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Abstract

This paper discusses the SAS® MACRO used
to support the technique for data analysis
proposed by Sogliero-Gilbert, Mosher, and
Zubkof'f, Their paper "A Procedure for the
Simplification and A3sessment of Lab
Parameters in Cliniecal Trials®, Druy,
Information Journal, Vol. 20 (1986},
introduced two concepts to simplify the
display and the interpretation of lab
parameter data: 1) a normalization of each
lad parameter value so that it can be
interpreted without reference to its normal
range and 2) a multivariate scoring system
that combines lab parameters into
functionally related groups. The SAS code
used to carry out the normalization and
multivariate scoring will be provided upon
request. .

Introduction

The monitoring of 1lab parameters is
important to all elinical trials as an
evaluation of the safety of a new drug by
identifying possible abdbnormalities in any
patient(s). When abnormalities are
identified, a deeision must be made whether
these are due to the drug belng tested or to
other eircumstances. Identifying abnormali-
ties requires a knowledge of the lab normal
range for each lab parameter as well as the
laboratory used; often patients will have
different lab normal ranges for the same

parameter due to different laboratories. -

Thus, if every patient's 1lab value were
studied along with the value's normal range,
there would be a large amount of data to
inspect in order to answer the drug safety
questio?. Sogllero-Gilvert, Mosher, and
Zubkoff have proposed a way to simplify the
analysis of lab parameter data, and this
paper discusses their technique for analysis
and provides SAS® code to 1implement their
procedure.

The Simpiification Technique

The following is a summary of the
Sogliero~Gilbert, et. al. paper. Further
details of their proposal can be found by
consulting. the original paper.

TWwo conecepts wused to simplify the
assessment of lab parameters are as
follows:

1)} the normalization of lab parameters
by dividing each lab value by its
upper 1limlt of the normal range.
This range  1s established by the
laboratory producing the
measurement;

2) a multivariate scoring system that
asslgns to each patient a number
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produced from the normalized par-
ameters over a functionally related
group of parameters {(e.g., hepatic
group).

The transformation chosen for nor-
malization (i.e. division of each
value by its upper 1limit of normal
range) satisfies the following:

1) All transformed values are posi-
tive,

2) All parameters have an upper
normal limit of of 1 and all
values are bounded below by 0.

3) Values outside the upper limit
are easily found.

The 1introduction of normalization
alone enables identification of
abnormalities at the upper end by
notlng values greater than 1. However,
identificatlion of abnormalities at the
lower end is not determined independent
of the normal range lower limit; this
situation 1is corrected by observing
only the deviations from the normal
range in the multivariate seoring
system. Using the normalized wvaluss,
percents above and below the normal
raagge are easily calculated. Values
Wwithin. the normal range have a devia-
tion of 0.

For the multivariate scoring systenm,
Sogliero-Gilbert, et. al. have ersated
the Genie Score, which uses the normal-
ized deviations from the normal range
of a combination of related parameters
(e.g. hepatic -parameters, renal
parameters, etec.). The Genie Score is
a global seore for the group of func-
tlonally related parameters, indicating
abnormalities for the whole group as
opposed to an individual lab parameter.
The Geaie Score is defined as
following:

Consider a group of N funectional-
ly related lab paramenters. Let

i~ =1, ..., N parameters.

ST = measurement associated
with the i'h parameter.

¥j(yL)y = upper limit of normal
range for i
lab parameter.

Xi(LL) = lower 1imith of normal
' range for it
lab parameter.



Zy = xi/xi(UL): the nor-
malized value of Xj.

(L) = X (LL)/Xequn) the
lower limit of the

noermalized range.

Zi(uLy = 1, the upper limit of
the normalized range.

Then, let the normalized
deviation For each ith parameter be
Dj, where

Z; - 1, if Z;>1.0
Di= 0, if
Zi(LLYSZ212Z1(uL)
Zi~Zj(LL)s if Z3<Zj(LL)

Therefore, if Dj 1s positive then
X; is above the upper 1limit of the
normal range; if D;j=0 then X 1lies
within the normal range; if Dy is
negative then Xj is below the lower
limit of the normal range. The
devlations are expressed as
percentages above or Dbelow the
normal range.

The Genie Score (GS) for the

group of functionally related
parameters is then defined as
follows:
1 N
GS = Kliﬁ jz: Si Hi!nil}
i=1
where
i = 1, « « ., N.
34 =  Streteh factor =

1, if D3>0
2/Zi(LL)’ if D4<0

Wi = weight assigned to each
lab parameter.

Dj = normalized deviation.

ky = {1+0.2(NSF)), where
NSP = number
abnormal parameters.

kp = [1-0.1(N-NSP)].

K

kiako.

The weight, Wi, 1f known, is
selected to incorporate the
relative clinical importance of the
lab parameter in the functionally
related group. A convenient set of
weights would be one where the
individual weights sum to 1; these
weights should be determined by the
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person most familiar with lab
parameter values. The stretch
factor, S3i, is used Lo compensate
for the fact that small deviations
below the lower 1limit for some
parameters might be as serious as
much larger deviations above t{he
upper limit for some other
parameters. '

4 GS>0 indicates there was at
least one abnormal lab parameter; a.
GS=0 therefore indicates there were
not any abnormal lab parameters.
Interpretation of a non-zero G3
depends on the individual D;j's that
make up the GS.

Program for Calculating Genie Score

The program for calculating the Genie
Score (GS) uses PMACRO and gives as output
for each patient with a non-zero GS a
table containing -their GS for each group
of functionally related parameters at each
time of observation along with the
normalized deviation for each lab
parameter that contributes to the GS. Two
plots are available to describe the
normalized deviations and G3: a plot of
the actual values over time and a plot of
the change from baseline over time,
Additionally, bar charts of the normalized
values and GS are avallable. The tables,
plots, and charts can be outputted by an
optional classification variable (e.g.,
treatment).

This program assumes that clinieal
trials have more than one observation time
at which lab parameters are measured. and
therefore requires an observation time
variable.

The following is the MACRO ec¢all for
the GS calculations and the definition of
the MACRO variables:

$GENIE(DATSET=,  GRPVAR=,  LABVAR-,
LABVAL=, WGTVAR=, LOWER=, UPPER=,
IDVAR=, TIMEVAR=, CLASSVAR=, BYVARS=,
LABLBL=, IDLBL=, TIMELBL=, CLASSLBL=,
FMTVAR=, PLOT=NO, BASE=, CHARTS=NO);

where
DATSET = B3AS data set name. Required,
GRPVAR = Name of variable (e.g. Group,

Type, etc.) which contains
all of the group names for
the  functionally related
parameters (e.g. Hepatic,
Renal, etec.). If - this
variable is not specified the
program assumes that all of
the lab parameters are in the
same group. ©Optional.



LABVAR

LABVAL

WGTVAR

LOWER

UPPER

IDVAR

TIMEVAR

CLASSVAR

BYVARS

LABLBL

IDLBL

TIMELBL

CLASSLBL

FMTVAR

PLOT

1]

H

Name of variable (e.g. Labs,
Chemistry, ect.) containing
the lab parameter names {e.g.

.BUN, 5GOT, ete). Required.
Name of wvariable containing
lab parameter values,
Required.

Name of wvariable containing

the weights, Wi, for the
parameters that are wmembers
of the group. The default
value 1s for every parameter
to have an equal weight where

N
5w
i=1 1

Name of variable containing
the 1lower 1limit of normal
range. Regquired.

Name of variable containing
the upper 1limit of normal

range. Required,

Name of wvariable identifying

individual patients.
Required.

fame of variable containing
observation times. Required.
Name of elassification
variable (e.g. treatment).
Optional.

Name{s) of BY variables to be
used in BY statement,
Optional.

Label for the LABVAR
variable. Optional.

Label for the IDVAR variable.
Optional.

Label for the TIMEVAR

variable. Optional.

Label for the CLASSVAR

variable, Optional.

Name of the format wvariable

{ from PROC FORMAT) for

LABVAR. Optional.

NO/YES. Choose YES if plots
of each individual
patient are desired.
Gives plots of
normalized
deviations and GS
for each tinme
observation. The
plots are generated

from SAS/GRAPH®, NO
is default.
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BASE = If the input data  has
baseline values, and a plot
of change from baseline vs.

time for the Genie Score and
the normalized deviations for
each individual patient is
dasired, then define this
variable as the name of the
baseline time contained in
the TIMEYAR wvariable. For

example if the name of the
baseline time is PRE, B, O,
ete,, then BASE would be

defined as PRE, B, 0, etec.
The plots are generated from

SAS/GRAPH®, Optional.

CHARTS = No/fes. If a bar chart of
the normalized deviations and
a bar chart of GS broken down
into its weighted normalized
deviations is desired, choose
Yes. The charts are generated
from SAS/GRAPH®., No is de-
fault.

Zxample

In a clinical study with 112 patients,
drugs A and B were compared. Lab
paraméeter values were observed at a

baseline (0 weeksa}, and at weeks 2, 4, 8,

and 12. Although many lab paramsters were
measured, only hepatie parameters were
studied for this example. The hepatic

group included alkaline phosphatase, total
bilirublin, CPK, LDH, SGOT, and SGPT. The
parameters SGOT, SGPT, and LDH were
deterained clinically to be of more

importance than the other parameters and
Wwere arbitrarily weighted 3 to 1 to the
other hepatic parameters.

Table 1 shows the (S and normalized
deviation Dj for patient 1 for hepatic
parameters at each week of observation and
Figure 1 shows the values of GS and Dj
graphically. For patient 1, GS peaks at 2
Weeks with a value substantially higher
than the other GS's, and then returns to
near baseline. Inspection of the Dy for
week two shows SGOT with a value of 6.2
(620% inecrease from upper limit) and SGPT
with a value of 2,53 {253% increase from
upper limit); this indicates that these
two parameters coatributed the most %o the
week two G3  value. The D; for the
remaining weeks for SGPT sharply decrease
and remain less than 1.0 {100% increase);

5G0T, on the other hand, decreases then
begins to 1increase again. Also, total
bilirubin {(BILT} 1is steadily inereasing
over the weeks, going Ffrom 1.2 (100%

increase from upper 1limit} to 2,67 {267%
inerease), The remaining parameters also
have mnon-zero Dj with the exception of
CPK; the three most important parameters
all have nmnon-zero Dj. Therefore, for
patient 1, there may be concern with
respect to  Tthepatic safety and further



evaluationa may need to be made bo
dstermine if tLthe possible abnormalities
were due to drug received.

Table 2 and Figure 2 show the change

from baseline for the values of GS and D,

" : i

over time for patient 1. Thé

interpratation of these r2sulis are ihe
same as for Table 1 and Figure 1.

Figure 3 shows a bar chart of the
individual lab paramaters? actual
normalized deviations (before welghting)
and the GS for each week. Figure % i3 a
bar chart showing the weighted Dy for the
lab parameters as their proportion of GS,
which in turn illustrates which lab
parameters most iInfluence GS for each
week., Both figures give sgimilar infor-
mation, and both show that SGOT had the
greatest influence on the GS,

Discussion

Lab parameter data plays an important
part in evaluating the safety of a new
drug. Simplification of the diaplay of
the lab data is much desired, and the
method presented in the paper by Sogliero-
Gilbert, et. al. seems very promising.
The individual patient tables, plots, and
charts showing G5 and Di provide a concise
sunmmary of the deviations from the normal
range.

This procedure should not be the only
method used in the analysis of lab data,
but it is a good fierst approach at
answzring the safety question of a new
drug and at finding individual patients
with serious abnormalities, It provides a
preliminary summary for the c¢linician
inspeeting the data, and enables the
clinician to ignore patients with no
abnormalities {G5=0).

SAS®, and SAS/GRAPH® are registered
trademarks of SA3 Institute, Ine., Cary,
NC USA.

Re ferences
1. Sogliero-Gilbert, Gene, Ken Mosher, and

Lonni Zubkoff, 1986. A Procedure For The
Simplification and Assessment of Lab

Parameters 1in Clinical Trials. Drug
Information Journal, Vol. 20, pp.
279-296,

lote:

To obtain copies of the macro please

contact the author at the address 1lilsted
below:

Kathleen H. Arthur

Department of Biometrics
Sterling<~Winthrop Research Institute
81 Columbia Turnpike

Rensselaer, New York 12144
(518)445-8781

943

SGFT
CHANGE
FROM
BASELINE
0.0000
2.140%5
~0.2151
-0.0179
-0.0179

stor
CHANGE
FROM
PASELINE
¢.0000
4.6250
-1.4250
0.9250
0.'9250

0,0000
0.0273
0,0096
0.1583
0.1583

OH

L
BASELINE

LAB PARAMETER

0,0000
0.0080
9.0000
0.0000
0.0000

CPK
BASELINE

TABLE 2
TOTAL
BILIRUBIN
BASELINE
0.0000
0.3333
0.6667
1.6667
1,6867

HEPATIC DRUG <A PATIENT ID =1

0.0000

-0, 3527
-0. 1266
~-0.1967
-0.1967

ALKALINE
PHOS,
BASELLNE

GROUP

GEMIE
SCORE
0,0000
G.553%
~0.1197
0.1282
0.1282

“HANGE FROM BASELIME FOR GENIE SCORE AND NORMALIZED DEVIATION (m

TIME (WEEKS]

0.3329
2,5332
0.1778
0.3750
0.3750

SCPT

1.5750
6.2000
0. 1500
2.5000
2.5060

5601

3.2793
0.3067
0.2883
0,437%
0.4376

LDH

LAB PARAMETER

0.0000
0.0000
0. 0000
60,0000
0.00090

CPK

7ED | NORMALTZED| NOBMALT ZED | NORMALIZED | NORMALIZED
e R P DBEVIATION {DEVIATION |DEVIATION |DEVIATION

TABLE 1
ToTal
BILIRUBIN
1.0000
1.3333
1.6667
2.6667
2.6667

HEPATIC DRUG =4 PATIENT 3D =1

0,4918

0.1391
0, 3652
0.2951
0.2851

1]

ALKALINE
FHOS.

DEVIATION [DEVIATION

GENIE
SCORE

GROUP

GENTE SCORES AND NORMALIZED OEVIATIONS 10}

9.2263
0.7861
0. 1065
0.3544
.0.3544

TIME (WEEKS)




L44)

FIGURE 1 FIGURE 2 |
. GENIE SCORE AND NGRMALIZED VALUES V8. TIME (WEEKS) CHANGE FROM BASELINE FOR GENEL SCORE AND NORMALIZEDVALLES V8. TIME (WEEKS)
GROUP=HEPATIC DRUG =A PATIENT ID =1 GROUP=HEPATIC DRUG =A PATIENT ID =1

74 5

Mmoo Zx» T 0O

OMNHC IO
XooTw

#O

MMCr = <

m+=-CMmu> o

* DD

R

wd 4
T T T T T T T T T T T T T T T T
S 10 11 i2 o H 2 3 4 ] & 7 8 9 10 i1 12
TIME (WEEKS) TIME (WEEKS)
LAB PAHAMETER 88— ALKALINE PHODS. ' @-a-8 TOTAL BILIAUBIN LAD PARAMETER 8= ALKALINE PHOS. &—8—-8 TOTAL BILIAUBIN
+—4—+ CPK dd—dr | DH +——+ CPK d—d—& LDKH
#-9-9 S5GOT o9 S5GPT ' -89 560T & SGPT

8609 GENIE SCORE &9 GENIE SCORE



Sv6

GENEE SCORE AND NORMALIZED VALUES OVER TME (WEEKS)

TIME (WEEKS)
Q

ia

FIGURE 3

GROUPSHEPATIC DRUG =A PATIENT D 1

HORMALIZER YALUR
LAD PARAMETER

ALKALINE PHOB. Q.49
Pk 0.o0
BENIE SCORE 0.22
OH 0,28
s007T 5.7
28pT 0.59
TOTAL BILIRUBIN 1.00
ALKALINE FHOS . 0.14
CPK o.00
GENIE BCORE o.78
LOH o.34
el
saot &, a0
TOTAL BILIRUBIN 1.82
ALKALINE PHOR®, 0.37
[+ 3 o.o0
GENIE 8CCORE 0.44
LDH 0.3
BEoT 0.18
aePT 0.i8
TOTAL BILIRUBIN 1.47
ALKALINE PHOS, 0.53%
= o.40
QENIE S8CORE 0.09
LDH 0,44
saot .80
0RT 0.38
TOTAL BILIRMIN a.87
ALKALINE PHOB. 0.30
CPK 0.00
BENIE BCORE 0.38
LBH 0.dd
8G0T a.oe
AGPT 0.38
ToTAL BILIRURIN E.O7

T T T
° 4 2 a 4 L] -] 7

HNOPMALTZED YVALUES

FIGURE 4

GENEE SCORE BROKEN DOWN BY NORMALIZED VALUES OVER TIME (WEEKS)

GROUP=HEPATIC DRUG =A PATIENT ID =1

GENLIE SCORE
TIME (WEEKS}

0 ; 0.23
1/
7 N
2 0.79
: NN
4 E;: 0.11
12E S 0.35
I

L DL AN I LA TR A R |
0.0 0,4 0.2 0.3 0.4 0.5 0.6 0.7 0.8

GENIE SCORE

LADB PARAMETER T ALKALINE PHOS. 27774 cPK
LCH DO s60T
SN sePT [ TOTAL BILIAUBIN



