
macro, so the subject identifier is renamed to a standard variable name; in this case, subject.

The macro begins by reading in the date parameter specified in the macro call and scanning through each variable
in the list and executing the code for each variable. The full code is available in Appendix I.
$let i=1;
%$let dt=%scan (&date, &i, S%$str( ));

o)

$do $while (%superqg(dt) ne Sstr( ));

The macro sorts the dataset of interest by subject and descending event date. At this point it is would be possible to
adapt the code and apply any specific criterion required, though none is shown in the example. For example, if some
datasets of interest require a selection clause, or if the event date of interest is in date/time format and only the date
is required. The sorted dataset is then used to create the standard subject variable, as per the reference dataset,
and a new variable called ‘origin’ is created by combining the dataset of interest and the event date. The ‘origin’
variable will be the identifier in the final dataset of where the date originated.
data &ds. 1 &dt.a (keep=subject origin &dt.);
length subject $100.;
set &ds. 1 &dt.;
subject=&sub.;
origin=catx(".", "&ds.", "&dt.");
run;

The reference dataset is then merged to the dataset created above and records are kept if they are in the dataset of
interest and the event date is less than the reference date or the reference date is missing.
data &ds. 2 &dt.;
merge &ds. 1 &dt.a(in=a) death(in=b);
by subject;
if a and (&dt. < dsdt or dsdt eq .);
run;

Once the datasets are merged, the macro checks if the merged dataset has any observations before transposing to
display one record per subject and origin. Due to the descending sort used on event date of interest, once the
dataset is transposed the first column displays the maximum event date for each subject. The final dataset created
in the macro uses the transposed dataset and keeps the subject identifier, the origin and column 1, which is
renamed to date.

data dataset &ds. &dt. (keep=subject coll origin rename=(coll=date));
set &ds. 3 &dt.;
run;

The macro will then rescan the date parameter and move onto the next event date of interest in the list.
$let i=%eval (&i+l);
$let dt=%scan(&date, &i, Sstr( ));
%end;
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The macro must be called for each dataset and event date variables as outlined in the dataset specifications. An
example of two calls is show below.

%alive (ds=addltr, date=lymedt lymsdt, sub=pt);

%alive (ds=assesmnt, date=asesdt , sub=pt);

This will produce one dataset per event date variable showing the subject identifier, the origin and the maximum

event date variable. The dataset name will be the dataset of interest and event date. The datasets below show the
output of running the two macro calls above.

WIEMTABLE: Wark Dataset_addltr_lyrmedt

Subject identifier | ORIGIN |  DatE |

1 [mz1001 addltr lyrmedt 18MOV2016
2 |motooe additr lyrmedt IMAR2017
3 |o21r1o04 additr lyrmedt 30MAY 2018
4 |nzz100 additr ymedt 29M0V2017
5 |nes100z addltr yrmedt UL 7

E  |0251008 additr lymedt 4DEC2017
7 |nesto07 addltr lyrmedt 09N 2017
g |nzs1001 addltr lyrmedt 120CT2017
3 |ozato01 additr lyrmedt 03UL2017

n n=11nm addltr lrnsdb PMAARPT

WIEMATABLE: Wark, Dataset_addltr_bermsdt

Subject identifier ORIGIN DATE
1 021001 addltr izt 02JUNZ016
2 0182001 addltr izt 16DEC2015
3 0131002 addltr lprnzdt 29MARZ0TY
4 0211004 addltr. wrnzdt OFMAY 2018
] 0221001 addltr prnzdt 2OV 2017
B 0251002 addltr lprnzdt 28DEC207
7 0251005 addltr. lymizdt 18aUG2M7
] 0251007 addltr izt 16MAY2015
3 0261001 addltr. lprmzdt 18M0Y2017

E} WIEMVTABLE: Wfork.Dataset_assesrmnt_asesdt

Subject identifier ORIGIM DATE
1 oE10m azsezmnt azesdt 03MaR2017
2 01210m azzezmnt azesdt 24mMA 2016
3 0121002 azzezmnt azesdt 034PR201E
4 0121003 azzezmnt azesdt 021UM2018
3 o1a1om azsesmnt. azesdt 154PR 2015
G 01820m azsesmnt. azesdt 121UM2018
7 0191002 azsezmnt azesdt 2BJaMN2M T
g 0191003 azsezmnt azesdt 0sDEC2ZMYT
9 02110 azzezmnt azesdt 246PR2013
10 0211002 azsezmnt azesdt 02DEC201E
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SELECTING THE LAST KNOWN ALIVE DATE
Once all macro calls have completed, the resulting datasets (dataset_&ds._&adt.) are all set together and sorted by
subject number and descending date.
data all;
set dataset :;
run;

proc sort data=all out=all_ s;
by subject descending date;
run;

[

E} WIEMYTABLE: Wifark 2l_s

Subject identifier ORIGIM DATE
1 oe10m azzezmnt azesdt 03MAR2017
2 012100 addltr lprmedt 18MOW 2016
3 01210 addltr [ymadt DZIUM 2016
4 01210m azsezmnt azesdt 24Mey 2016
4] 0121002 azsezmnt azesdt 03APR2016
B 0121003 azzezmnt azesdt N2JUM2013
7 01e10m azsezmnt azesdt 188PR2015
2 01820m azzezmnt azesdt 12JUM2018
9 01a200 addltr [przdt 1EDECZ2015
10 0131002 addltr lymedt A0MARZ2017
11 0191002 addltr [prazdt 29MaR2017
12 0191002 azsezmnt azesdt 2RJAN20TT
13 0191003 azzezmnt azesdt MaDEC2017
14 02110 azsezmnt azesdt 248PR2018
15 0211002 azzezmnt azesdt N2DEC2016
16 0211003 azzezmnt azesdt MJUM2013
17 0211004 addltr lymedt A0kdAY 2018
14 0211004 addltr [prazdt OFkdAY 2013
19 0211004 azsezmnt azesdt 2AS5EP2017
20 0211005 azzezmnt azesdt 1eAPR2013

The dataset above now has the maximum event date from all dataset/variable combinations for each subject sorted
by descending date. To find the maximum date and therefore the last known alive date the first record for each
subject is selected.
data max date;
set all s;
by subject descending date;
if first.subject;
run;
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gk IEMVTABLE: Wark Max_date

Subject identifier | ORIGIM DATE
1 aoE1am azzesmnt azesdt 03maR 2017
2 012100 addltr lymedt 18MOW 2016
3 21002 azzesmnt azesdt N34PR2016
4 21002 azzesmnt azesdt D2JUN2018
5 menm azzesmnt azesdt 184PR2015
5 0182001 azzesmnt. azesdt 12JUNZ2018
7 0131002 addltr lymedt A0MaR2017
g ooz azzesmnt azesdt NeDEC2017
9 021100 azzesmnt azesdt 246PR2013
10 0211002 azzesmnt azesdt 02DEC2016
11 0211002 azzesmnt azesdt o1Jur2013
12 0211004 addltr lpredt A0kAY 2018
13 0211005 azzesmnt azesdt 1EAPR2013
14 0211006 azzesmnt. azesdt 14hay 2018
15 022100 addltr lymedt 29O 2017
16 025100 azzesmnt azesdt 138PR2013
CONCLUSION

Macros can provide a quick and effective solution to repetitive code and have the functionality to incorporate different
rules and criteria for different datasets or variables. As discussed above, the macro can be applied to any analysis
that requires selecting from multiple dates in multiple sources. This example was from a study that was not fully
CDISC compliant, however depending on the situation the code could be altered to take advantage of the SDTM and
ADaM naming convention and sashelp.vcolumn to automatically identify all date variables in the database for
processing.

The %alive macro discussed here helps to identify which dataset and date variable combination has been selected
from the large number specified in the derivation of last known alive date in ADSL. When discussing any
discrepancies in the values used for last known alive date, the most useful dataset to refer to is the all_s dataset
shown above, as this shows every date variable for every subject in descending order and has the unique identifier
which displays the source dataset and date variable of each value.

One recommendation would be to add in code to delete the individual datasets coming from the %alive macro once
these have all been set together to create the dataset all_s as shown above. This will free up memory within SAS
and will help making navigating to datasets easier. This has been commented out in the code provided in the
appendix for ease of traceability for the unfamiliar user.
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APPENDIX |

KAk Ak hkhhhkhhhk bk hhhhhrhkhhbhhdh A hk bk bk hhkhkhhhk bk hkhkhkhhhk bk bk dhkrhkhhkhhkdhhkhkhkrhkhkrhkhkhxhkrhkhkkhhdk
* FILENAME: ALIVE.SAS

* DEVELOPER: Melanie ONeill

* PLATFORM: SAS 9.3

*

* PARAMETERS:

* ds = is the dataset of containing the date variables

* date = event date(s) of interest.

* sub = subject variable used in the dataset e.g. pt or subjid

*
Ak hkhkhkhk kA hhk A hhkhhkhkrhhkhkhhAhhrhhkhhhkrhhkhkhkhhhkhkrhhkhhhkhhkhkhkhhhkhkrhkhkhkhhkrhkdhkhkrhkhkrhkkhkhkhkxkkx

**% ALIVE macro to identify last known alive date ***;
*** create standard subject variable within reference dataset (death dataset) and sort
by subject. This dataset can then be merged to datasets being called within the alive
macro ***;
proc sort data=trans.dth out=death (keep=pt dsdt rename=(pt=subject));
by pt;
run;

%$macro alive (ds=, date=, sub=);
$let i=1;

*** gcan through each value entered in the date string within the macro call***;
$let dt=%scan (&date, &i, %$str( ));

*** check this has not returned an empty string, if not then continue with process***;
%do %while (%superqg(dt) ne S$str( ));

*** gort dataset of interest by subject and descending event date, the first record
will hold the maximum available event date ***;
proc sort data=trans.é&ds. out=é&ds. 1 &dt.;
by &sub. descending &dt.;
where not missing (&dt.);
run;

*** create standard subject variable and assign a standard length, as multiple
datasets are being used there could be various lengths that will cause a log message
when all datasets are combined
create origin variable that combines dataset of interest and event date. this will be
used as an identifier within the final overall dataset ***;
data &ds. 1 &dt.a (keep=subject origin &dt.);
length subject $100. origin $50.;
set &ds. 1 &dt.;
subject=pt;
origin=catx(".", "&ds.", "&dt.");
run;

*** merge reference dataset and keep records that are in dataset of interest where
reference date is missing. ***;
data &ds. 2 &dt.;
merge &ds. 1 &dt.a(in=a) death (in=b);
by subject;
if a and (dsdt eq .);
run;

*** check that merged dataset has records before attempting to transpose ***;
proc contents data=&ds. 2 &dt.
out=contents (where= (upcase (name)="SUBJECT")) noprint;
run;

proc sgl noprint;
select NOBS into: obs from contents;
quit;

%1f & obs. > 0 %then %do;
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*** transpose dataset to get one record per subject ***;
proc transpose data=&ds. 2 &dt. out=&ds. 3 &dt.;
by subject origin;
var &dt.;
run;

*** keep first column from transposed dataset as this will have the latest available
event date ***;
data dataset &ds. &dt. (keep=subject coll origin
rename= (coll=date));
set &ds. 3 &dt.;
run;

$end;

*** cycle to next variable in date string ***;
$let i=%eval (&i+1);
%$let dt=%scan (&date, &i, S%$str( ));
$end;

*** remove intermediate datasets (optional) can be used once program has been
developed to help clear up library space ***;

/*proc datasets lib=work;*/
/*delete &ds. :;*/
/*quit;*/

/*run;*/

$mend alive;

%alive (ds=addltr, date=lymedt lymsdt, sub=pt);
$alive (ds=assesmnt, date=asesdt , sub=pt);

*** get together all datasets created by the alive macro, these datasets will have the
maximum event date from each dataset of interest ***;

data all;
set dataset :;
run;

*** sort by descending event date across all datasets of interest ***;
proc sort data=all out=all s;
by subject descending date;
run;

*** gselect the first record per subject, this will be the maximum even date available
across all datasets of interest ***;
data max date;
set all s;
by subject descending date;
if first.subject;
run;



