-A198 982 DEVELOPNEUT OF MICROCOMPUTER NETHODS FOR ANALYSIS AND 1
INULRT!ON CLIN] (U) DUKE UNIY DURHAM NC DIV OF
LINICAL PHARMACOLOGY T D BJORNSSON ET AL 29 RPI! 85
UNCLASSIFIED DRH017 80-C-088086




Lo dad-A0 4

-
>
Fa
A
o
-.\
-
“

-

“&

«
v b

O

-
Fols
o

-

n
Ry

Krar's

»

o
%

-

'
(S

i
i

ra

'.,‘._‘Q,‘a ®!

""52 |

h

e

-

=

l\ )l'.) ‘.. ‘

o~

Lol

MICROCOPY RESOLUTION TEST CHART

el

! e U-& \

v

. 'i"l, ‘l'

,.
RS
Vet s

‘l ’.l

@

L
\3

.' ."-'s'-\“ 'l

..

SX0

W, .
\

) (U
4 a i :‘

¥ €A
£ |'.M’.

@4 .' o ® ® ® ® o o ® o o . o o ®
o - : T AV R T TS T
v “*l‘:}‘, -O‘_:w. i ﬁ-s A _,.-s NNM -\ﬁ ~ _,, <20 ;:E: 0
o NS HERLGE o~ ‘V"ﬂ" rnah!
; "' TRy VGRSt nt Sttt y c':'ﬂ. ...
»"‘n r..o » ot 000,30 W AT 4% 0%, 0 ‘. L “o + “.‘Q "l' ‘




A4S

S5 5k

3 ‘5_5"-_‘;

| g
b e ts te 0 e ls

AD-A190 902

5';‘;';’;";'-' .

-
Sl i AN,

£

DAAR
.

.
L

~

AR

L 2P

a

.4. w.<..
CaAAAS i@ AT S Y,

e’y 2 4 8 2

-
»
*

@
e @

>

";'. Al ‘9.1'.4"-“

- SV R N ]
HIE D AT VAR P L
I N0 N Y R N

I Y
\ '\’5*"-.‘I'

DEVELOPMENT OF MICROCOMPUTER METHODS FOR Unc F
AZALYSTIS ASD STHULATTON OF CLINICAL ILE COP}

PEHAISIACOKINETIC DATA RELEVANT TO
NEW DRUG DEVELOPMENT

ANNUAL REPORT

THORIR D, BJORNSSON
ROBERT WAGONER

APRIL 29, 1985

Supported by

C.S. ARMY MEDICAL RESLEARCH AND DEVELOPMENT COMMAND
Fort Detrick, Frederick, Marvland 21701-5012

Contract No. DAMD]7-80-C-0006 D l lC

ELECTE
JAN 2 5 1988

Duke University cCre
Division of Clinical Pharmacology H
Durham, North Carolina 27710

Approved for public release; distribution unlimited.

The findings in this report are not to be construed as an official
Department of the Army position unless so designated by other
authorized documents.,

-}\}\.' ~




[ v — e —— e e - e e —

O v L LRITY T ASS Ry A""N F TS B AN Whao ata Fntearad) . . ‘/ K o
N -
s \ [ READ INLTRUCTIONS
e REPORT'DOCLMENTA1WQN PAGE BEFORE COUPLETING 5 OR W
) T REFORT NUMDER TV GOV ACCELSION bl 3 et k1t W1 CATAL DG MU, &

-

N
" 4 TITULE rand Subtitie) s TTYPL OF REPORT 8 PERIGD 2 HvERLD
o«

': Development of Microcomputer Methods for Analvsis 1 Juan 1984 30 Apr 1985

< and Simulation of Clinical Pharmacokinetic Data Annual

5 Relevant to New Druy Developrent 6. PERFORMING ORG. REPCRY NUMBER

- :

=

< .

- 7. AUTHOR(s) B. CONTHACT DR GRANT NUMGE R/ 8"

X Thorir D. Bjornsson, M.D.

“ Robert Wagoner, B.S.

» - < a - N

.:. DAMD17-80-C-0006

S 9. PERFORMING ORGANIZATION NAME AND ADDRESS . PROGRAM ELEMENT, PROJECT, TA5SK
~ Division of Clinical Pharmacology AREA & WORK UNIT NUMBERS
\ <. -~
N s . o 62770A.3M162770A871.AF .05
: Duke Universityv

: Durham, NC 27710
L)
K 1. CONTROLLING OFFICE NAME AND ADDRESS 2. REFCRT DATE
b . . 29 April 1985
L. C.S. Army Medical Research & Development Command 29 Ap
L. . - . e 13, NUMBER OF PAGES
- Fort Detrick, Frederick, MD 21701-5012 9
K :, 14. MONITORING AGENCY NAME & ADDRESS({f ditlerent from Contirolling Office) 15, SECURITY CL ASS. (of this report)

'. Unclassified

s 15a. DECLASSIFICATION, DOWNGRADING

¢ SCHEDULE

<

p] 16. DISTRIBUTION STATEMENT (of this Report)

o

L]
(J Approved for public release; distribution unlimited.
o

'~
- 17. DISTRIBUTION STATEMENT /of the abatract entered in Block 20, 1t dilferent from Repor:)
i
i

- 18. SUPPLEMENTARY ROTES

w,

LN

",

"

4

N ,

3 ! 19. KEY WORDS (Conflnue on reverse aide if necesaary and ldent!fy by block number)
K-. o
- /,Clinical Pharmacokinetics, Dose-Response Relations., Pharmacokinetic Simulation,
ro \ . . . . . . :
: ‘ Non-Parametric Statistics, Mefloquine, Microc.mputer Graphics, Tektronix 4052.

, S -

:t 20 ABSTWACT (Centinue en reverse side /f nmeceesary sod identify by block number)

j B The research proposed under this contract is a feasibility study in the

13 development of applications of new microcomputer graphics technology to the

j ' continuing development of comprehensive programs for analysis, interpretation,
' and simulation of pharmacokinetic data, dose-response kinetic data, and other

! ‘ data relevant to new drug development, for use with the Tektronix 4052 Micro-
I computer Graphics System. The combination of such modern analvtical and
N illustrative methods in clinical pharmacology, based on new high-speed micro-
.- computers and associated graphics, are thought to preatly reduce both cost and .
A

W DD , 22::-7: 1473  E£DITION OF 1 NOV €5 1S OBTOLETE - ey
. CECURITY CLASSIFICATION OF THIS PAGE /When Deta Entered)
e

W v 2RO AV BT I RA T R N “of o W oy ¥l g™ Al ' . P ~ 2088 « 5%
: Rt i p N n SO0 ey e '.-'.*-f.'(\t"‘"l'\"' M T i Yy
K ‘l“l“i"r'".;'*': \ Sl asiatad) l.!‘i, -p * } } .. ’ A \‘l 0“.‘! \ by ‘l-l-‘ B ,‘n K 1N



v
e

SECURITY CLASSIFICATION OF THIS PAGE(Whaen Nate Entered)

\ ~ . I3 ] -
%f time involved in the overall nrocess of clinical evaluation of new drugs In the
. U.S. Armv Drug Develapment Program.
[ R '
AN

The work nerformed during the past twelve months of the contract includes the

following:
- 1. Continuing developments of thue programs for tie analvsis and simulation of
x non~linear kinetic data.
:.. .
R 2. Continuing development of a program nackage for c¢linical pharmacological
! problems.
>
< . . - ,
. 3. Development of a translation program for the conversion of various sets of
- pharmacokinetic parameters into a uniform set.
g4
g
: 4. Completion of a final report on bioavailabilityv study on mefloquine.
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SUMMARY

The research proposed under this contract is a feasibility study in
the cevelopment of applications of new microcomputer graphics technology to
the analysis and interpretation of clinical pharmacological data. This
involves continuing development of comprehensive programs for analysis,
interpretation, and simulation of pharmacckinetic data, dose-response kine-
tic data, and other data relevant to new drug development, for use with the
Tektronix 4052 Microcomputer Graphics System. The combination of such
modern analytical and 11lustrative methods in clinical pharmacology, based
on new high-speed microcomputers and associated graphics, are thought to
greatly reduce both cost and time irvolved in the overall process of clin-
ical evaluation of new drugs in the U.S. Army Drug Cevelopment Program.

The work performed during the past twelve months of the contract
includes the following:

1. Improvements in the programs for analysis and simulation of non-
Tinear pharmacokinetic data. In order to simplify the use of these pro-
grams, a menu of commonly used kinetic models has teen added, allowing the
user to select a pre-written set of differential equations instead of
having to type in a description of the model. This modification signifi-
cantly reduces the level of pharmacokinetic knowledge needed to success-
fully use these programs. Additionally, this menu has been structured so
as to be easily modififed and extended, so that further models can be added
tc the existing set, allowing the programs to be customized for use in any
specific case.

2. Further develcpment of programs for stetistical analysis of clin-
ical pharmacclogic data. A number of modifications have been made to the
programs for the various nonparametric statistical tests, providing the
user with better facilities for reviewing and correcting the data they have
entered, as well as making the programs more consistent in the presentation
cf results. We have also continued work on the parametric analysis of
variance programs for multiple comparisons and for cross-over design
experiments, adding some new capabilities for complex hypothesis testing.

3. Development of a translation program for the conversion of various
sets of pharmacokinetic parameters into a uniform format. This program f{s
designed to allow the use of published pharmacokinetic data for comparison
with the results of our data fitting package or for use with our kinetic
simulation program. Since published studies frequently express the results
of their analysis in terms of a particular model, it is necessary to
calculate the equivalent set of model-independent parameters before making
use of the data. The program has been designed to allow the transiation of
descriptions of one- or two-compartment systems into the format used by our
1inear pharmacokinetic programs. In addition to this function, it also
performs the necessary unit conversions so that all the half-11ife figures,
for example, can be expressed in terms of the same time scale.
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> 7 4., Design of drug dosage regimens. Development wis initiated towerds
i a programwhich could help design optimal drug dosage regimens using an

! algorithm involving pharmacokinetic and pharmacodynamic data. However, due
ff\ tc lTack of 1llustrative data in the literature and =low proyress of needed

- theoretical work, the development of this program was not pursued further

Lo at this point.

o

v 5. Completion of the final report on a bicavailability study compar-
S ing two tablet formuiations of mefloquine. This project was begun in the
- previous contract year and was partially described in our fourth annual
ﬁ& report. Some additional analysis was done this year, and the entire
ff results are contained in our final report on this stucy.

-:} An additional goal described in our renewal proposal last year was the

'-j development of a dose-response analysis program for use with the Radio
Si Shack TRS-8C computer. This was intended to allow the use of a less
Y, expensive computer than the Tektronix 4052 for the analysis of
® corcentration-effect data. At the time of this proposal, a TRS-80 was

! easily accessible nearby, and we had planned to use it for development of
‘#g this program. Unfortunately, this machine became unavailable for our use,
~a leaving no means for working on this project without buying a TRS-80. We

‘:g did not feel that such a purchase would have beer justified for the devel-
O opment of only one program, so work was stopped at this particular point.
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vy BACKGROUND
’ The process cf drug development has been both complicated and fecili-
_ﬁ tated by the trend toward early application of the methods of clinical
o pharmacokinetics. Current practice and existing and proposed new Food and
:} DPrug Administration Regulations demand sophisticatecd evaluation of drug
o bicavailability and descriptive pharmacokinetics in Phase I clinical
v studies. This requires development of assay methods for new drugs and
! their metabol ites and methods for evaluation of concentration vs time data
ot to obtain relevant parameters to characterize drug behavior. Of similar
~r importance i1s knowledge of characteristics of relationships between dose or
o concentrations and pharmacological response. The information thus obtainec
A from pharmacokinetic and pharmacodynamic studies relates directly to the
_-* optimal design of dosing schedules of new drugs in man, including indivi-
i dualization of therapy due to disease processes or other factors which may
j: affect drug behavior. In this regard the eventual course of development
0N through Phase II and Phase III clinical studies is rendered less empirical
o and ultimately more efficient in both time and cost, by minimizing the use
e of scarce resources.

'“'\

Modern computer technology has greatly enhanced the capability of
. these methods and made possible their applications to clinical pharmacoki-
fj netics. A number of available computer programs have teen frequently
A employed for this purpose. Those which have been developecd for use speci-
b fically ir clinical pharmacokinetics are based on compartmental methods of
~ analysis and yield estimates of parameters associated with preselected
{ compartrental models. While useful and informantive, they lack the ease of
{ use and cogritive appeal of cdirect graphic simuiations and graphics-
- assisted date analysis. It is in the interest of developing general pur-
- pcse programs with the advantaces of computer graphics that the present
- contract was initially pursued.
Previous experience with the Tektronix 4051 and 4052 Microcomputer

:. Graphics Systems indicated that this was an especially suitable microcompu-
KS ter system for our purpcses. While similar systems are now available from
b: a varfety of sources, it is in the interest of conformity with existing
;\ systems in the U.S. Army Drug Development Program at the Walter Reed Army
O -nstitute of Research that the Tektronix System has been employed. The
o present Tektronix 4052 System in our laboratory and for which the programs
" to be described were developed fs 1dentical to that now in use at Walter
r- Reed. A data communications interface has been fnstalled to facilitate
‘o direct transmission of programs and data between these two facilities.
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o PROCRESS
o\,

- A Programs fcr Analycis and Simuletion of FPharmacokiretic Data in Norn-
;‘? 1inear Kinetic Systems.
g The program package for pharmacokiretic analysis of cata from non-
SN linear systems and the simulation prcgrar which accompanies it have under-
{: gone some simplifications during the past year. In the original versions
Y of these programs, the user had to enter the differentfal equations des-

i cribing the model into the program, requiring a sophisticated level cf
V) knowledge of pharmacokinetics and of differenticl equations. We felt that
o this put an unnecessary burden on the user of the programs, and have now
P modified them to allow a menu of choices to be presented so that a previ-
- ously written model can be automatically re-locaded. Thic feature takes
::j advantage of the ability of Tektronix Basic to load code from a file into
o an executing program, using the APPEND statement. The nature of this
. operation makes it very easy to add to the menu of models by adcding further
- files containing the necessary differential equaticns, and then editing the
s menu to reflect the additional choices available. Presently, the options
j} available in the standard menu of models include one-compartmental models
o with Michael is-Menten type eliminaticr, with input from IV bolus, IV infu-
> sion, or oral first-order absorption. These models are useful themselves,
) and can also serve as a template for the development of further, more
2 complex systems of differential equations for these programs.

:ﬂ' 8. Statistical Program Package for Analysis of Clinical Pharmacologic
N Data.

L %

v

These programs have had a number of various small changes made this
year. In the set of non-parametric tests which are available, the portions
of the programs dealing with the entry and correction of data have been
Y rewritten to make them easier to use, as well as making all of the programs
- more consistent in their interactions with the user. Now, all of the
:) programs allow data to be 1isted on the screen for review before any

% resuits are printed, with cptions available for changing data values and
i for deletion of incorrect points as well as entry of additional points.
7 Further changes have been made toc more clearly identify the groups of data
. :} that are printed out with the results of the statistical analysis. Because
tCa, the same kinds of changes have been made in all of these programs at the
o same time, the user can now deal with each of the programs in the same
thS fashion, making them all easier to use. Work has also been done on the
.‘5 parametric analysis of variance programs to allow specification of whether
> all possible comparisons between groups should be performed, or whether
v specific combinations should be used. In addition, the multiple comparison
pl method developed by Scheffe, which is based on use of the Chi-square proba-
o. bility function, has been added. This procedure, 1ike the Bonferroni tests
¥a

which were already available in this program, can be computed directly
N without requiring the use of tables of critical values. We have been
" unable to find similar direct methods to use with the methods of Duncan or
of Dunnett. Because of this lack, these procedures are stil1l not available

P

Pl
NN

s as an automatic component of the program, although the user car easily
Y complete either of these tests using the program output together with a
53 table from any of several standard references.
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C.  Translation Program for Converting Different Croups of Pharmacokinetic
Farametere inte Model-indepcncent Formet.

This program is designed to help convert pharmacckinetic data, which
is often precented in incompatible formats, into a standard form based on
the model-indepencent representation used in our data fitting program
package. This parameter translation is useful for a number of different
purposes. It allows direct comparison of cata about the same drug from
many different scurces, including the output of our own analysis package.
It also makes it possitle to convert published results into the format
needec for use of our pharmacokinetic simulation program, allowing examina-
tion of the results of various dosing regimens based on data from other
investigators. These types of applications can result in a saving of time
and moneys since experiments need not be duplicated simply to obtein data
in a different format. 7The program is capable of converting data repre-
senting & one- or two-compartment pharmacokinetic model with input through
injection, infusion, or oral administration into a single standarc format,
usirg the sum-of-exponential-terms representation. The input to the pro-
gram may be expressec in terms of volumes of distribution, half-1ives; time
of peak concentration, clearance, rate constants of absorption or elimina-
ticn, or concentration at time of injection or maximal absorption. If
requested, the crogram can performunit conversions on some of the input
parameters tc make them consistent, for example if volume is expressed in
liters and half-1ife in hours, but clearance is in ml/min. This feature
can help toc reduce confusion when comparing data from different csources.

C. Cesign of [rug Dosage Regimens.

while the programs developed under this contract are useful for the
analysis and simulation of pharmacokinetic and pharmacodynamic cata, they
have not been designed to address directly the optimal design of drug
doesage regimen. We hac therefore proposed to develop an algorithm for
helrirg with the design of optimal cosage regimens when both pharmacoki-
netic and pharmacodyniamic data are available. Initial theoretical work,
outlined in our last renewal proposal, indicated the feasiblity of such an
algorithm. It was clear from the beginning that such a program woulg
require good useful published data to i1lustrate the usefulness and mean-
ingfulness of such a program. However, as we were unable to identify a
cuitable data set and further theoretical cevelopment in this area, which
now become more pressing to counteract the lack of data, was slower than
anticipated, it was decided not to pursue this project at this particilar
pcint,
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J}{ E. Special Data Analysis Projects.
! g A request was recefved last year from LTC Charles Pamplin, asking us
::\ to perform an analysis of data from a study comparing the bioavailability
AN of two differert tablet formulations of mefloquine. A description of our
R method of analysis was included in last year's annual report, but the final
N report concerning our conclusicns was not available for inclusion at that
: time. Since then, some further tests have been made on the data, all
:,? confirming our eariier results with regard to the quicker absorption and
p higher availability of the Hcffman-LaRoche preparation. A detailed report
T on these tests, containing all of the results from our analysis, was com-
N pleted and submitted to LTC Pamplin last spring.
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