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General

EquivTest/PK now has the added feature of simple-to-use, built-in pharmacokinetic functions. It provides a
fast and easy means of calculating and plotting the basic and most commonly used pharmacokinetic

parameters.
Cmax, Tmax, Lag Time, AUC(0+), AUC(t-¥), AUC(0-¥), AUC(O-t)/AUC(0-¥ ), Mean Residence Time,
AUMC(0t), AUMC(0-¥), Half-Life, Elimination Rate Constant (I ).

All of the PK calculations in EquivTestPK are based on noncompartmental methods of analysis for the
estimation of pharmacokinetic parameters.

To accessthe pharmacokinetic functionality in EquivTestPK, click on the File menu from the main
EquivTest/PK screen and select New. From the list of File Types, select EquivTest/PK — Datasheet.

The Study Design setup screen appears.
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This screen alows you to set up the datasheet that is going to contain your concentration values and your
subject, group and period identifiers.

Under Number of Subjects, either typein the total number of subjectsin your study, or else use the up and
down arrows to scroll to the desired number.

Under Number of Groups, either typein the total number of groupsin your study, or else use the up and
down arrows to scroll to the desired number of groups. For example, for a 2x2 crossover design you would
enter 2 as the number of groups. Group names, or labels can be assigned to each of the groups, and when
you enter the desired number of groups, the number of fields for entering the group namesis updated
accordingly. Numeric values or text values can be used as group names.

The Number of sampling pointsisthe number of points at which a concentration value wasmeasured.
Y ou can either type in thetotal number of sampling pointsin your study, or else you can use the up and
down arrowsto scroll to the desired number. When you have entered the number of sampling points, the
table displaying the time valuesis updated accordingly. In most studies, concentration values are not
measured at equal time intervals, so in this section the user specifies the time values at which
measurements were taken. It isimportant to note that the unit of time used must be the same for al of the
time values. Y ou can enter integer values or decimal values here. Whatever number you enter as the time
value will be prefixed by the letter T and will be used as alabel for the column in the resulting datasheet.

The Limit of Quantitation (LOQ) canalso be set in this screen. Thisvalueis stored as an attribute of the
datasheet. Concentration values below the LOQ that occur before Cmax (the maximum observed
concentration for a particular subject) are set to zero in the cal culationsand concentration val ues that occur
after Cmax are set to the value of the LOQ.

If you click on the Advanced Settings button, you will see the following screen:
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Under Select Spreadsheet type, you can choosethe format in which you want your data to appear. Data
for these types of studies can bestored as “Multi Variables/Subject” —where concentration values for the
different sampling points are stored in separate columns, so each row corresponds to one subject’s
concentration/time profile.

Alternatively, the data can be stored as “Multi Records/Subject” — where the concentration values are
stored in one column with another variable to identify the sampling point.
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For Decimal Places, the user can control the number of decimal places to be displayed in both the
spreadsheet and the Resultstab. The user also has control over the number of decimal places that will be
transferred into the equivalence testing part of the program for further analysis. If you selected All
decimals, then the entire number as stored in memory will be transferred, whereas if you select Displayed
decimalsonly, then just the decimals that are displayed on screen will be transferred.

The Units of Measure section controls the units of measure that will be displayed in the concentration/time
curves. EquivTest/PK offersthe user alist of most of the commonly used units—

grams (g), milligrams (mg), micrograms (mg), nanograms (ng), picograms (pg), femtograms (fg), litre (L),
decilitre (dL), millilitre (mL)
If you have some other unit that you want to specify you can simply enter it in thefield labelled Other as

free text. Whatever selection is made here will appear as the units on the Y-axis of the concentration/time
curves.

Under Value of Ck to be used in calculation of AUC, the user has the choice of either selectingthe
observed concentration value or the estimated concentration value. This setting relates to the concentration
value that is used in the calculation of the AUC. See the “ Calculation of Pharmacokinetic Parameters’
section later in this chapter for further details.

Under MissingValues, the user can selectLinear Interpolation or No interpolation. If you select Linear
Interpolation, then the system will linearly interpolate between any missing concentration values when
calculating the AUC. If you select No Interpolation then any missing values will be excluded from the
calculation of the AUC.

When you are satisfied with the values you have entered for the number of subjects, groups etc., and you
click OK, aspreadsheet corresponding in size to the dimensionsthat you specified will appear.
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By default, all concentration valuesfor time zero are set to zero and the remaining concentrations are blank,
but the user has the choice of either performing the data entry directly into EquivTest/PK, or copying and
pasting the concentration values from EXCEL or any other spreadsheet. Note that blank concentration
values are highlighted in the datasheet —this makes it easier to spot missing valuesthat occur in the data.
Thevaluesfor Period have been left blank, sothe user will need to fill thesein. In the screen above, the
data appear in the format of “Multi Variables/Subject”, but this can be changed to “Multi Records/Subject”
at any stage during the analysis by making the appropriate change in the Advanced Settings dialogue.

By default, the dataset is sorted by Group, and then by Subject. Y ou can, however, change the sort order of
the data at any stage by right-clicking on the column header of the variable on which you want to sort, and
selecting either “ Sort A scending” or “ Sort Descending”.

Once the data has been entered (or copied and pasted from an external source), you can immediately look at
some basic summary results for the data by clicking on the Results tab.
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This screen shows atable of all the raw data values along with some summary statistics. Note that any
values below the limit of quantitation will be displayed as“<X” where X isthe value of the LOQ that was
set.



For each sampling point within each group, the summary statisticsthat are given are:

N The number of concentration values that are above the LOQ
The geometric mean of the N concentration values. The arithmetic mean
n
Geom. Mean of aset of numbers X, X,,..., X, isjust é X, . And the Geometric mean

i=1

is exp[% anx]

i=1

Exp(mean +/- SD, Ln-data)

Thisisaninterval of +/- one standard deviation of the geometric mean.
The mean and standard deviation of the log transformed values to create
the range (Mean-1SD, Mean+1SD) and then this rangeistransformed
back to theoriginal scale.

Thisisthetotal number of concentration values at each sampling point

N (including those that are <L OQ).

Median The median of all the concentration values at each sampling point.
Min. Theminimum of all the concentration values at each sampling point.
Max. The maximum of all the concentration values at each sampling point.

Thedatain thisscreenisin HTML format and so can be easily copied and pasted into avariety of word-
processing and s preadsheet applicationswithout losing the formatting on the screen. You cansimply use

your mouse to select sections to copy or aternatively hold down the CTRL key and press A to select al the

text.

Back on the Raw Datatab, the user has a sel ection of summary plots available.
If you click on the drop down list of plots, you can select from the following:

- Within subjects plot
- Mean treatment plot

- Geometric means plot
- All subjects per treatment
- All subjects per period




The Within subjects plot produces aplot that shows the concentration/time curve for each treatment group
for aparticular subject on one graph. Y ou can create “Within subjects plots” for one subject, a subset of

subjects, or for all of the subjects together. Simply select the subjects that you want plots for from the
datasheet and click on the Generate Plot button.
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For each of the other 4 plot types, you just make your selection from the drop down list and click on the
Gener ate Plot button.

The Mean treatment plot shows the mean concentration value at each sampling point for each treatment.
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The Geometric means treatment plot shows the geometric mean of the concentration values at each
sampling point for each treatment.

Geometric means plot
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The All subjects per treatment plot shows a separate plot for each treatment group. The plot includes the
concentration/time curves for every subject. Note you can use the right click menu on these plots to toggle
on and off the plot legend.
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The All subjects per period plot shows aseparate plot for each period. The plot includes the

concentration/time curve for every subject. Note you can use the right click menu on these plots to toggle
on and off the plot legend.
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For further details on various plot options, see the Plots section later in this chapter.
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How to calculate the PK Parameters

In order to calculate the PK parametersin EquivTest/PK, the user must first ook at each subject’s
concentration/time curve and select the point from which the terminal elimination rate will be calculated. It
is possible to view these profilesand perform the PK cal culations on a subject by subject basis, or
dternatively you can view the profilesfor al of the subjects at the same time and do all of the PK
calculations together.

To perform the PK cal culations for one subject only, click anywhere in the row for the particular subject of
interest and then click on theCalc PK Params button.

The concentration/time curve for that subject will appear.
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Thisis made up of a Standard plot and a Semi-Log plot. The X -axis of both plots corresponds to the
sampling points that were specified in the Design Setup screen. The Y-axis of the Standard plot
corresponds to the concentration values for that subject and the Y-axis of the Semi-Log plot isjust these

same concentration values plotted on alogscale axis. The units of the concentration values areincluded on
theY -axislabel, and theseunits can be set in the Advanced Settingsscreen.

{For further details on how to edit and save plots see thePlot section later in this chapter.}

Y ou use these plotsin the calculation of the AUC. In asingle-dose study, the AUC (0-¥) is usually
calculated in two steps; the linear trapezoidal ruleup to the last sampling point above the limit of
quantitation, plus extrapolation to infinity. Linear regression of the natural logs of the observed
concentration values during the terminal monoexponential phase versustime is used to estimate the

terminal rate constant, | . Let (tx, G.) denote the last sampling point above the LOQ, and let | « denote the

estimate of the terminal rate constant and C, the estimate of the concentration at time t,. By default, it is
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this estimated concentration value C, rather than the observed value C, that is used in the calculation of

AUC(0-ty) by linear trapezoidal formula up to (tg, Ck ). Thisisto avoid adiscontinuity between the
measured concentration/time curve until ty and the fitted monoexponential phase from t, onwards.

However, if you would rather use the observed concentration value C, instead of the estimate C, , you
can change this setting in the Advanced Settings screen.

{For further details on the calculation of the AUC see the Calculation of Phar macokinetic Parameters
section later in this chapter}

Y ou use this concentration/time curve to determine the time interval to be used in the calculation of the
terminal monoexponential phase. Y ou can click onany point on the concentration/time curve, and this
point is used as the starting point of the terminal monoexponential phase. The endpoint isaways going to
be the last observed concentration value >0. When you make your selection, alist of results appearsin the
areajust below the plots. These results allow you to evaluate your chosen starting point and compare it with
other selections. When you click on another point on the plot, the results are updated appropriately. The
results listed here are:

Regression calculations :
In(Ci)=3.84 + (-0.08) Ti Subject: 1 Group: reference
Selected Time: 36.0 Sum x* 10736.0 Peasons R -1.00
AUC-T 223.00 AUC - oa: 226.41 (AUE-t) 0.98
R-Squared 1.00 (e

- Theregression equation resulting from alinear regression of the natural log of the concentration
valuesversustime.

- Theselected timevalue.

- The AUC up to the last observed sampling point above the limit of quantitation.
- TheR-Squared value of the linear regression.

- Thesubject number.

- Thesum of squares from the regression.

- TheAUC toinfinity.

- The Group that the specific subject belongs to.

- Pearson’s correlation coefficient.

- Theratio of AUC(0- tk)/ AUC (0-¥). This should exceed 0.80 for every subject (i.e. the fraction of
the curve that is extrapolated should not exceed 0.2 or 20% of the total AUC).

Once you are happy with the time point that you selected here, you can click on theReport button to send
these results to aRich Text File (RTF), or you can Print the results directly from within EquivTest/PK, or
you can click on the OK button. When you click OK, you are returned to the datasheet and if you click on
the PK Parameters tab you will notice that the various PK parameters have been filled to the datasheet for
the particular subject that was sel ected.

Y ou can also select a subset of subjects and perform the PK cal culations for those specific cases together.
Y ou can highlight consecutive rows by just clicking and dragging your mouse, or to highlight non-
consecutive rows, hold down the CTRL key on your keyboard and click on the rows you wish to select.



Alternatively, you can select all subjects by clicking on the Subject column heading, or by just clicking and
dragging the mouse to highlight all rows. If you select all subjects and click on the Calc PK Params
button, the concentration/time curv es for each subject will appear. You canthen go through them one-by-
one specifying the point for cal culating the slope of the terminal monoexponential phase.

Calculation of the Pharmacokinetic Parameters

For a specific subject, let C,,C,,..., C, betheir plasma or blood concentrations obtained at time 0, t,,..., t, ,
respectively. Where C; is the last observed concentration above the Limit of Quantitation (LOQ) and tk is
the corresponding time point.

Cmax — isthe maximum observed concentration from time O to the |ast observed concentration for each
subject.

Tmax — is the time point at which the maximum concentration occurs.
Lag Time- isthetimeto thefirst positive concentration value.

The Area under the Curve (AUC) isthe area under the concentration/time curve cal culated using the linear
trapezoidal rule. In asingle-dose study, the AUC(0-¥ ) isusually calculated in two steps— thelinear

trapezoidal rule up to the last sampling point above the limit of quantitation, plus extrapolation to infinity.

The AUC from O'to t, , denoted by AUC(O-1,.), is obtained by

& +C
AUC(0-t,) = g 9—"1+ : (-r)(ti - t)
i=1 € 2 4]

A~

{ Note that the last C value to be used herecould either be C, (the observed concentration value) or Ck

(the concentration estimated at 1, ). By default, the estimate C, is used, but this can be changed in the
Advanced Settings dialogue box.}

The AUC should be calculated from zero to infinity, and not just to the time of the last blood sample. The
AUC from zero to infnity is denoted by AUC(0- ¥ ), and can be estimated as follows

AUC(0-¥ ) =AUC(O-t, ) + ék /IAk

where | | isthe estimated elimination rate constant.
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For the estimation of the elimination rate |Ak , the user must specify the point from which the slopeisto be

calculated — this can be different for each subject. The slope is based on alinear regression of the natural
log of the observed cancentrations, where the resultant regression line would be

In(C;) =In(a) +1 ()

AUC(0-t, )/ AUC(0-¥ )isused asanindicator of the fraction of the concentration/time curvethat is

extrapolated. Theratio of these two values should be greater than 0.80 for every subject. In other words, the
fraction extrapol ated should not exceed 20% of the total AUC.

Area Under the Moment Curve (AUMC) calculates the area under the moment curve, i.e. under the curve
for (concentration* time) versus time using the linear trapezoidal rule.

K o . *t . +C *t §
AUMC(O-1,)= @ &y, +G T % -t.)
i=1 € 2 2

{Again, notethat thelast C valueto be used herecould either be C, (the observed concentration value) or

ék (the concentration estimated at 1, ). By default, the estimate ék isused, but this can be changed in the
Advanced Settings dialogue box.}

AUMC(O-¥ ) = AUMC(0-t, ) + (C, * t /17, )+ (C, /1"7)
Mean Residence Time (MRT) = AUMC(0- ¥ ) JAUC(0- ¥)

Half Life— during the elimination phase, the elimination half-life (t;,,) isoften studied. The plasma
elimination half-life is the time taken for the plasma concentration to fall by one half.

Half Life, t,,, :m

k
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Plots

EquivTest/PK has 6 different plot types;

- Theindividual concentration/time curvesthat are used in calculating the AUC.
- Within subjects plot.

- Meantreatment plot.

- Geometric means plot.

- All subjects per treatment plot.

- All subjects per period plot.

The optionsfor printing, editing etc. are thesame for al of the plot types. If you right click anywhere on
any of the plots you will see the following menu:

Properties, .,

Save as...
Prink. ..
COpY...

Plot Properties

If you select Properties from the right-click menu you will see the following dialogue box.

Plot Properties fgl

Titke | plot | Gther |

General: -

Shovy Tikle: i~

Texk: iSemi—Log Plok - Subject 1

Fonk: J sSerif.bold, 15 Seleck...

Colar; I cclect

Zancel




Y ou can use this dialogue box to edit aspects of the plot, including axistitles, symbols, background colours
etc.

On theTitletab, you can change thetitle of your plot and you can also specify the font and colour. Y ou can
also switch off the plot title completely by clicking in the tick box opposite “ Show Title".

Plot Properties E]

Title Plot | Other |
K Plat:
H-fords ] ¥-ixis | Appearance |

~General:

Label: |Time

Faonk: | Select...

Paint: N oot

Other
Ticks l Range]
[v Show tick labels

Tick label Fonk: { : Select. ..

[v Show tick matks

Cancel ‘

On thePlot tab, you can changethelabels of the X and Y axes and also change the font and colour that is

to be used. Y ou can choose whether or not you want to have tick labels and tick marks displayed on the
plots.

If you click on the Range tab in the lower part of the dialogue box, you will see the following screen:

-Other

Ticks Range |

v Auko-adjusk range:

Minimum range value; |

Maimurm range value: | :

By default, EquivTest/PK automatically sets the axes ranges based on the actual data, but you can switch
off the Auto-adjust option and specify your own minimum and maximum valuesif you wish.

On the Appearance tab, you can change the width of the line, the outline paint colour, the background
paint colour, and you can change the orientation of the plot from vertical to horizontal.
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Chart Properties

Tile Plot | other |
[®Y Plat:

~eneral:
Outline skroke:
Outline paint:
Background paint;

Orientation:

K-ts | -xis Appearance |

®e @
N cclect...

[ ]  Select...

Seleck...

Vertical -

3

Cancel

By default, the plot is Anti-aliased. This means that the edges of the lines, dots, etc. have been smoothed.
Y ou can turn this option off by unchecking the tick box labelled “ Draw anti-aliased” that appears on the
Other tab. Y ou can also change the background colour of the plots on this tab.

Plot Properties

Title | Plot Other |

@eneral; -
v Draw anti-aliased

Background paint:

] Select...

X]

Cancel
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Saving Plots

If you right click on aplot you can select Save as ... and save the plot asaPNG (Portable Network

Graphics) Image File. These are compressed bitmap files and are readable by awide variety of
applications, including Microsoft Word.

Printing Plots

To print aplot directly from within EquivTest/PK you can right click on the specific plot and select Print.

Page Setup

FPaper

Size .
Source: J Automatically Select _:J
- Orientation 1 Marginz [millimeterz]

& Portrait Left: 25.4 Right:  |25.4

" Landscape Top: 254 Bottan: 125.4

ak. | Cancel ‘ Printer... |

The print options allow you to select the paper size, the orientation, and the margins for printing.
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Zooming

Y ou can zoom in on a specific areaon a plot by simply highlighting the particular area with your mouse.
To highlight an area, click and hold down the left mouse button and drag to create the selection. Note that
to make the selection you must drag downwards and to the right.

Semi-Log Plot
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To zoom back out to the original view, just click anywhere on the graph and drag the mouse up and to the
| eft.
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Example

A sample dataset has been provided with the program. Thefileis called EXAMPLE.EQA and islocated in

the SAMPLESfolder. Thisfile contains blood concentration values measured at 24 sampling points, for 18
subjectsin a2x2 crossover study. There are two treatment groups— Reference and Test, and two periods—
land 2.

When you launch EquivTest/PK, click on the File menu and select Open, and from the list of File Types,
select Equiv Test PK — Datasheet (*.eqa)

Browse to the SAMPLES subdirectory of the folder where you installed EquivTest/PK. Note that if you
selected the default installation location, this would be

C:\Program Files\Statistical Solutions Ltd\EquivTestPK\Samples\

And select the file Example.ega.

When the file opens, you should see the following spreadsheet:

RaaCotn | Resubs | PEParamcters |
e non non D43 12 180 238 207 =]
wrsrns 1 om0 o 53 b 180 258 315
wreere 2 non non 060 T L 145 7 an
wtenie |1 000 o .56 14 254 138 874
[P 000 o .00 e aat |t 24 i =3
‘ 2 000 o oM 65 108 178 203
h oo an s .18 [17 238 22¢
2 000 oo 14 35 07 BT tag
[ o oo oo fzs l10a [ 48 It ze
.| .|:||:||:| :IZII:II:I .053 .1.35 .11ﬂ .31I| .455
i non am on hr EZ 280 5
1 non non 083 59 EEE 1553 B3
2 00 n1g s 740 [ 293 146 ;|
eene |2 o o 038 193 193 [254 358
ieference 2 0.0 .1 .00 0.0 8 048 270
eerenes |1 000 a1 2 .58 1238 248 45
1 000 o 0.5 118 251 114 578
2 000 o 056 o 2 bas |aae
2 oo o 'R 5 g g 1100 IEEY
2 000 a0 018 f7e 141 258 lz7
.| .|:||:||:| .|J1-3 .3|5 .F3|:| .1|:|.53 .||23 .|I|5
.7 .rl nn | :I-||'||'| .? l:ﬂ .I’u 1 .R 20 .ﬂ.lﬂ .||'|H.l .‘:;I
| |

This dataset is stored in the format of multiple variables per subject, i.e. the concentration values for every
subject are stored in separate columns. EquivTest/PK also handles datain the format of multiple records
per subject, i.e. concentration values for every subject are stored in one column with a separate variable to
identify the sampling point. Y ou can change between these two formats at any stage by clicking on the
Settings menu and selecting Advanced Settings, and from the Select Spreadsheet type section, select
either “ Multi Variables/Subject” or “Multi Records/Subject’.

Y ou can immediately ook at some summary statistics for this data by clicking on the Results tab. Thiswill
give the Minimum, Maximum, Mean, Median etc., concentration value at each of the sampling points for
each of the treatment groups.
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To obtain the actual pharmacokinetic results, you must first ook at the concentration/time curves for each
subject and select the point from which you want to calculate the terminal elimination rate. To view all the
concentration/time curves, click on the Subject column heading to select all of the rows in the datashest,
and then click on theCalc PK Params button.

This opens a new screen which contains two plots for each treatment for every subject. The plot on the left

hand side is a standard plot of the observed concentration values versus time, and the plot on the right hand
side is asemi-log plot (where the concentration val ues have been plotted on alogscale axis).
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Y ou can click on any of the points on the curve to set it as the point from which the terminal elimination
rate will be calculated. Once you have made your selection here, EquivTestPK will fill out the area directly
below the plots with the resulting AUC values, andwith the details of the regression line that was used to
determine the terminal elimination rate, | . Y ou can change your selection here by simply clicking on
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another point on the curve and the results section will be updated appropriately so the effect of including or
excluding extra data points can be evaluated immediately.
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Scroll through the entire list of concentration/time curves for each subject and select a point on each of the
plotsfor calculation of the elimination rate.

When you have completed this for each subject, you can click on theReport button to send all plots and

resultsto an RTF file (Rich Text File) for printing or saving. Alternatively you can print all the plots and
results directly from within EquivTest/PK .

When you are satisfied with your selections, click theOK button to view the actual PK results. Thiswill
bring you back to the datasheet view and if you click on thePK Parameters tab you will seethat all the
various PK parameters have been calculated and filled into a separate spreadsheet.

If you click on the FI NI SHbutton at the bottom of the PK Parameters tab, the program will convert the PK
parameters datasheet i nto an EquivTest datasheet (*.etd) and you can proceed to perform equivalence
testing in the main EquivTest program — see the EquivTest User Reference manual for further details on the
equivalence testing options available.

References

Sauter, R., Steinijans, V.W., Diletti, E., Bohm, A., and Schulz, H.-U.1992 Presentation of resultsfrom
bioequivalencestudies. International Journal of Clinical Pharmacology, Therapy and Toxicology, Val. 30,
Suppl. No. 1, ppS7-30.

Chow, S-C., Liu, JP. (1992): Design and Analysis of Bioavailability and Bioequivalence Studies.
Published by Marcel Dekker Inc., New Y ork.



