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Latest news (15t May 2021)

PCModfit V7.0 with major updates from previous versioasow releasedWhen PCModfit is openetthere
isnowacheckt o 6cl ean upd the numerous graphics(ondynd r
if >100is found). It is worth doing this regularly teave space and tidying up the Results directory to
maintain a reasonable number of files.

The NorCompartmental Analysis modulRICA) has beerxtensivelymodified to calculate CL, 8 V4

and MRT parameters in addition to the usual AUC vadunestYzetc., with options for the user to define the
concentration unitghe dosend infusion time if relevar{the latterfor calculation of MRTCL etc.).The
results arestill shown in the NCA sgadsheet but ngwhey arealsooutput to a detailed Excel filgith
descriptive statsas well(timed anddated for a paper trail record) together with the points selected for t¥2
determination of each profil&t the end of aRung the Excel file containg the results will be
automatically save(Results directoryand the user campen the file anthspect the valuesnmediately
Pictures of the NCA plots with points selected for t%2 estimatestifirstored in the Results directory as
NCA*.pngfiles which can be copied or imported inNticrosoft® Word etc.

The modelling option has been extensively updéadtions3.8and3.9. The setting up and the graphics

(fitted line and data) aneowa | | di s p IMadelkngExceff sptedddsheebor setting up the
6Control @ pwvhriaretwarss often a bit tr i ckheglpswiththe r e i
required layout based on the Fitting Options selected in the spreadsheet (models, algorithm, weighting etc
The graphics are of high quality (bothdar and logrithmicplotsarenow on separate Chamsthin

Excef®) and the number gdoints for thecomputed line canow be selectedo ensure a representative line
overextendedime periods useful for repeat dose fitting where the overall timelwauite longup to

10000 pointsmaxmum).

There is additional help describing the models and parameters which are also shown in the spfaiagisheet
down boxes containing model numbers and what the models actually afeiserdparameter starting
estimates are required)he graphics files producedthin Excef, are nowstored ag.pngandnot* .wmf

files to improve the whole appearar(€&plotlin*.png for Linear and Fitplotlog*.png fdrogarithmic

Charts) Users can now analyse up to 1000 data points per paoiileip to 100 profiles in a single run
(should the user be so lucky!).

Pagel of 109 Version 7.0 1-May-2021



When modelling is completed, all of the graphs can beeadewithin the spreadsheet to aid the user in
deciding if it was acceptable or otherwise.

Mainly due to popular usagdeSuperpositiormodule(Section3.5) hasagainbeenfurtherupdatedoy the

author(now re-written in Fortran for speedndalsoverified by two independent usersaddition to many
otherswho have tested it faccuracyandvalidity. In addition to being able to vary the dosing interval,

users castill change each dose across the entire regimen asthaiké to suggestisiby Angus McLean
Ph.D.,in the USAand Dr med. Christian de Mey from ACPS in Gernjany

There arestill various plots of th&uperpositiomesults together with selectionfor accuracyjtime
incrementgo dictate the number of points required for each run. Using the highest ag@u@@dy)which
can take some timgransferring so many numtseinto Exce?) although the Fortran module is much
quicker for longer repeat dose regimavigerein; up to 100 doses can now be defjleere can be up to
1,000,000 points generated which is getting close to the number thaf Eacehandlavithout messig
around too muchThe author recommends a valuesther 0.1 00.01 which is avery good compromise.

SummarySuperpositiorplots and values for parameters such as, Cnaxand AUC arestill output for each
dose.There is also a Summary table within the spreadsheet indicating the accumulatiobyabreparing
parameters from Dose 1 tioe lastDosefor a quick assessmeih. addition(new to V7.0)the user can now
manually override the estimated t%2 value whequired (sometimes useftdr very sparse data but when the
t%2 is knowr) and camow add their own data points to thepeat doselots very easilyif required, which is
particularly good foshowingpre-dose values at later time pointghin arepeatdlosng regimen

T h &meéabové a MI C has been extensively modified wi
an option for different time valuésftenusefulin Phase Il studiedpr each profilewhereas previous

versions only allowed the same sampling tifoesall data setsThisversionnow allows up to 100 data

points per profile and up to 100 data sets to be analysed in a single run. The grajghatsohaeen
improvedwith an increase in speed and visual appearance with all data lines now having the same thickne

The single and repeated dose simulators in V7.0 are similar to V6.9 but with the added additions of axis
titles and legends to make the graphical presentations better. Concentrations at user defined time values .
available in both simulators as there weegeral requests for this option.

Program PCModfit Copyright © GD Allen 1990-2021

Original publication reference: GD Allen 'Modfit: a pharmacokinetics computer program' Biopharm. & Drug Disp., Vol.
11, 477498, 1990.

SecureWebsite: https://www.pcmodfit.co.uk/ E-mail: grahamdallen111@btinternet.com
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1. Copyrnagthfpe®gram, documentation e

PCModfit

TechnicalDocumentationSystem Design and Equation Derivatamd Programming:
Created byGrahamD. Allen

Please reathe manuatarefully before using PCModfit

Information in this document is subject to change without notice. Companies, names and dataxaseplés are
fictitious unless otherwise stated.

All rights are reserved. No part of this publication, either the whole or any part of the program or documentation, ma
reproduced, transmitted, transcribed, stored in a retrieval system or transtagetyifanguage @omputer language in
any form or by any means. These include electronic, mechanical, optical, chemical, manual or otherwise, for any pt
without the prior express written permissiortloé author

GD Allen provides the program PCMfidand associated modules under the laws of copyright, and licences its use to
user This licence means that, unlessyou h@ieA|l | end6s per mi s ydumay uge thdotviloadedt on't r
program on a single computer, or move the program and oseinother computer, but you may not use the program or
more than one computer at a tilgeuy may make one copy only of the program for backup purposes.

If the user/company wishes to use the program on several computers then each computer shsakhdeenloaded
version from the PCModfit website.

You may not make any copy of the documentation without prior permissiorGi#ilen.

There is no charge for the program buotalldonations can be made on the Web@&ltavnload pagefo help maintain the
program andlocumentation

Acknowledgement

The picture of théconfused modellingharbshown on the Webpages and in this documentéfiiont cover)should not
be used without acknowledgememtreference t&D Allen and PCModfit. The talented artist who drew the original
cartoon at therequesbf GD Allen, wasMs E. Ginn(at that time)and her name has been retained orathasingsketch
ever sincet wasoriginally handdrawnin black ink(ca. 30 years ago!).

Disclaimer
No warranty is made with respect to the program, its quality or performance, its merchantability or fithess for any

particular purpose. The programpiovideddé a s i s 0 .er, dssume respdmsthility fer the selection of the program
to achieve your intended results, and for installation, use and results obtained from the program.

Copyrights

PCModfit Copyright © 196-2021GD Allen.

PCModfit Manual Copyright © 1982021GD Allen.

Equations and Coding 1990-2021GD Allen (all programmingcode rewritten sinceriginal publication)
Website forlPCModfit Copyright ©2017#2021GD Allen.

All trademarks and other proprietary rights are acknowledgbdre known
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2. Brievervi ew

PCModfit has several options open to the user and this section divie@verview of the facilities.
Parameters aror data are all entered through Efceithin a PCModfit spreadshe@.h e s pr eads h
PCModfit are showtelowin Figurel which allowsthe user to select the appropriate opgam,Modelling,
Simulations,SuperpositionNCA etc.when theExcel’ PCModfit file is openedUsers must allow macresd
Firewallsto run all modulegthoroughly tested for viruses using-tggdate software)The program rusunder
Microsoft® Windows® 7 and upwards with Offi&2013onwards Earlier versions of Windowsand Offic&
may be compatible but the user will just have to tryite PCModfitwebsitelocation
https://www.pcmodfit.co.uk/ has adownload link for the installation file which will install the program in
directory C\PCModfit Vx.x\ which is the default option and requiredx(is the version numberlRo not install
it in any other directorgs it will not work! There is a detailed amual this documentior using the program
which can also be downloaded separately.

Figure 1: PCModfit available spreadsheetabs.

NCA | Superposition | Modelling Stats | SD Simulator = RD Simulator | LR Deconvolution = Time above | Diff. Eqn. Simulator (SD) Diff. Egn. Simulator(RD)

Briefly, drug concentratiotime can be numerically analysed using a variety of modesshaulations
generated on a single or repeated dose basis (with different doses, parameters and dosing Fotefittiahs)
data, nany of the modelhave parameter starting estimate routines avaitaldave a significant amount of
time. The available mdelsandwhether theyncludestarting estimateoutines together witmany of the
equations are detailed later chapterand within each spreadsheet

In addition todVodellingbdata and generatird@imulationg there are additional options f@ecorvolution
Analysi®(Wa gner 6 s mo d Ldo-Riegalmanneethodpefjuiringinttavenougparametersilrime and
Exposuréabove a user defined concentrat{erg.,MIC) Superpositio(major upgradein V7.0and V6.9

for repeated doses (when only a Hd# is calculabl¢ and alStat®spreadsheet which calculates arithmetic anc
geometric means and Confidence Intervals etc. for a quick estimate of these and other descriptive statistic

In V6.8 onwards there is nova facility for conducting single dosendrepeated dose&mulations using

di fferenti al equations which caaR)é ¢matber ddhei pr
parse the equations into the PCModfit code automatifraliy Excef® without having to recompile the

program. This step is very quick as the equations are Tokenised in high memory for repetitive access and
solutionin real time There are detailed instructions on the spreadsheet with further examples in &8c2ion

of this manuabndbut doesequire the user to be comfortable with defining stiffierential equationfrom
models This option will also be made available for modelling repeat dosddifitéveing worked on).

Thereis a norcompartmental option (NCA) which has been completely revamped to generate those pararn
which are commonly used in reports etc. all wittie NCAPCModfit spreadsheet. The assignment of- i f

is interactive teensure that a visuglot in addition to the numbers generated,rapresentative of the data.

This module has been tested independently and gives the same results as some commercialliregrams.
author would like to thankngus McLean, Ph.D., from tHéSA and Dr med. Christian de Mey from ACPS in
Germany, for their valuable suggestions and help with verification of some aspects of the program over th
year or so.

TheExceP front-endhas numerous lines of VBA code for ease of use but the main number crunching routi
are written in 3zbit optimised Fortramompiler (FTN95 from Silverfrostree versioris availablebut not

required for runningand modelling is surprisingly fast ugimomputers withntel i5 and i7 processoraés an
exampe, 100 datsetsfor a 3compartment infusion model were analyseca@omputer with an i7 processor
and the whole process totdss thar8 secondsn real timeincluding generabn of starting estirates for the 6
parameters followed biyre completeminimisation procedure.

Finally, the program is free to use but there is a facility on the Wdbsimload pagd€or making a donation
to helpthe author to maintain the program and manual should théeedeenerous!
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3. Avail abl ¢deaailiedi)es

31 Nowwompartmental analysis (NCA)

The technique of NCA is certainly one of the most common approachesdatating and thecomparing and
contrasting pharmacokinetic parameters from lobithcal and norclinical studies. Parameters such as a
concentration maximum (§ax) and various areas under curtraezoidaAUC as linear, logarithmic or linear
up logarithmic down)n addition to haHife (t2) and AUMC (inear trapezoidainoment aregare the usual
parameters and can easilydstimatedising the programnin version 7.0 onwards, additional parameters such
as CL, MRT, \4 and \ssare also calculated with all results displayed ifEaoel® spreadsheet which is saved
in directory/Resultsias NCA*.xls or .xlIsx fileswhich opens automatically after the data set(s) are analysed,
and in the NCA spreadshe&he graphs are also stored in the /Results/ directory &8 [§Qyg files as a
graphicalrecordof the points chosen fd¥2 determination in addition to these points being listed in the NCA*
ExcePresultsfleThere are a couple of 6God buttons to h

To setup a NCA run, the following examleould help the user conduct such an analygigout too many
problems Although most of the following is obvious is probably worth taking the time to follow the example
below, at leasto begin with.

Initially, in the spreadshe#tere is arOptions region §hown inFigure2 belowandRow 15in the spreadsheet
and this should be populated before adding data, doses etc. Select the appropriate Checklitdkemd.g.,
AUC infinity § d_ast actual (usuaor Predcted poindand the concentratietime layout for the datdVhen
the O0Data | ayout d& Che c k bhowyalewvslraddeellate hHelp with Dosaedentry Bnal w
a dropdown ComboBox for the Dose unltbec or r e c t  athlayoudisesantfal, adhBrwise the user
could end up with wrong results! There arefions available as some studieguirethe same nominal time
points across all profiles dgior many others, different time points asguiredfor each profile (e.gin clinical
studies). Once the selections are chosen, the tittdsoth axes othe Charts) can be entered (Row 26/&Y

the spreadsheand inFigure3 below) and these will bepdatedon all graphsat rurtime. Once this is

compl eted, click the 6God6 button to move do@n t
relevanj and the doses/units in the yellow highlighted cells.

Finally, the concentraticiime data can be enteréelther typed or copied from anottssurce Figure4)
together with a profile title for each data set which will be shown atime on the graph and in the results
summary (arexcef file which automatically opedsit the end of the analysis a record

Note: deleting cell contents in the data region and pasting datadstd o ndiag or movégemovecells as it
will corrupt the spreadshedfla conc. value is absent, just leave the cell blank as shown in this example (96

Figure 2: Options for NCA.

Area Options Select Select
t%2 and AUC to infinity Data layout

Time, Conc., Conc., Conc. et [
Oral profiles with lag time or
Extrapolation to infinity Time, Conc., Time, Conc., eti

Last actual poinfusual)
Last predicted point

O

Data entry (Row 72)

Figure 3: Data layout options in ExceP NCA spreadsheet.

Enter axis titles Time (min) for X -axis
(Graph updated at runtime) Conc. (ug/mL) for Y -axis
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Figure 4: Data layout options in ExceP NCA spreadsheet.

Concentration units ng/mL  ~ Data entered? Go to 'Run' section
Infusion? If Yes, enter Inf. No -
Times in Yellow cells. —
Dose units. Enter Doses in mg . ) )
Yellow cells. —
Time-Conc. Data Time Vol.1 Time Vol.2
0 0 0 0
1 1.26 1 0.623
2 2.02 2 1.18
3 2.54 3 1.44
4 4.09 4 2.72
4.25 4.77 4.25 2.27
4.5 4.29 4.5 2.25
5 2.76 5 1.44
55 1.54 55 1.19
6 1.27 6 1.1
7 0.87 7 0.786
8 0.99 8 0.733
10 0.639 10 0.506
12 1.05 12 0.465
24 0.43 24 0.201
36 0.376 36 0.12
48 0.355 48 0.0531
72 0.196 72 0.0213
96 0.124 96
Oncethelat a have been entered, click the 06Gob

NCA module.In thisexamplethe PCModfit NCAbspreadsheet contatwo separate profiledor missing

conc.values,f not sure therteave blank)To initiate the NCAclick thed R utnhbe n

will producea layout similar to that shown Figureb.

Figure 5: Points selected in the % profile for NCA.
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The default is 3 points but if more points are required, sheglec | i ¢ k
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Figure 6: Points selected in the % profile for NCA (note extra values chosen)

Current Data Set Selected points for t%2
Voll 3z=-0.0223 t/2=31.11 R* = 0.914 Intercept =0.982 Time Vol.l Time Vol.1l
10 0 0 12 1.05
] 1 1.26 24 0.43
] 2 2.02 36 0.376
L] 3 2.54 48 0.355
. 1 o0 4 4.09 72 0.196
= {e 4.25 4.77 96 0.124
‘E; . 4.5 4.29
¢ 5 2.76
S 13 o . 5.5 1.54
g L 6 1.27
S . 7 0.87
¢ e 3 0.99
10 0.639
. 1.
. 0.
0.1 T T T T T ) 0.
0 20 40 60 80 100 120 8
Time (min) O:
I f a further change is required, then gsngleckickthe or
OUpdated button followed by the 6Continued.
Ifal | is well, click 6Continuedé again and the ne

As the processantinues, the parameter valuesl update, together with the picture in the NCA sheet
reflecting t he ,ar&rfayanestimate oftfiti intgrastivelyh &

The final user accepted pictures from the NCA will be storédi@&* .pngfiles of high quality in directory
C:\PCModfit Vx.x\Result$ (x.x being the version number) with names such as NG#@fr NCA128png
with correspondindexceP files (PCModfit V7.0 onwardsjs a record (worth mentioning that these files will
need cleaning up frotime to time to stop so many files being produced).

Once both profiles have been analysed, the sheet will diajplafthe results starting at Ra%0 onwardsnd

in the createdExcef file whichwill automatically open at the end of the analyisishis example, the results

file will look very similar to the one shown in ti@lowing Figure7.1 t 6 s wor t h ment i oni
date is shown in the file together with the results and the points selecteddetermination for each profile as
a record of t (usfulasagapsrdrail)s @licislyt for a single profile the descriptive statistic
will be absent but the NCA results will still be shown.
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Figure 7: Example NCA results in thecreated Excel file and theNCA spreadsheet.

21/04/2021 15:43

Results Profile Vol.1 Vol.2
AUC time range 0 to 96 0to 72 Min. Max. Mean GMean Median SD CV
Comments Tmax 4.25 4 4 4.25 4.125
Cmax 4.8 2.7 2.7 4.8 3.7 3.6 3.7 1.4 38.7
(Usual) Lin AUCt 47.5 19.7 19.7 475 336 306 336 19.7 585
Log AUCt 46.5 19.2 19.2 46,5 328 299 328 193 587
Lin/Log AUCt 46.6 19.3 193 46.6 33.0 300 33.0 193 586
Lin AUMCt 1245.8 269.6 269.6 1245.8 757.7 579.6 757.7 690.2 91.1
Lin AUMC 2030.0 311.3 311.3 2030.0 1170.6 794.9 1170.6 1215.3103.8
&z 0.0223 0.0476  0.0223 0.0476 0.0349 0.0326 0.0349 0.0179 51.2
(Ln(2) [ 1t 31.1 14.6 146 311 228 213 228 11.7 51.2
(Usual) Lin AUCD 53.1 20.2 202 53.1 366 327 36.6 233 63.6
Log AUCD 52.0 19.6 196 52.0 358 320 358 229 639
Lin/Log 52.2 19.7 19.7 522 36.0 321 360 229 638
R2 0.914 0.987 0.914 0.987 0.950 0.950 0.950 0.052 5.4
No. pts. for tv2 6 4 4 6
No. pts. (total) 19 18 18 19
Intercept 1.0 0.6 0.6 1.0 0.8 0.8 0.8 0.3 325
(Dosel/ AUCCCLI/F 37.7 99.2 377 99.2 684 611 684 435 63.6
( AUMCB/ AU MRT 38.2 15.4 154 38.2 26.8 24.3 26.8 16.1 60.1
(CL/ &z) vd /F 1691.2 2085.1 1691.2 2085.1 1888.2 1877.9 1888.2 278.5 14.8
(CL x MRT) Vss /F 1440.8 1532.0 1440.8 1532.0 1486.4 1485.7 1486.4 645 4.3
Concentration units pg/mL
Infusion? No
Dose units mg 2 2
Time-Conc. Data Time Vol.1 Time Vol.2
0.0000 0.0000 0.0000  0.0000
1.0000 1.2600 1.0000 0.6230
2.0000 2.0200 2.0000 1.1800
3.0000 2.5400 3.0000 1.4400
4.0000 4.0900 4.0000 2.7200
4.2500 4.7700 4.2500 2.2700
4.5000 4.2900 4.5000 2.2500
5.0000 2.7600 5.0000 1.4400
5.5000 1.5400 5.5000 1.1900
6.0000 1.2700 6.0000 1.1000
7.0000 0.8700 7.0000 0.7860
8.0000 0.9900 8.0000 0.7330
10.0000 0.6390 10.0000 0.5060
12.0000 1.0500 12.0000 0.4650
24.0000 0.4300 24.0000 0.2010
36.0000 0.3760 36.0000 0.1200
48.0000 0.3550 48.0000 0.0531
72.0000 0.1960 72.0000 0.0213
96.0000 0.1240 96.0000
Actual and predicted points selected for haHife assignment(s)
Profile title
Vol.1 Time Conc.(actual) Conc.(pred.)
12 1.05 0.7515
24 0.43 0.5752
36 0.376 0.4403
48 0.355 0.3370
72 0.196 0.1974
96 0.124 0.1157
Vol.2 Time Conc.(actual) Conc.(pred.)
24 0.201 0.1963
36 0.12 0.1109
48 0.0531 0.0627
72 0.0213 0.0200
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32 NCArom.o9wa(hbsl us i nhamakephng anal ues)

PCModfitV6.9and later versions withow display the Yintercept valu¢Co) which can be useful in

calculations and often assists with estimating bolugallies (at time Oput for the terminal t¥2 of course, this
woul d onl ylink €e torect methow usafor a Co estimate isvery debatable as sonpeople

prefer to conduct modellingf acomplete profile (unweightedd extrapolate back to the-axis(can over
estimate @) and others who just use the first few points within NCA to achieve the desired result. Whicheve
method is selected, it will always be approximate iasgection of each individual profile should be examined
to see if the g@valuegeneratedis reasonablelhe data will usually dictate which method is most appropriate
but in the authordos experience, ei bdusdosedgsptinea c h
del ay before a 6trued value of concentration ca
dosed into a peripheral vein in the left arm, there will be a delay before levels of drug can be detected in tt
right arm.On this basis, one could argue that the model defining the dosing/distribution may be exhibiting «
infusion situation (albeit very short) and perhaps a concentration at time zero is in faSbzeow there are-3
approaches, all of which are approximate d it 6s | eft to the reader to

As a simple examplehe early part o& bolusprofile is shown Figure8) and the intezept value estimated by
NCA (using the 3oints) yielded a value of 99.902 which is close to the theoretical value of 100.0 for these
data. The intercept will be shown on the NCA graph, in the results .txt file and in the spreadsheet results a
can then b used to estimate AWcand AUG.p values for the complete profile by inserting thiercept
concentratiorvalueat time zergshown in blue)

Figure 8: Bolus i.v. profile (first 3-points) to estimate G value

Time Vol.1

0 99.902
0.05 96.22
0.1 92.61
0.2 85.91

It is important to understand how zero values are handled by programs (often quite different) when for exe
calculating AUC estimates for oral profiles. There has, and still is, debate on the correct agpreach.
approach used in PCModfit can be destoated using a specifexample Figure9) butcan be briefly

described as follows:

Zero values at the end of a profile should not be used asdhealue would be unknown and should be left
blank or use a hyphen.

Zero values in the middle of a profile again should not be used, particularly if there are positive values eith
side of the zero. Leave the cell blamkuse a hyphen.

At the beginningdf a profilee.g.,oral datg care needs to be taken as the wrong approach will yield incorrect
values for AUC etc. The exampliata setsvith their associated resulshownin Figure9, shouldhelp to

explain this in more detail.

The same &lata sets were used from 0.5 h to 10 h for simplicity but labelled Vol.1 to Vol.5 to help with the
discussionThe concentratiotime values used for hdlife determinations were the same for all profiles and
utilised the last 4 values for consisteniépwever, the zero values at the beginning of the profilesraren
differenty to demonstrate how the program handles these data sets and what impact it hessoitghe

The AUC values for sets Vol.1, Vol.2 and Vol.3 are the same as would be expected and show the data lay
using zero anevalues for concentrations. For these, the firstpero data point is at 0.25 h and all values
before this time are either absentzero so the AUC would be expected to be equal. For profiles Vol.4 and
Vol.5 however, they both have zero values at time zero but no value at 0.25 h so the AUC will be calculate
from time zero to 10 h. Both of these are equal but different from VoV/blt8 due to the extra area calculated
from time zero to 0.5 h.
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So,in summary, Vol.1 to Vol.3 profiles all start contributing to the AUC from 0.25 h onwards but Vol.4 and
Vol.5 start from zero, hence the increase in AUC for the latter two. AdrtdefFigure9 thereis a picture of a
NCA plot, for information,to show the reader whahe of theprofiles looks like.

Figure 9: Use of zero concentration values in oral dosing profiles

Results Profile Vol.1 Vol.2 Vol.3 Vol.4 Vol.5
AUCtimerange O0Otol1l0 0.25t010 0.25t010 Oto1l0 Oto10
Tmax 0.50 0.50 0.50 0.50 0.50
Crmax 510.00 510.00 510.00 510.00 510.00
Lin AUC 2907.75 2907.75 2907.75 2971.50 2971.50
Log AUC 2898.72 2898.72 2898.72 2962.47 2962.47
Lin/Log AUC 2898.72 2898.72 2898.72 2962.47 2962.47
Lin AUMC 12203.2 12203.2 12203.2 12962.0 12962.0
Lin AUMC » 244276.9 244276.9 244276.9 245035.7 245035.7
&z 0.0361 0.0361 0.0361 0.0361  0.0361
Y% 19.20 19.20 19.20 19.20 19.20
Lin AUC » 9063.02 9063.02 9063.02 9126.77 9126.77
Log AUC»p 9053.99 9053.99 9053.99 9117.74 9117.74
Lin/Log AUC » 9053.99 9053.99 9053.99 9117.74 9117.74
R? 0.909 0.909 0.909 0.909 0.909
No. pts. for t%2 4 4 4 4 4
No. pts. (total) 9 8 8 8 8
Intercept 318.77 318.77 318.77 318.77  318.77
Data Time Vol.1 Vol.2 Vol.3 Vol.4 Vol.5
0 0 - 0 0
0.25 0 0 0 -
0.5 510 510 510 510 510
1.0 510 510 510 510 510
2.0 380 380 380 380 380
4.0 283 283 283 283 283
6.0 246 246 246 246 246
8.0 241 241 241 241 241
10.0 224 224 224 224 224
Vol4 jz=-0.03610 ¢2=19.20 R* = 0.909 Intercept=318.774
1000
* @
L ]
3 100
£
2
o 10
1 ‘ ; . .
0 2 8 10 12

Time (h)

If the user has several profile results and would like further descriptive statistics, there is an additional

spreadsheet

n

PCModf i

t

tit

ed

6Stat so.

Thi s sh

after the values are enteregp@d or pasted) the sheet will automatically update itself to produce further

information such as geometric means etc. usingloagga ns f or me d

such as the example output showirigure10.
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Figure 10 6 St at sd s pr edatd @eft)@amexaropte outpat(right) .n g

Data Set P1 P2 P3 Untransformed results
1 9149  35.40 153 In 22 11 11
2 44.1 18.92 1.26 Min 38.40 14556  0.783
3 905.6 28.61 1.72 Max 1568.30 48.645  2.120
4 390.8 14.56 0.783 Median 138.70  28.605  1.530
5 60.3 36.13 1.58 SD 379.23  11.253  0.417
6 1568.3  29.35 1.78 Mean 307.16  28.006  1.441
7 331.7 24.01 1.71 CV (%) 1235 40.2 29.0
8 155.4 17.66 1.14 Log transformed results
9 4835  48.65 1.44 Summary
10 506.9 Min. 38.40 14.56 0.78
11 50.5 40.26 2.12 Max. 1568.30 48.65 2.12
12 139.3 Med 138.70 28.61 1.53
13 138.1 14.56 0.783 SD (Arithmetic) 379.23 11.25 0.42
14 62.6 Mean (Arithmetic) 307.16 28.01 1.44
15 221.8 CV (%, Arithmetic) 123.5 40.18 28.98
16 94.1 Geom. Mean 176.37 25.94 1.38
17 115.6 Geom. SD 2.84 1.52 1.39
18 95.2 Geom. CV (%) 140.1 43.6 335
19 128.5 CI (90%) Lower 120.33 20.65 1.15
20 1125 CI (90%) Upper 258.52 32.58 1.65
21 199.5 Cl (95%) Lower 111.10 19.60 1.11
22 38.4 CI (95%) Upper 279.98 34.33 1.72
23 n 22 11 11
24 Cl (90%) (120.33, 258.5: (20.65, 32.58) (1.15, 1.65)
25 Cl (95%) (111.10, 279.9¢ (19.60, 34.33) (1.11, 1.72)

A more detailed example shown inFigure9 that includeslifferent ways of how the program will calculate
the AUC values when data have zero valuesduhe early part of profiles.
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33 Single Dose (SD) Simulator
3.3.1 Usingbuilt in explicit models

The SD simulator allove for 10 regimens comprising different models, doses and parameters in a single run
over a user defined time perioe$ ect t he épBadshSdatndenterthdappropriate valueJhe
models are shown in Row 24, Column N whicbludesintravenous, inision and oral functions with the
sequence of parameters that need to be entered into the sheet at Row 13 Qtlergarameters that need
user input are dose, model, infusion details if seleeted the profile time. For example, if the profile tire i

30 h and the number of points per plot is 30, then the concentrations generated (Row 25) will be every hol
the number of points per plot is 60, then concentrations every 0.5 h will be proBosacde that the no of

points per plot is a multiple @fie simulation time or some erroneous values may be gendsaetspecific

time points are now permitted from/7\0 onwards and explained within the spreadsheet.

As a specific exampl@-igurellfor input and outpuvaluesandFigurel2 for graphic$ a simulation was
conducted for 4ifferent regimens using dissimilar parameters, doses and mdgdlcompartment orabne
with a lagtime). If a model is chosen has a {ame and it is omitted, the program will assume atlagg of

zero as shown iRigure1l. After entering the parameteassn d c | i ¢ ki n g he picgureénRhe n 6
spreadshedtontaining the 4rofiles)will updateautomaticallyat the end of the ruand ahigh-quality graphic
file will appeain directory C\PCModfit Vx.x\Result$ with namedike SDSinB8.PNG orSDSim156PNG

which can be used in other documents.

Figure 11: Example SD simulation input/output (4 profiles, 1-compt oral, 1 with lag-time)

Model 7 1-compartment p.o. with or without lag-time (\, ki, lag)
User selections No. pts./plot 60
No. Simulations 4
Profile time 30
Simul. No. 1 2 3 4
Dose 1000 900 1100 800
Model 7 7 7 7
Inftime
Infrate
Bol. Dose
Param. 1 100.00 80.00 75.00 70.00
Param. 2 0.5 0.45 0.52 0.5
Param. 3 0.20 0.18 0.19 0.22
Param. 4 5
Concentration Time 1 2 3 4
output 0 0.000 0.000 0.000 0.000
0.5 2.1006 0.0000 3.1968 2.3884
1 3.5367 0.0000 5.3719 3.9998
1.5 4.4742 0.0000 6.7856 5.0318
2 5.0407 0.0000 7.6361 5.6359
2.5 5.3338 0.0000 8.0739 5.9274
3 5.4280 0.0000 8.2134 5.9943
3.5 5.3802 0.0000 8.1408 5.9028
4 5.2332 0.0000 7.9210 5.7030
4.5 5.0195 0.0000 7.6025 5.4322
5 4.7632 0.0000 7.2215 5.1181
5.5 4.4824 2.1640 6.8044 4.7810
6 4.1901 3.7058 6.3709 4.4357
6.5 3.8960 4.7667 5.9346 4.0925
7 3.6067 5.4582 5.5056 3.7589
7.5 3.3269 5.8683 5.0906 3.4394
8 3.0597 6.0658 4.6940 3.1373
Etc.
29.5 0.0457 0.2276 0.0850 0.0310
30 0.0413 0.2080 0.0773 0.0278
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Figure 12 Example SD simulation graphic output from Figure 11 data
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As a further example={gure13for input and output values akagure14 for graphics) a simulation was
conducted for 4differentinfusionregimeng3-compartment model)singthe samgarameterand doses but
with different infusion timegdose = Rate x Infusion timeAfter entering the parameteand infusion
informationandclc ki ng t he &6Rund button, t he ppro@léesuwil @pdaten
automatically at the end of the run and a kigiality graphic file will be produced in directory\ECModfit
Vx.x\Result$ (x.x being the version number) witlimes such as SDSIm3.PNG or SDSim156.PNG which car
be used in other documents.

Figure 13: Example SD simulation (4 profiles 3-comptinfusions over 5 to 20 h

Model 6 3-compartment 1.v. mfusion + optional bolus (V, ki, k1, ki3, kay, kig)
User selections No. pts./plot 500
No. Simulations 4
Profile time 50
Simul. No. 1 2 3 4
Dose 0 0 0 0
Model 6 6 6 6
Inftime 20.0 16.0 8.0 5.0
Infrate 100.00 125.00 250.00 400.00
Bol. Dose 0 0 0 0
Param. 1 10.00 10.00 10.00 10.00
Param. 2 1.0 1.0 1.0 1.0
Param. 3 0.20 0.20 0.20 0.20
Param. 4 0.3 0.3 0.3 0.3
Param. 5 0.05 0.05 0.05 0.05
Param. 6 3.00 3.00 3.00 3.00
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Concentration Time 1 2 3 4

output 0 0.000 0.000 0.000 0.000
0.1 0.8131 1.0163 2.033  3.252234
0.2 13434 1.6792 3358 5.373438
0.3 1.6906  2.1133 4227 6762514
0.4 19194  2.3992 4798  7.677519
0.5 20714 25892 5.178  8.283520
0.6 21737  2.7171 5434 8.694623
0.7 22437  2.8046 5.609  8.974795
08 22928  2.8660 5732 9.171319
0.9 23284 29105 5.821  9.313502
1 23551  2.9438 5.888  9.420313

Etc.

495 0.066 0.058 0.046 0.042
196 0.066 0.057 0.046 0.042
497 0.065 0.057 0.045 0.042
49.8 0.065 0.057 0.045 0.042
499 0.064 0.057 0.045 0.041
50.0 0.064 0.056 0.045 0.041

Figure 14: Example SD simulationgraphic output from Figure 13 data
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An additional notein both SD and RD simulation spreadsheets (utiaist of models) there is a facility for

c al c u haluess togetheswith their respective Hales from thek;; values as shown in the exangple
below. If the user enters thg values into thedalls (bluecharactergsin the PCModfit spreadsheet (example
shown inFigurel5t hen t he @& val ues wichatactegsut omati cal |l y ur

Figure1l5: Cal cul at onvaluesorom lkg.e&kh dtcivalges o

Useful parameters: enter k values (blue) to calculate values (red) automatically

Compts. k1o k12 k21 1 l2 tizl 1 tizl 2
2 1.00000 0.50000 0.10000 1.5348 0.0652 0.45 10.64
3 Kio K12 k21 k13 ka1 1 l2 I3 tuzl 1 tuzl 2 tuzl 3

0.50 1.00 0.20 0.10 0.05 1.73340 0.08098 0.03562 0.400 8.559  19.460
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3.3.2 Us er d DBifferential Equationbmodels (SD simulations)

There are oftetimes whemmodels cannot, or they would be very difficult to solve algebraically and, in these
situations, it is much simpler to set up a series of differential equations and let the program do the hard wc
solve them. With this in mind, PCModfit7.0 now hasa facility for conducting single dose simulations using
di fferenti al equations which can be entered 1in

The program will parse theserenteredequations into the PCModfit code automatically from EXedthout
having to recompile the program. This step is very quasien though the code is highly complicatecthe
typed inequations aressentiallyTokenised in high memomt the starof the procesfor laterrepetitive access
and rapid solution ineal time.

There are detailed instructions on the spreadsheet with further examples in &ettiois manual and but
does require the user to be comfortable w#fining such differential equations from models. The author is
currently working on a repeat dose differential equation simulator (ab&ut@mplete) which should
hopefully be available in the next couple of versions. This option will also be madabéefait modelling
single andepeat dose datssingdifferential equatios which iscurrently being coded

On the o6Di ff. Espreadshegti (stadihgan Golumn(UptBeyed@re examples of how to set up
desired model showing the user what parameters are required. These include an accuracy level, equation
model parameters, volumes, doses (or infusions) and amounts in each comipatrtimee zero; a necessary
requirement.

As a specific example, a®@mpartment single dose infusion model was def(pedorially represented in
Figurel6) andanalysed using the differential equation simulaféwe datashown inFigurel7 indicates the 3
equations and the other required parameters. PI
numbers in those marked black.

The figure below shows the rate parametersdms) and the labelling of the-8ompartmerd for information
so the reader can relate these tosiireadsheet iRigure 16.

Specifically, pr is kiz, p2is ko1, psis kis, pa is ks and g is kio where the k parameters are ones often quoted in
the literatureT is the infusion time and the cn values correspond to the amount of drug in each of the
compartments at time t.

Figure 16: Pictorial example of a 3-compartment infusion model

Tissue (¢3)
p3 F 3 p4
v pl
In?ﬁ;?:*(;‘;se ——— | Blood (cl) Tissue (c2)
ps p2
\ 4
Waste
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The datashown inFigurel7 sets up the required variables (and constants) fezartpartment infusion
simulation. The &quations are shown together with thpaBameters and the compartmental volumes.
Assuming the vimme of compartment 1 is known {Mhe volumes for the other two can be calculatedzas V
V1 X kiz/ko1 and \& = V1 x kig/ksi. For the profile time, a value of 24 h was required and the No. of points set
24. This generated concentrations every houifliiié No. of points were set at 48 (a multiple of the time;
recommended) then concentrations every 0.5 h would have been produced. The output of the simulation i
initiated by clicking the O6Rund but t oMonwardst fortthise
example, the results asbown inFigure18.

Figure 17: Example setup using a £ompartment infusion model

Set a minimum value for concentrations 1.00E-03  (Iftoo small. log axis might be wide. Recommend 1.0E-03)
No. of 3 No. of 5 Accuracy 1.00E-06  (Recommended)
equations parameters
Profile time 24.0 No. of points 24 (e.g. prof. time = 24 h and no. pts = 48 will yield conc every 0.5 h)
(Maximum 1000).
Equation Equations Compt. Amount at  Parameter Parameter Volume
No. (user defined) ref. time 0 (C0) rel. value compt.
1 D/T-cl*pl+p2*c2-cl*p3+pd*c3-cl*p5 cl 0.0 pl 1.0 10.0
2 (pl*cl-p2*c2) c2 0.0 p2 0.10 100.0
3 (p3*cl-p4*c3) c3 0.0 p3 0.5 100.0
4 c4 0.0 p4 0.05 1.0
5 c5 0.0 ps 1.20 1.0
6 c6 0.0 p6 0.0 1.0
7 c7 0.0 p7 0.0 1.0
8 c8 0.0 p8 0.0 1.0
9 9 0.0 p9 0.0 1.0
10 clo 0.0 plo 0.0 1.0
11 cll 0.0 pll 0.0 1.0
12 cl2 0.0 pl2 0.0 1.0
13 cl3 0.0 pl3 0.0 1.0
14 cl4 0.0 pl4 0.0 1.0
15 cls 0.0 pls 0.0 1.0
16 clo 0.0 plo 0.0 1.0
17 cl7 0.0 pl7 0.0 1.0
18 cl8 0.0 pl8 0.0 1.0
If infusion model, define the rate in an equation as /T (Example 3 in Column U).
Set both values (Time and Dose below) to zero if not an infusion.
Infusion Infusion Dose Infusion Rate (information Only)
time (T) 4.0 (D) 400.0 (D/T) 100.0

Figure 18 Output from a 3-compartment infusion modelsimulation

Results
Time Compt. 1 Compt. 2 Compt. 3
0.000
1.000 3.518 0.235 0.120
2.000 3.896 0.570 0.297
3.000 4.066 0.895 0.477
4.000 4217 1.204 0.656
5.000 0.843 1.263 0.713
6.000 0.603 1.207 0.711
7.000 0.565 1.147 0.705
8.000 0.541 1.091 0.698
9.000 0.520 1.037 0.689
10.000 0.499 0.987 0.681
11.000 0.479 0.940 0.671
12.000 0.461 0.895 0.661
13.000 0.443 0.853 0.651
14.000 0.426 0.813 0.641
15.000 0.410 0.775 0.630
16.000 0.394 0.740 0.619
17.000 0.379 0.706 0.607
18.000 0.365 0.674 0.596
19.000 0.352 0.644 0.584
20.000 0.339 0.616 0.573
21.000 0.326 0.589 0.561
22.000 0.315 0.563 0.549
23.000 0.303 0.539 0.537
24.000 0.292 0.516 0.526
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In addition to the numerical outpuhe graph in the spreadsheet is automatically updateceanecopied or edited into
other documents. The graphical output for the infusion simulatishasvn inFigure19 for information.

Note:the concentration axis has a minimum value of 0.001 which corresponds to the value that is user defined prior
running (Row 2pwhereitsaysi Set a mi ni mum f or concent r asonaydookodd f
The accuracy for the numerical integration is normally 08Evhich seems to work well

Figure 19: Graphics output from a 3-compartment infusion model simulation

——Compt. 1 ——Compt.2 ——Compt. 3
10 3
1
) \
§ ]
2 01,
S ]
=
=)
&) ]
0.01 4
0-001 T T T T T 1
0 5 10 15 20 25 30
Time (h)

When t he 6Rundé Windawtwdl appaarswhichlallowskhe dser toachange ceganameters
(shown inFigure20). Note that the equations have been parsed ok from Eanelthe parameters are correct.
The 3compartment infusion simulation on an i7 computer only took 0.02 seconds so it seems véry quick

Figure20 Run ti me Wi ndow displaying the userdés equations and

Equations and parameters X
No. of equations Ma. variables Accuracy
Equations Amount (time 0) Parameters Volumes
1 [drt-cl*pl+pZ*cl-cl*pi+pd*ci-cl*ps | el [ﬁ pl [1 | [1o |
2 [(plxci-pz*c2) | ez o ] p2 [0.1 | [1oo |
3 [(p3=cl-pé=c3) | oe3 o ] p3 [0.5 | [1oo |
4| I p4 [os ] [1 |
5 | e5 0| ps [1.2 | [ |
o | | s wh ]
7 | A o B SN o B
> | I o R S0 o B e—
o | | e whb ]
10 | | etdfp ] p10 [0 | [ |
11 | oetfo ] pil [0 | [L |
12 | | etz ] P12 [0 | [t |
13 | | e13p ] P13 [0 e |
14 | N (I pi4 0 | [L |
15 | | e15p ] P15 [0 | [t |
16 | | 60| P16 [0 | [ |
17 | [ p17 [0 | [ |
18 | | e8p ] p18 o | L |

Boxes below for infusions only

Cancel 0K
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34 Rep®atsRD)( Si mul ator
3.4.1 Using built in explicit models

The repeat dose simulator will allow dosing regimens comprising different mddeéss, dosing intervals and
parameters in any sequence and permits up to 10 simulagexiswith up to 200 doses,a single run over a
user defined time perioéror simulatingrepeat dosprofless el ect t he s pRDe &d anud eatt
and enter the appropriate valu@viously, there will be more variables to enter the spreadsheet than for SC
simulations as additional parameters will be requidsgr specific time points are now perndtfeom V7.0
onwards and explained within the spreadsheet.

The models are shown in RaivColumnK which currently covers multompartmentintravenous, infusion

and oral functions with the sequence of parameters that need to be entered into the she&3 anRardslf
more than one RD simulation is required, all of the parameter information will have to be éotesth
OSubjectd number st aTheparagetees tand Boses et Aeed tdbe specifiad foAeach
dose as the simulator@lvs for different possibilitiesThe variablesthat need user input are dodesing

interval, modelwith parametersnfusion details if selected, and tbeerall profile time. For example, if the
profile time is240 h and the number of points per p®240, then the concentrations generated (R@4) fvill

be every hour. If the number of points per plot88, then concentrations every 0.5 h will be produced. Ensure
that the no of points per plottise same for each Subjestda multiple of the simaltion time or some
erroneous values may be generated.

As a specific exampld=(gure21 for input, Figure22) for outpu values andrigure23for graphics) a
simulation was conducted f@rSubjectausing dissimilar dosesnd dosing intervalEl-compartment oral).
After entering the parameters and clicking 2t he
profiles) will automatically update and a highality graphic file produced in directory\eCModfit
Vx.X\Result$ (x.x beingthe version number) with names suchREXSIm9.PNG or SDSim25.PNG which can
be used in other documents.

Figure 21: Smulation RD (10 dosesl-compt oral) 2 Subjects 1 same dose and different dose.

Model 7, 1-compartment oral

Subject 1

No. pts./plot 240

No. Subjects 2

No. Doses 10

Profile time 240

Dose No. 1 2 3 4 5 6 7 8 9 10
Dose 20000 20000 20000 20000 20000 20000 20000 20000 20000 20000
Interval 0 24 24 24 24 24 24 24 24 24
Model 7 7 7 7 7 7 7 7 7 7
Inftime

Infrate

Bol. Dose

Param. 1 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200
Param. 2 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Param. 3 0.028881 0.028881 0.028881 0.028881 0.028881 0.028881 0.028881 0.028881 0.028881 0.028881
Subject 2

No. Doses 10

Profile time 240

Dose No. 1 2 3 4 5 6 7 8 9 10
Dose 20000 10000 20000 10000 20000 10000 20000 10000 20000 10000
Interval 0 24 24 24 24 24 24 24 24 24
Model 7 7 7 7 7 7 7 7 7 7
Inftime

Infrate

Bol. Dose

Param. 1 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200
Param. 2 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Param. 3 0.028881 0.028881 0.028881 0.028881 0.028881 0.028881 0.028881 0.028881 0.028881 0.028881
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Figure 22 Example RD simulation concentration output

Time Subjectl  Time Subject 2
0 0.0000 0 0
1 6.4563 1 6.4562844
2 10.1884 2 10.188421
3 12.2735 3 12.273511
4 13.3647 4 13.3647
5 13.8580 5 13.857997
6 13.9935 6 13.993451
7 13.9165 7 13.91652¢&
8 13.7153 8 13.715311
9 13.4431 9 13.44311¢%
10 13.1321 10 13.132138
11 12.8018 11 12.801794
12 12.4637 12 12.46373€
13 12.1249 13 12.124924
14 11.7895 14 11.789457
15 11.4597 15 11.459722
Etc.
235 20.4151 235 13.6103
236 19.8344 236 13.2231
237 19.2700 237 12.8468
238 18.7216 238 12.4811
239 18.1888 239 12.1259
240 17.6710 240 11.7807

Figure 23: Example RD simulation graphic output

Subject1 e Subject 2

Conc. (ng/mL)

0 1 1 1 I 1 1 1 I 1
0 24 48 72 96 120 144 168 192 216 240

Time (h)

A slightly more complicated simulation is included here to help the user with their own predictions. In this
particular exampleshowing a Zcompartment modegninitial bolus andnfusion doses followed byseveral
oral doses at differemtosingintervals The parameters usédthis run are shown iRigure24 for input, Figure
25 for output and-igure 26 for graphics The simulation was conducted for 2 Sabjs usinghe same regimen
but half the dose througho(jtist to demonstrate the layoujfter entering the parameters and clicking the
ORundé button, the pict ur eprofiles) willladomatipallyapddte amckachigh (
quality graphic file produced in directory ®CModfit Vx.x\Result$ (x.x being the version number) with
names such as RDSIim9.PNGRiPSim125.PNG which can be used in other documents.

o
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Figure 24: Smulation (2-compt. model; bolus+infusion then oral)) for 2 Subjects(input).

2-compartment model, bolus + infusion followed bywarious oral doses(V1 for oral slightly higher i.e. 120)
Subject 1
No. pts./plot 240
No. Subjects 2
No. Doses 10
Profile time 240
Dose No. 1 2 3 4 5 6 7 8 9 10
Dose 0 20000 20000 20000 20000 20000 20000 20000 20000 20000
Interval 0 24 24 24 24 24 24 24 24 24
Model 5 8 8 8 8 8 8 8 8 8
Inftime 5
Infrate 5000
Bol. Dose 5000
Param. 1 100 120 120 120 120 120 120 120 120 120
Param. 2 0.49307 0.50000 0.50000 0.50000 0.50000 0.50000 0.50000 0.50000 0.50000 0.50000
Param. 3 0.08201 0.49307 0.49307 0.49307 0.49307 0.49307 0.49307 0.49307 0.49307 0.49307
Param. 4 0.18871 0.08201 0.08201 0.08201 0.08201 0.08201 0.08201 0.08201 0.08201 0.08201
Param. 5 0.18871 0.18871 0.18871 0.18871 0.18871 0.18871 0.18871 0.18871 0.18871
Subject 2
No. Doses 10
Profile time 240
Dose No. 1 2 3 4 5 6 7 8 9 10
Dose 0 10000 10000 10000 10000 10000 10000 10000 10000 10000
Interval 0 24 24 24 24 24 24 24 24 24
Model 5 8 8 8 8 8 8 8 8 8
Inftime 5
Infrate 2500
Bol. Dose 2500
Param. 1 100 120 120 120 120 120 120 120 120 120
Param. 2 0.49307 0.50000 0.50000 0.50000 0.50000 0.50000 0.50000 0.50000 0.50000 0.50000
Param. 3 0.08201 0.49307 0.49307 0.49307 0.49307 0.49307 0.49307 0.49307 0.49307 0.49307
Param. 4 0.18871 0.08201 0.08201 0.08201 0.08201 0.08201 0.08201 0.08201 0.08201 0.08201
Param. 5 0.18871 0.18871 0.18871 0.18871 0.18871 0.18871 0.18871 0.18871 0.18871
Figure 25: Simulation (2-compt. model; bolus+infusion then ora) for 2 Subjects putput).

Time Subject1  Time Subject 2

0 50.0000 0 25

1 62.4062 1 31.203114

2 70.3755 2 35.187761

3 76.1915 3 38.095757

4 80.9414 4 40.470712

5 85.1433 5 42.571653

6 52.5572 6 26.278581

7 36.8072 7 18.403617

8 29.0715 8 14.535763

9 25.1532 9 12.57662E

10 23.0559 10 11.527931

11 21.8295 11 10.914748

12 21.0222 12 10.511097

Etc.

233 26.2576 233 13.1288

234 25.6941 234 12.8471

235 25.1509 235 12.5755

236 24.6242 236 12.3121

237 24.1116 237 12.0558

238 23.6115 238 11.8057

239 23.1229 239 11.5614

240 22.6451 240 11.3225
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Figure 26: Simulation (2-compt. model; bolus+infusion then ora) for 2 Subjects putput graphics)

Subjectl e Subject 2

Conc. (ng/mL)

0 T T T T T T T T T 1
0 24 48 72 96 120 144 168 192 216 240

Time (h)

A morecomplexsimulationwas conducted o f ur t her wveri fy t heusingpublisied t
datd, whichdescriledtherein;avery goodexample of an IVIVGconvolutionapplicationin drug dissolution

for the drug diltiazemOne of the primaradvantaggsof using the convolutioapproachas described in the
referenceis that it does not require data fromiarvivo study of the test product, andimsfact product
independentln this particular exampldyased on aingle exponentiadeclinemodel(1-compartmentModel 1)
the parameters uséak the simulation ovea 24 h periodwere,Vq= 371 L and t¥% = 3.2 f &= 0.217 ht) with

F = 0.44for bioavailability adjustment of result§he equivalent doseited in the referenceere adjusted to

ng and the \{to mL,to ensue thefinal concentrations produced in the simulation were the sameg/mL
The O6RD Simul ator é s pr e astavhireRgture2l belpw(Row 22foowardsfoth i s
information Note that the %dose equivalent is zero &ilow for the P! Dissolution Sampling Time of 0.08 h.

In addition, note that this example contains différdoses and dosing intervals across the entire 24 h period.

Figure 27: Repeat dose simulatiorspreadsheetayout usinga IVIVC publi cation example

Enter titles No. pts./plot 2400

(in yellow) No. Subjects 1

Diltiazem No. Doses 10
Profile time 24
Dose No. 1 2 3 4 5 6 7 8 9 10
Dose 0 1658800 2142800 1936000 5249200 5596800 3555200 5095200 1592800 558800
Interval 0 0.080 0.090 0.080 0.250 0.250 0.250 0.500 0.500 1.000
Model 1 1 1 1 1 1 1 1 1 1
Inftime
Infrate
Bol. Dose
Param. 1 371000 371000 371000 371000 371000 371000 371000 371000 371000 371000
Param. 2 0.21700C0.21700C0.21700C0.21700C 0.21700C0.21700€0.21700C 0.21700C 0.21700C€0.21700(

+0 |1 n -MVivorCorrelation (IVIVC) and Determining Drug Concentrations in Blood from Dissolution Testng
Si mple and Practical Approachbd, Saeed A:A47.Qureshi, T
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The results from the simulation, were ideatito those shown in the publication. As the requested number of
points chosen was 2400, mainly to capture all time points shown in the reference, the graphical output
demonstr at edt oao tiphyefieigice2d) aswosldhbe expected using a bolugdponential model.
The time values request ed weneséttomamtchittivsenndhe publieationd n
thegeneratedoncentration valuesre shown belowvhich concur very closely to those in the original paper.
These values were also plotted to directly comfiaase simulated resulgth the published ones as a plot,
alsoshown inFigure28 (lower).

Overall thesimulationresults were identicab those in the aforementioned publicatibas further
demonstratinghe validity of the PCModfit repeat dose simulator for use in drug predicliblesdata that was
generated from this simulation were also modelled, shown in S&8d8 and the results were identical.

Figure 28 Numerical results and plos of the simulated diltiazem data

Enter user

time values Diltiazem 70 -
0.000 0.000 — Diltiazem
0.080 4.471 60 |
0.170  10.160
0.250  15.204 50
0.500  28.550
0.750  42.128 = 40
1.000  49.486 g
1500 58.132 .
2.000 56.448 S
3.000  46.943 S 2
4.000 37.786
5.000 30.415
6.000 24.482 10 1
7.000  19.706
8.000  15.862 0 : : : :
9.000 12.768 0 2 4 6 8 10 12 20 22 24
10.000 10.277 Time (h)
11.000 8.272
12.000 6.659 70 1
13.000 5.360 —— Diltiazem
14.000 4.314 60 A
15.000 3.473
16.000 2.795 50
17.000  2.250 _
18.000 1.811 g 40
19.000  1.458 E:
20.000 1.173 S 30
21.000  0.945 £
22.000 0.760 0
23.000 0.612
24.000  0.493 10

0 2 4 6 8 10 12 20 22 24
Time (h)
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342 Userdef i ned o6Di ff emodels(RD saintulatiérigglu at i on 6

This option forRD simulatonswill allow users to creatéosing regimenwith their own differential equations.
The module allows fodifferent models, doses, intervals asfthnges irvariablesn any sequenceithin a
single run (p to 200 doseandup to5000 data points)ver a user definednie period. For simulating repeat
dose profilesselectt h e s pr e a d Diff.&gnt Simulattr (RDJ e dbilodd the instructionsThereare
more variables to entar the spreadsheet thaequired forsingle dosess additional parameters such asidg
intervals, number of dosgsodelsetc. will be requiredUsers not conversant with creating differential
equations irPK may find it useful to read Appendéwhereanexamples shown.

As aspecific example, consider a dosing regimen where aisltogoe administered as a bolsnfusion and
then a series of oral maintenance dasgiis different doses and intervaldopefully, the following information
will be sufficient to help the user to set up a regimen for a successful simuldt@eaymbolsn the equations
used by PCModfit for this exampézedepicted inFigure29.

As the first dose will be a bolus, theodelschematidshown inFigure30) andthe equations that the program
will needarelistedin Figure31.

Figure 29: Symbols used in the Zompartment modelequations(bolus, infusion and oral)

Symbols (PCModfit egns.) Parameter Meaning
pl K12 Transfer rate of drug from Compt. 1 to 2
p2 ko1 Transfer rate of drug from Compt. 2to 1
p3 K10 Transfer rate of drug from Compt. 1 to Waste
p4 Ka Absorption ratdCompt. 3 to Compt. 1)
cl A1 Amount in Compt. 1 at time zeKbolus dose)
c2 Az Amount in Compt. 2 at time zero
c3 As Amount in Compt. 3 at time zero (oral dose)
D D Dose (infusions only)
T T Infusion time
DIT Rate (k) Must be used in infusion models (deigure33)

Figure 30: Pictorial example of a 2compartment bolus model

pl
D —_— .
(Bc?lii;) = Blood (c1) Tissue (c2)
p3 p2
Y
Waste
Figure 31: Equations for a2-compartment bolus model
Compartment Equation
c1 (blood) -c1l*pl-c1l*p3+p2*c2
c2 (tissue) pl*cl-p2*c2

The amourg of drug inCompt. 1 (c1)andCompt. 2 (c2)at zero time (cO values the spreadsheet, Row 101
onward$ will be theDose and zero, respectively
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For the infusiormodel pictured inFigure32) the equationare simila to the boludut with the added term of
rate (D/T)for Compt. 1(Figure33) and for such models should always be defined.

Figure 32 Pictorial example of a2-compartment infusion model

pl
i —_—
In?ﬁ;zl;;o)se Blood (c1) Tissue (c2)
p3 P2
\ 4
Waste
Figure 33 Equations for a 2compartment infusion model
Compartment Equation
cl (blood) D/T-c1*pl-c1*p3+p2*c2
c2 (tissue) pl*cl-p2*c2

The amounts of drug in Compt. 1 (c1) and Compt. 2 (c2) at zero time (cO values in the spreadsheet, Row
onwards) will both be zero.

For the oramodel (pictured ifFigure34) the equations amifferent to thebolusand infusion models due to
the addition of Compt. 3 (the gut) and hettue added term absorptiorrate ka) (Figure35) will need tobe
definedin the equations

Figure 34: Pictorial example of a 2compartment oral model

p4 pl
—- .
Gut (c3) |=————p | Blood (c1) Tissue (c2)
f—
p3 p2
Y
Waste
Figure 35: Equations for a 2compartment oral model
Compartment Equation
cl (blood) c3*p4-cl*pl-c1*p3+p2*c2
c2 (tissue) pl*cl-p2*c2
c3 (gut) -p4*c3

The amount of drug i€ompt. 1 (c1) andCompt. 2 (c2) at time zero willothbe zeroHowever, br compt. 3
(the gut) the value at time zero will be vl dose.

How does the user set up a simulatismgthe progransuch as the one described?

First step

The cells in the spreadsheet with blue characters should not be orarehged athe pogram may end up
generating numbers that are completely meaningkessthe simulation,gecifically, in the®iff. Eqn.
Simulator (RDpspreadsheet, Row Ihiwards(in this case) needs to be populated with the numbers of
equations, compartments, paramgtend actual equations for the simulation.
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For this exampleModel 1 is the bolus dose, Model 2 is the infusion and finkiydel 3 is the oral modeh
screerclip from thespreadsheas shown inFigure36 to demonstrate thisyith theappropriate datancluded

At the top of the spreadsheet there is an OExan
several equations that can be copied into the apprepedis to make things easier. The user may add their
own equations if requiredd Row 21 onwardasshown inFigure36, below

Figure 36: Spreadsheet information required for Step 1 of the simulation

Secondstep

Slightly further down the spreadsheet (Row 46 onwards) other information needsufgpbed(screen clip
shown inFigure37).The &6 Mi ni mum value for the | ogarithmic
should be entered and the numbers shown for each is a guide for thEheservalues can beodified if

required, although these settings seem to work well for most simulations. Hopefully, the remainder of Step
self-explanatory and should laelaptedor the required regimen.

Notethath e O No. pts. 6 ( Row 5 3) muhipie dftheld éfilatimed(andtvicepetsa (
For instance, if the profile time is 100 h, then the number of points can take values of 25, 50, 100, 200, 10
etc. depending on the concentratione values required (100 points would calculate values every #ds0).
regarding the number of points, although iteximum is 5000, bear in mind thattll takelongerto generate
these particularly if there are numerous doses and equadtiomerical integratiorcan bea fairly complex
processandsometimegussywith respect to accuradyut 1.0E07 seems to be ok in most situatioRsr this
particular example, using computer withan i7 processor, the n u mb e r  @noaedure bniy togkH
seconds t@ompletethe simulation.

Figure 37: Screen clip from spreadsheet detailing some values for the current simulation

To move around the spreadsheet more easily, theceBre e vi ous 6 and ONexté but
having to scrolthe sheet tonake life easier.

Third step

The next set of values to enter are the actual parameter values from Row 72 onwards. For thistegeanple,
are 3parameters for Models 1 and2L, p2 and p3) with an additional one for Model 3 where the absorption
rate (p4l ka) is added (p1, p$3 and p4)These parameters should be entered for each dose and can be
different for each one, if requiretb increase flexibility.
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