Exercise 2

Data plotting 

Objectives of the exercise

· Include and exclude data in a WinNonlin worksheet

· Simulate a data set in Crystal Ball

· Produce and format a spaghetti plot

· Plot a pooled data set (mean± SD)

· Learn to critically inspect a figure

· Acknowledge that a figure of pooled data can be very misleading

· Learn some good plotting practices

Graphs are pivotal for pharmacokinetic (PK) and pharmacodynamic analysis (PD).

Plots are required:

· Before the analysis, to checkout the data set. 

· For initial exploratory analysis

· During the analysis, in model diagnosis and to guide model development.

· After the analysis, to communicate and report results.

Considering the importance of plotting in PK, a kineticist should master plotting practices. The following resources can be useful to learn how to plot in PK & PD.

[image: image1.emf]
[image: image2.png]ONTACT US| SUBSCRIPTIONS | ARCHIVE

The Annals of Pharmacotheragy: Vol. 32, No. 7, pp. $18-828. DOI 10.1345/aph 17304
© 1998 Harvey Whitney Books Company.

Research Articles

Statistical graphics in pharmacokinetics and pharmacodynamics: a tutorial

EIEtte




Plot before the analysis to checkout the data set 

· Folder 2: Exercise-good plotting practices

· Before any data analysis, it is necessary to ascertain that the data file to be used in the analysis is correct. 

· Two types of unusual or aberrant observations can be detected by plotting data: gross error and outliers; an outlier is an observation that is extreme and appears not to belong to the typical values of the data set.

· If the cause of aberrant values is clearly identified, action can be taken to correct an obvious error, as in the case of a mistake in recording data, or to omit a gross error in observation from the kinetic analysis. It is good practice to include the reasons for omissions of the aberrant values in the report.

· When no obvious causes are found, extreme values are often qualified as outlier values. Several actions are available depending on the nature of the problem such as keeping or discarding the data.  However, one should be wary about discarding data. 
· In WNL, specific cells, rows and/or columns in a worksheet can be excluded from analyses. The data selections are made using the Exclude and Include commands in the Data menu.

· Excluded cells are treated as missing data in analyses. Exclusions are ignored in merges and transformations. 
· To exclude a cell, select Data>Exclude>Selection from the WinNonlin menu.  The selected region is highlighted in red to indicate that it has been excluded.
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· In WNL, exclusion or inclusion of data can be based on criteria using logical operations
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An example of a user chart in WNL

for 24 vectors of plasma concentrations vs. Time profile generated using Crystal Ball

· We will first simulate using Crystal Ball (CB) a data set corresponding to 24 animals belonging to two different subpopulations: the so-called low and high metabolizers. 

· Crystal Ball is an add-on to Excel: it is a versatile graphically-oriented forecasting program, that is mainly used for risk analysis, but can also be used to specify any probability distribution for every input identified as an assumption cell in an Excel spreadsheet model.

· Here we want to generate 24 plasma concentration vectors corresponding to 24 animals to make a spaghetti plot of all results of all subjects.

· With Excel closed, open CB

Crystal Ball Welcome Screen:

[image: image5.png]'O Welcome [ )

Welcome to Oracle Crystal Ball, Fusion Edition

Accessiiity @ Classroom Edition

[CJ Enable accessibility options
Q) vsecnsaian
Resources.

‘Academic Program

Crustal Ballonhe e
CovsaBaon e weo ﬁ openWorkbook

B ccamse

Showatstartup  Licensed to username: pl.toutain@envt.fr

‘Copyright @ 1988, 2010, Oracle andor is affiliates. Al rights reserved. ORACLE'





· Click use CB or open Workbook if you want to directly use an already existing Excel sheet.

Crystal Ball menus

· When you load CB with Excel, some new menus appear in the Excel menu bar and a specific CB toolbar
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Cristal Ball toolbar 

· The CB toolbar provides access to the most commonly used menu commands 

· Each of the following sections of the toolbar corresponds to a menu.
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Define your model in Excel

· You have to define a model by creating a spreadsheet with data and formula cells that represent the kinetics you want to simulate.

We will use the simplest PK model corresponding to a mono-compartmental model for an IV bolus administration i.e.  Eq.1
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Eq. 1

Where Y(t) is the plasma concentration at time t, Y0 the intercept (plasma concentration at time 0) and K10, is the rate constant of drug elimination.

For our example, we want to create (simulate) data for two subpopulations (A and B) of 12 high and 12 low metabolizer dogs.

The dose is 2mg/kg and the volume of distribution is of 200mL/kg for both subpopulations giving an intercept Y0 of 100µg/mL.

High metabolizers will have an average K10 of 0.05h-1coresponding to a mean half-life of 13.8 h and low metabolizers will have an average K10 of 0.03h-1 corresponding to a mean half-life of 23.1h. You know that the K10 population can be described by a normal distribution with a coefficient of variation of 20% for both subpopulations. 

· First enter these average PK parameters into Excel as shown in the next figure i.e. Y0 in cells E4 and I4 for high and low metabolizers respectively and K10_A =0.05 and K10_B=0.03 in cell E5 and I5 respectively.

· Document cells C4 and C5 because CB will use these adjacent cells as labels.
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· Build a vector of the times for which you want to generate data (from 0 to 96h) in cells B9:B21 and enter in cell E9 the formula corresponding to Equation 1.
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· Drag cells E9 to E21 to solve the equation for the different times

· Do the same operations for the low metabolizer dogs starting in cell I9

· A conventional approach to create your 24 vectors would consist of changing the content of cell E5 and I5 (with randomly selected K10) yourself and to repeat this 12 times  to obtain the 2 x12 vectors

· This is tedious and CB overcomes these 2 limitations (selection of K10 and to manually repeat simulations).

· For that you have to express at once what you know about the K10 distribution i.e. that K10 obeys a normal distribution with known means and corresponding SD.

· Practically we have to define our assumptions in cells containing K10 (E5 and I5)  and forecasts in cells giving individual plasma concentrations (E9:E21 for high metabolizers and I9:I21 for low metabolizers)

· Let us define the assumptions for K10 for high metabolizers: click cell E5 then the icon of the tool bar to define assumption[image: image11.png]


:
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· The next screen is displayed:
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· This is the so-called basic distribution gallery provided by CB; the normal distribution is the first one to the left and is highlighted. The explanation of normal distribution is given in the bottom panel. 

· Click OK; the next screen appears:
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It is the normal distribution corresponding to the default values given by CB i.e. the mean that you entered in cell E5 (0.05) and a default SD of 0.01 (CV=20%) i.e. exactly what you want. Now, if you want a CV of 30% rather than 20%, you have to edit the SD box (you have to format your number in Excel to display the appropriate number of digits after the decimal).

· Click OK; the preceding screen disappears and now the E5 cell is filled with a green colour indicating that it contains an assumption.
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· Do the same thing for cell I5
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· Now all our assumptions are expressed and we have to define the cells for which we want forecasts (plasma concentrations). For that, select cells E9:E21 (concentrations for high metabolizers) and click the “define forecast’ icon (the third on the left): [image: image17.png]
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· It gives you the name of the E9 cell (by default the label entered in the cell located to the left of E5 i.e. D5=ConcA),

· You can edit/complete the Define Forecast dialog giving another name, and introducing units of forecasts etc.

· Click OK and repeat the operation up to cell E21.

· At the end, all cells for which there will be a forecast are blue.
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· Repeat these steps for each forecast in cells I9:I21 corresponding to plasma concentrations of the low metabolizers or first drag the target vector (cells I9:I21), then click forecast and OK then continue clicking OK up to cell I21.

· After defining all the variables (assumptions and forecasts) we are ready to perform a simulation; when you are ready your sheet appears as follows:
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See the Excel sheet entitled “data plot MCS” if you have some difficulties.

Running the Simulation  

First, set run preference by clicking the icon that defines run preferences to determine how CB runs a simulation
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The next screen appears:
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· Click trials to specify the number of trials to run (n=12 for our 12 high and low metabolizer dogs)
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· Click sampling; choose the same sequence of random number. You can change any preferences on any tab

· Click OK

· Click the run button to start the simulation
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After completion of the simulation the next screen appears.
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· Click analyze, the next screen appears 
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· Click Extract data and tick the box to extract trial values (your simulated plasma concentrations) and place it in a new Excel sheet. 
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· Then click options to send your data to a new sheet (in the same workbook)
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In a new sheet, your simulated data are given in a table with lines 1 to 12 for plasma concentrations
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· From this Excel extracted table, prepare your data set to be imported into WNL (pasting, transpose etc). Note that dogs should be numbered from 1 to 24

· To take advantage of the use of the sort variable in WNL, you should set up a “long- skinny” data set, that is time and concentration data should occupy only two columns, with additional columns being used to only identify the profiles in these two columns as shown below:
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Plotting the simulated data set in WinNonlin for a preliminary exploration

Objectives: 

· A step by step example creating an XY spaghetti plot of our 24 dogs in the two different populations 

· A plot of pooled data by subgroups showing means and standard deviations of the concentration data at each time point over all 12 subjects

· This example will highlight the use of sort variable and group variable in the chart Wizard for a preliminary data exploration

· This exercise demonstrates some basic chart formatting in WinNonlin

· Perform a data exploration.

· Data exploration is a scientific exercise to try to learn things about data

· It enables the viewer to detect patterns or structures that might not be readily noticed by other means.
· The type of questions justifying data exploration are:  
· Does the plasma-concentration time curve decline in a mono- or multi-exponential manner?

· Did the dose normalized curves change in shape?

· If the data are dose-normalized, do the curves superimpose?

· A first step for data exploration consists of starting to make a spaghetti plot of all the results from all the subjects.

Open WNL

· Import your raw data from Excel (copy, paste) and edit and format your columns (header names, units as for Exercise 1).
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· Save your Workbook as a Workspace 

Click the Chart Wizard tool bar button[image: image33.png]


 or choose Tools>Chart Wizard from the WNL menus. The Chart Wizard appears with the XY scatter selected. 
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1. The columns in the active worksheet appear under Variable Collection. 
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To specify each X or Y variable, highlight a variable under Variable Collection (Time= X variable, Concentrations = Y variable) and drag it to the X or Y Variable box.  Note that the Time variable still appears in the variable collection list and can be used again (see later) 

Scatter plots only check Automatic Sorting to sort the data in ascending X-value order before drawing plot lines (This option would be inappropriate for a hysteresis curve).
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· Click sorting and drag 'Dogs' into Group variables meaning that an individual curve will be plotted for each of the 24 dogs.
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· Click next: The Chart Wizard now provides a dialog box dealing with the title, etc
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· Enter a title and click finish. The user chart appears as a spaghetti plot with an arithmetic scale.

Figure 1
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At first glance this plot (fig.1) does not seem to reveal any gross errors. It suggests an exponential decay for all dogs but here with no legend (i.e. the dog number) it is useless inspecting this graph. For a better inspection we will format the chart to display the legend, to change the scale from an arithmetic to a semi-logarithmic scale and to change the colour code (blue for all dogs in group A and red for all dogs in group B). 

· To do all this, right click on the figure or open the designer from the chart menu or double click on the chart in the active window

· Click Legend, tick box visible and select a location in your graph for the legend. You can edit this legend
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The dogs’ numbers now appear to the right (fig.2) but it is still not  useful for visual data exploration

Figure 2

[image: image41.png]concentrations {ug/mL)

Plasma concentratiions for 24 dogs

100




· Click on the Y axis and the chart designer will appears with Value (Y) axis in blue

· Click Scale type, select Logarithmic and click OK
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Figure 3:
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The new user chart (Fig.3) appears as a spaghetti plot with a semi-logarithmic scale. One can see immediately that all the curves decay according to a straight line suggesting that the data can be modelled by a mono-compartmental model. Visual inspection of Fig.3 also suggests some spread in the individual curves that needs to be better qualified. 

So that all the dogs of the high metabolizer group will be plotted in red (filled circle, size 12) and all the dogs of the low metabolizer group will be depicted in blue.

· Select series, select dogs 1-12 and edit the marker
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· Using the same approach, edit the lines in red and blue (it is possible to edit the curves altogether) 
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This new plot (Fig.4) clearly shows that two distinct subpopulations exist,  one with rapid and the other with slow kinetics. An overlap between the two populations is evident for the first sampling times (see the arithmetic scale) but the 2 populations are progressively separating with time and there is overlap for only one dog.

Figure 4:
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Figure 5
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Most often in publications, the authors report a plot of pooled data with a mean line and standard deviation (or SEM) of the concentrations at each time point over all subjects.

To obtain this kind of plot, we will first compute in WNL summary statistics with time as the sorting variable and concentrations as the summary variables.

[image: image49.png]=)

Descriptive Statistics
ek Caleiste
. \evercse 2 poting_705548 pvo
Variables So varisbes Cz=l
o T [Time
Grouss tep
Summay vaiables Load Setings
Concentatons o
oht variale
gt
Opiions
™ Incude perceties ™ Bonand whiskers plt

I Confidenceirterval |55 %
™ Number of SD i





As for the test exercise 1, a full list of statistics is available 

From these statistics, we can do an XY plot with a mean ± SD

· Open the chart wizard, drag Time and Mean into their boxes
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· Then click Error bars and drag SD in up and down variable, and plot the graph with a semi-logarithmic scale (fig 6, 7, 8). 

In Fig.6, why are the SD greater for low concentrations than for high concentrations?

In Fig.7, the same question, but why do the SD appeared to be smaller in Fig.7 than Fig.6?

Figure 6
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Figure 7
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The same graph (Fig.8) but with SEM rather than SD.

Apparently, this is a very nice mean curve with a low SE.

Figure 8
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Now we will do the same plots but for each group.

To obtain these two plots, we will first compute the summary statistics with Groups and Time as the sort variables and Concentrations as the summary variables
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· Open the chart Wizard. Then plot with Groups as the sort variable
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This approach shows the overall tendency of the response. From this plot (Fig.9) it is easy to see the differences between the two groups 

Figure 9:
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Now let us assume that the analytical technique has an LOQ of 20µg/mL. Only raw data above 20µg/mL will now be considered for plotting and analysis. For that we have to exclude all data lower than 20µg/mL in the concentrations vector using the WNL selection function.

· Data>Exclude>Criteria... from the WinNonlin menus. The Exclude dialogue box opens
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· Enter the researched value(s) (20) in the Find field.

· Criteria: less than or equal to the search string (<=) i.e. <=20

· Click OK. Now the workbook appears with excluded values in red
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Using the statistical tool of WNL, compute the summary statistics
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Using these new summary statistics, plot the mean curve and show the results on a semi-logarithmic scale (Fig.10):

Figure 10:
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· What is your comment on the bi-exponential shape of the averaged plot ? 

· What is the origin of the difference between this plot and that of Figure 8 ?.

· Do you think that a bicompartmental model is in order ?

Actually pooling can be very misleading because it runs the risk of changing the behaviour of an individual curve. 
Note: The Export to Word tool bar button exports the active object directly to Microsoft Word, and can be used to export an image of the current chart

Graph inspection during analysis

During the model building phase, the kineticist is constantly faced with two issues: (a) how can I improve the model to obtain the best fit of the data ? (b) Does the model violate any (statistical) assumptions, making it inappropriate ? 

Graphics are used to suggest improvements of the model and to evaluate the benefits of the changes. There are other means of evaluating the importance of a model change, for example, statistical significance criteria, but only graphics can tell you whether a model is appropriately describing the data. 

It is clear that most graphs in this phase of an analysis are only meant for the eyes of the data analyst and the questions answered by the graphs are quite technical like to check the assumption of homoscedasticity by inspecting the residuals. We will see that in depth in exercise 3.

Reporting the analysis to others
Good data plotting is critical in the communication of scientific results.

A classical way of reporting data using figures is pooling data (showing mean concentrations and SD). We have seen with our simulated data set how pooling can be misleading in PK (Fig.10).

When a graph is published, never forget it is interpreted by the reader, who can be a non-specialist. Our ethics prevent us from presenting misleading graphs, created intentionally to mislead the layman (Fig.8).

Good plotting practices

It is beyond the scope of this exercise to cover every conceivable plot, but many of the good plotting practices that will be presented should carry over into other plot types as well. These are recommendations according to Bonate 2006 p.42.

· Avoid three-dimensional charts that are by essence 2-dimensional. Although three-dimensional bar charts may look pretty, they decrease the data to ink ratio and add nothing to the ability to perceive differences between groups.

[image: image61.emf]
· Avoid grids that can detract from a plot

[image: image62.emf]
· Provide key elements to enable a plot to be judged

[image: image63.emf]*

At first glance in the top plot, the concordance between observed and predicted concentrations looks high.  However, closer examination (bottom plot) shows that the range of the axes is slightly smaller. When the axes are made the same range and a line of unity is added, the systematic under-prediction of the model becomes more obvious.

[image: image64.emf]
· In Fig. 1.24 a scattered plot is shown with two different data rectangles. When the data rectangle is much smaller than the axes rectangle the apparent correlation between the variables is increased.

· One way of misleading a reader is not to include zero on the ordinate.

· Many ‘‘graphics’’ packages, such as Microsoft Excel1, should be avoided because they tend to be heavy on design and light on complexity.

· Important events or data points of particular interest should be labelled on the graph and not just as some reference in the legend.

· Plots should have greater width than height, the so-called golden rectangle, since our eye is naturally better at detecting horizontal than vertical trends and it is easier to place labels in a wider graph than a narrower graph.

· The best symbols to use are those that are readily distinguishable. Observations that have both shape and fill contrasts, such as ((, (), are more easily discriminated than symbols with only fill contrast ((,() or symbols with only shape contrast ((,().
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