Exercise 10 and 11

One-compartmental model: Simultaneous IV and oral dosing for a new antibiotic in pigs
Objectives

· The ultimate goal of the present exercise is to show how to use PK and PD concepts to rationally develop a new antibiotic in pigs

· The technical objectives of the present exercise are:

· To write, step by step, a user model (model 1) able to simulate and analyse simultaneously two plasma concentration profiles obtained by two different routes of administration (IV and PO) for a single dose administration.

· To simulate this user model to demonstrate some properties of a monocompartmental model and to analyse simulated data with the NCA module of WNL

· To edit the model to compute some secondary parameters of interest such as the Tmax, Cmax and AUC from time 0 to Tmax

· To edit the model to simulate a third plasma concentration profile for the extra-vascular route (IM) 

· To edit the model to simulate a multiple dose administration

·  To use the model to estimate PK parameters from three sources of data (IV, Oral and IM administrations).

· Using Monte Carlo Simulations, to prospectively assess a possible dosage regimen for the IM formulation in order to be above a critical MIC in 90% of a pig population. 
· To assess the target attainment rate (TAR) for the selected dose given the actual MIC distribution i.e. the percentage of the pig population that actually achieves the targeted objective.
Problem specification

A drug company is developing a new antibiotic in pigs. Two formulations should be marketed: an oral formulation for daily oral administration and an IM formulation for which the company expects to obtain a relatively long duration of action. This antibiotic is a time-dependent antibiotic against Gram positive pathogens but a concentration-dependent antibiotic against Gram negative pathogens. For a time-dependent pathogen, the PK/PD criteria to be optimised is the time the plasma concentration remains above a critical plasma concentration and it is for this indication that the company is developing the IM long-acting formulation. Its objective is to be above a critical plasma concentration for at least 50% of the dosing interval (48h) in 90% of the pigs. For the Gram positive pathogens, the PK/PD criterion to optimise is the 24h ratio AUC/MIC in steady state condition with a target value of 125h. The oral formulation is developed for these pathogens.

The company carried out some pilot kinetics by IV, oral and IM route after a single (IV) or a multiple (PO, IM) dose administration. These preliminary data were obtained with a microdose of 100 µg/kg and are shown in Figure 1 with the raw data given in Table 1.

Figure 1: Arithmetic plot of plasma concentration profiles (ng/mL) vs time (h) for a new antibiotic: IV (blue curve), single dose (100µg/kg) data over 24h, PO (pink curve) and IM (red curve), 5 doses (100µg/kg) at 24h intervals, data collected over 108 h.
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Table 1: Plasma concentrations of a new antibiotic in pigs after IV, oral or IM administration at a dose of 100 µg/kg. The IV was a single dose administration. For the PO and the IM routes, there were 5 administrations at 24h intervals.

	time (h)
	Conc (ng/mL)
	Route
	dose

	0
	76
	IV
	100

	0.5
	74
	IV
	 

	1
	70
	IV
	 

	2
	69
	IV
	 

	3
	64
	IV
	 

	4
	60
	IV
	 

	8
	50
	IV
	 

	12
	40
	IV
	 

	20
	30
	IV
	 

	0
	0
	PO
	100

	0.5
	30
	PO
	 

	1
	45
	PO
	 

	2
	60
	PO
	 

	3
	65
	PO
	 

	4
	65
	PO
	 

	8
	55
	PO
	 

	12
	43
	PO
	 

	24
	23
	PO
	100

	36
	55
	PO
	 

	48
	30
	PO
	100

	60
	60
	PO
	 

	72
	30
	PO
	100

	72.5
	62
	PO
	 

	73
	80
	PO
	 

	74
	90
	PO
	 

	75
	95
	PO
	 

	76
	94
	PO
	 

	80
	75
	PO
	 

	84
	60
	PO
	 

	96
	30
	PO
	100

	108
	60
	PO
	 

	0
	0
	IM
	100

	0.5
	2
	IM
	 

	1
	3
	IM
	 

	2
	6
	IM
	 

	3
	8
	IM
	 

	4
	10
	IM
	 

	8
	20
	IM
	 

	12
	20
	IM
	 

	24
	27
	IM
	100

	36
	45
	IM
	 

	48
	40
	IM
	100

	60
	55
	IM
	 

	72
	54
	IM
	100

	72.5
	56
	IM
	 

	73
	54
	IM
	 

	74
	55
	IM
	 

	75
	57
	IM
	 

	76
	60
	IM
	 

	80
	60
	IM
	 

	84
	64
	IM
	 

	96
	54
	IM
	100

	108
	65
	IM
	 


Preliminary data analysis in WNL

The first step is to compute the basic parameters for this new drug by analysing the IV data in WNL.

· Import data in WNL; edit headers and units 

· After excluding PO and IM data from the data sheet (using Data>exclude>criteria), the IV data were analysed by a mono-compartmental model without a weighting factor

Results are given below 

Table2: Primary estimated parameters

	Parameter
	Units
	Estimate
	StdError
	CV%

	V
	mL/kg
	1335.569184
	12.978648
	0.97

	K10
	1/hr
	0.049456
	0.001940
	3.92


Worksheet: Non-Transposed Final Parameters

(25-mars-2011)

Table 3: Secondary parameters

	Parameter
	Units
	Estimate
	StdError
	CV%

	AUC
	hr*ng/mL
	1513.947496
	51.849759
	3.42

	K10_HL
	hr
	14.015309
	0.549155
	3.92

	Cmax
	ng/mL
	74.874444
	0.726880
	0.97

	CL
	mL/hr/kg
	66.052489
	2.264432
	3.43

	AUMC
	hr*hr*ng/mL
	30611.740135
	2232.029228
	7.29

	MRT
	hr
	20.219816
	0.792263
	3.92

	Vss
	mL/kg
	1335.569184
	12.978648
	0.97


Questions: 

· Is the plasma clearance high or low?

· Answer: to interpret the level of a plasma clearance, you have to compare its numerical value (here about 1mL/kg/min) to cardiac output in pigs (about 80mL/kg/min) in order to estimate an overall extraction ratio; Assuming that plasma concentrations are  equal to blood concentrations,  plasma clearance is about 1% of cardiac output i.e; rather low that is a desirable property for an antibiotic

· Assuming that the bioavailability of the oral formulation is total, can you anticipate what could be the dosage regimen for that antibiotic if you want to guarantee an AUC/MIC of 125h in 95% of pigs knowing that the SD of the CL/F is 6.6 mL/kg/h and that the highest targeted MIC is of 1µg/mL?

Answers: about 9.6mg/kg 

· Explanation: To target an AUC/MIC of 125h is equivalent to saying that the average plasma concentration of the antibiotic in steady state conditions should be 5.2 fold the highest targeted MIC (1µg/mL) i.e here 5.2 µg/mL.

The dose is given by the following relationship: 
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Mean plasma clearance/F is 66 mL/kg/h (see Table 2 and assuming that F=1) and taking into account an SD of 6.6 mL/kg/min, the quantile 90% should be equal to the mean plasma clearance plus 1.695 X SD i.e 77 ml/kg/h or 1853 mL/kg/24h giving a daily dose of 1853 X 5.2 i.e. 9640µg/kg/day or about 10 mg/kg

.

For the oral route (first 24h) the fitting is given in the next figure and looks good
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What is the bioavailability of this oral formulation?

Answer: about 96%.

For the IM route (first 24h) it was impossible to fit the curve due to its shape over the first 24h. 

Rather than attempting to analyse separately each curve, it was decided to simultaneously fit the three curves together because data were collected in the same animal. The advantage of this approach is to obtain more accurate and precise parameter estimates. For example, a common K10 can be estimated from the 3 curves allowing the different rate constants of absorption for the oral and IM routes of administration to be obtained without ambiguity.  The model can include a bioavailability factor to estimate for each formulation, and if data are inappropriate to properly characterise a curve, as is the case here for the IM formulation over the first 24 h, information available from other curves can be very helpful. The reasons to simultaneously fit several sources of data are explained by Gabrielsson page 404.
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Several ussfxcs T Operational model
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Although WNL supplies a large number of library models, there is no ready-to- use model to simultaneously fit three different curves, but WNL provides a flexible command language for creating custom models. We will demonstrate step-by-step how to custom build a model.

Building a simple user model to simulate (or fit) simultaneously an IV and an oral kinetic

· Open WNL

· Open a new Workbook

· Create a data sheet and edit headers for 4 columns: a time vector (h), for concentrations (empty here because we will only simulate the model), route of administration and function to define the different functions of the future model
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The time vector should be entered as a set of at least 4 time points (between 0 and 24h) because it is necessary to have more data points than parameters to estimate or simulate a kinetic study; for the basic model, we will have two functions numbered 1 (for the IV route)  and 2 (for the oral route)  

· Select User Model in the Model Types dialog and click Next  

· Select Create New ASCII Model and click Next. The Model Parameters dialog appears. 

[image: image9.png]PK/PD/NCA Analysis Wizard: Model Parameters.

Ente the follwing information about your model.

f— [V Differential Equations
Nurber of Equations [T

Model Number
Nurber of Algebraic Eunctions [1

Model Perameters
Primary Parameters | Secondary Parameters

2]~ [o]en]o ][]

Help <Beek |[THens

Cancel





· In order to create a new ASCII model template, Analysis Wizard needs to know the number of algebraic and differential equations in the model, the number and names of the primary (estimated) and secondary (derived) parameters. This information is entered in the User Model Parameters dialog of the Wizard as detailed in the next window: 
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· Model number is 1 but it is up to you to select any model number that will be easy to remember 

· No differential equation ( button empty)

· Two algebraic equations (one for the IV and one for the PO)

· Enter the names of the 4 parameters namely Vc, K10, ka, and bioav. Parameter names can include up to 8 alphanumeric characters. For bioavailability, do not use F as a name parameter.  While it is the usual abbreviation of bioavailability, F is a reserved letter in WNL to indicate function.

· Click Next and Finish

WinNonlin will create a new text window containing a template for the model. Edit as needed using the appropriate structure, commands and syntax.

Template provided by WNL to build a model with 4 primary parameters and two algebraic equations.
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Each model must begin with the keyword MODEL and be terminated with EOM (end of the model). In between, you can include different blocks (up to 7).

The minimum information needed to define a model is a MODEL statement (first line), a FUNCTION block, and an EOM statement (last line). If a model is stored in a user library it must also have a model number (here 1).

The next figure gives the 7 possible blocks to create a WNL user model.
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Either REMARK or REMA indicates that the remaining part of that paragraph contains a note and is to be ignored by WNL. Each individual comment line must begin with REMA (or REMARK).

Any block or command name can be represented by its first four characters or its full name. For example, either FUNCTION 1 or FUNC 1 means that Function 1 is being defined. 

The present user model will be built with only 3 blocks: Commands (in red), Temporary (in blue) and Function (in pink).

The written model is given below and the explanation follows.

This is the print-out of the user model with its three blocks.

MODEL

remark   ******************************************************

remark   Developer:
PL Toutain

remark   Model Date:
03-23-2011

remark   Model Version:
1.0

remark   ******************************************************

remark

remark - define model-specific commands 

COMMANDS

NCON 1 

NFUNCTIONS 2

NPARAMETERS 4

PNAMES  'Vc', 'K10', 'Ka', 'bioav',

END

remark - define temporary variables

TEMPORARY 

Dose=CON(1)

t=x

END 

remark - define algebraic functions

FUNCTION 1

F= (Dose/Vc)*exp(-k10*t)

END

FUNCTION 2

F= ((bioav*Dose/Vc)*(Ka/(ka-k10)))*(exp(-k10*t)-exp(-ka*t))

END

remark - define any secondary parameters

remark - end of model

EOM

COMMANDS

The COMMANDS block defines the model-related values. For the present model, NCON 1 is number of constants; NFUNCTION 2 is the number of functions and NPAR 4, is the number of parameters in the model. The NCONSTANTS command (or NCON) sets the number of dosing constants in the model. 

In the present model we need only 1 constant for the value of the administered dose; for two dose administrations, there will be 5 constants (NCON 5) to qualify all dosing information i.e. (i) the number of doses: CON(1), (ii) the magnitude of the first dose: CON(2),  (iii) the dosing time for the first dose: CON(3), (iv) the magnitude of the second dose: CON(4) and (v) the dosing time for the second administration: CON(5).  Constants are initialized via the WNL dosing interface conveniently enabling the numerical value of the simulated dose without to be changed without editing the model itself.

The NPARAMETERS (NPAR 4) command specifies the number of parameters to be estimated or needed for simulation (here 4 parameters).

The PNAMES, command names the primary parameters i.e. those to be estimated. In our template we have not declared secondary parameters and SNAMES do not appear. Used PNAMES are  'name1', 'name2', . . . , 'nameN'. The arguments 'name1', 'name2', … are names of the parameters. Each may have up to 8 letters, numbers, or underscores, and must begin with a letter. These names appear in the output and may be used in the modelling code.

TEMPORARY

Temporary statements are optional but may be very useful because the TEMPORARY block defines general variables that can be used by any other block in the model. Here I tell WNL that in my model I want to name Dose the first constant CON(1) and time the independent variable (x). Thus in the algebraic equation Dose and t can be used in place of CON(1) and x that is easier to understand. Variables that are used only within a given block can be defined within that block. 

FUNCTION

Each set of equations that will be fitted to a body of data or simulated to a time vector requires a FUNCTION block. Most models include only one function. The reserved variable F should be assigned to the function value. Here we have two functions corresponding to our two routes of administration i.e. two algebraic functions: 

Func 1:F= (Dose/vc)*exp(-k10*t)   for function 1

Func 2:F= ((bioav*Dose/vc)*(Ka/(ka-k10)))*(exp(-k10*t)-exp(-ka*t))  for function 2.

Save the present model as an ASCII file (*.lib). The default model library file name is userasci.lib. It is more convenient to save your model in the dossier of your current project under a meaningful name.

If you have some difficultyin writing this model (or no time), you can copy the model directly from this word document and paste it in WNL as shown below 
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After having completed your model, you can proceed with the WNL interface, defining the X variable (Time). We have no Y variable (no experimental data) because we are only simulating. The field Function variable should be filled with the name of the corresponding column (here called 'function' in our data sheet) and the button Simulate data should be ticked.
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Then we qualify the numerical values of the 4 parameters
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The next panel is to qualify the dose of 100 (our CON(1))
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Then we start modelling and the following chart is obtained 
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Question: 

At what time the does the PO curve cross the IV curve and is it the Tmax/Cmax of the PO curve?

To answer this question, you can inspect the sheet Predicted data of the workbook and search the times for which functions 1 and 2 are equal i.e. about 51 min that is also the Tmax/Cmax of the oral curve.
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A better approach would consist in analyzing these predicted data with the WNL NCA module and an even better approach to answer the question is to use the model to compute these secondary parameters as it is the objective of the next refined model.

Editing our simple user model to compute the Tmax and Cmax of the oral curve
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The next window gives the estimated values of the four secondary parameters; compare these results with those you obtained using the NCA.
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Editing the user model to add a second extra-vascular curve (IM administration) having its own rate constant of absorption and bioavailability factor but sharing the same rate constant of elimination with the PO and IV curves

To add a second extra-vascular curve having its own parameters, you first have to edit the workbook to include a third function. 
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Then you have to edit the initial model as follows (you can also copy and paste this word document directly in WNL)

MODEL

remark   ******************************************************

remark   Developer:
PL Toutain

remark   Model Date:
03-23-2011

remark   Model Version:
1.0

remark   ******************************************************

remark

remark - define model-specific commands 

COMMANDS

NCON 1 

NFUNCTIONS 3

NPARAMETERS 6

PNAMES  'Vc', 'K10', 'ka1', 'ka2','bioav1','bioav2'
NSECONDARY 4

SNAMES 'Tmax1', 'Tmax2', 'cmax1', 'cmax2'

END

remark - define temporary variables

TEMPORARY 

Dose=CON(1)

t=x

END 

remark - define algebraic functions

FUNCTION 1

F= (Dose/Vc)*exp(-k10*t)

END

FUNCTION 2

F= ((bioav1*Dose/Vc)*(ka1/(ka1-k10)))*(exp(-k10*t)-exp(-ka1*t))

END

FUNCTION 3

F= ((bioav2*Dose/Vc)*(ka2/(ka2-k10)))*(exp(-k10*t)-exp(-ka2*t))

END

SECO

Tmax1=(LOGE(ka1)-LOGE(k10))/(ka1-k10)

Cmax1= ((bioav1*Dose)/Vc)*(ka1/(ka1-k10))*(exp(-k10*Tmax1)-exp(-ka1*Tmax1))

Tmax2=(LOGE(ka2)-LOGE(k10))/(ka2-k10)

Cmax2= ((bioav2*Dose)/Vc)*(ka2/(ka2-k10))*(exp(-k10*Tmax2)-exp(-ka2*Tmax2))

END

remark - define any secondary parameters

remark - end of model

EOM

ka1 and ka2 are the rate constants of absorption for the oral and IM route respectively and bioav1 and bioav2 are the bioavailability factors for oral and IM route respectively.

Then, enter the parameters values for simulation.
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Then, the dose.
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Then Start modelling: the following figure can be obtained 
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And the following secondary parameters
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Editing the user model to simulate a multiple dose administration

The pilot study was conducted following a multiple dosing regimen and we have to further develop the model to handle this more complicated regimen.

· Open a new workbook and prepare a data sheet with all the data of Table 1.

· Then Select Create New ASCII Model and click Next. The Model Parameters dialog appears. At that level, you have two options: 

· (i) copy and paste the next file and you will have effortlessly implemented a model for 5 administrations or

· (ii) attempt to develop this model yourself in order to understand how it works and to be able to do it yourself with your own data and own dosing regimen. 

We will first adopt the first amateur option.

MODEL

remark   ******************************************************

remark   Developer:
PL Toutain

remark   Model Date:
03-23-2011

remark   Model Version:
1.0

remark   ******************************************************

remark: multiple doses, 3 curves

remark - define model-specific commands 

comm 

NCON 11

nparm 6

pnames 'vc', 'k10', 'ka1', 'Ka2','bioav1','bioav2'

nfun 3

end

func 1

j = 1

ndose = con(1)

rema  count up the number of doses administered up to time x

do i = 1 to ndose

j = j+2

if x <= con(j) then goto red

endif

next

rema  adjust number of doses if x exactly equals a dosing time

red:

if x = con(j) then ndose = i

 else ndose=i-1

endif 

rema  perform superposition

sum = 0

j = 1 

do i = 1 to ndose

j = j + 2

t = x - con(j)

dose = con(j-1)

amt = (dose / vc) * exp(-k10 * t)

sum = sum + amt

next 

f=sum

end  

func 2

j = 1

ndose = con(1)  

rema  count up the number of doses administered up to time x

do i = 1 to ndose

j = j+2

if x <= con(j) then goto blue

endif

next 

rema  adjust number of doses if x exactly equals a dosing time

blue:

if x = con(j) then ndose = i

 else ndose=i-1

endif 

rema  perform superposition

sum = 0

j = 1 

do i = 1 to ndose

j = j + 2

t = x - con(j)

dose = con(j-1)

amt= (ka1*dose*bioav1 /(vc*(ka1-k10)))*(exp(-k10*t) -exp(-ka1*t))

sum = sum + amt

next

f=sum

END

func 3

j = 1

ndose = con(1)  

rema  count up the number of doses administered up to time x

do i = 1 to ndose

j = j+2

if x <= con(j) then goto green

endif

next 

rema  adjust number of doses if x exactly equals a dosing time

green:

if x = con(j) then ndose = i

 else ndose=i-1

endif 

rema  perform superposition

sum = 0

j = 1 

do i = 1 to ndose

j = j + 2

t = x - con(j)

dose = con(j-1)

amt= (ka2*dose*bioav2 /(vc*(ka2-k10)))*(exp(-k10*t) -exp(-ka2*t))

sum = sum + amt

next

f=sum

END

EOM

After having copied this listing, paste it as such in WNL.
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We can simulate the three concentration-time profiles using this model. The parameter values are those that we used for the one-dose simulation and the dosing regimen is described in the print screen (see later).

The following graph was obtained indicating an accumulation for the IM formulation when administered daily.
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We can also fit our data; for that, deselect Simulate data and drag the column concentration into the Y variable box 
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Visual inspection of the figure indicates a good fitting.

Table 3: The following parameter estimates were obtained. 
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· Now you will attempt to write this model yourself or at least understand how it was built. Inspection of the user model listing above indicates that it is a little bit more complicated than for a single dose administration with some programming instructions  because we have to tell WNL what the dosing history is i.e. how many doses have been administered, what is the magnitude of each dose and what are the times of dosing. WNL is instructed to do that with the number of constants in the model. Here CON(1)=11 because we have 11 constants to declare to fully describe the selected dosage regimen as indicated in the next figure.
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CON(1) is the number of doses i.e. 5

CON(2) is the magnitude of the first dose i.e. 100 µg/kg

CON(3) is the time of dose 1

CON(4) is the magnitude of dose 2 

Etc. up to CON(11) that is the time of dose 5.

This explains the different statements using programming language (GOTO, IF THEN, ELSE etc.) 

Practically, you do not need to write this chain of instructions as they are very generic and can apply to any model with multiple dosing. Thus, if you have to develop a model with multiple dosing I recommend that you copy and paste the following word file; the red part is to manage your dosing regimen for the function toto and the blue part is your equation for the function toto. Finally you only have to edit the blue section and to copy the red section for each of your different functions.

Func toto
j = 1

ndose = con(1)  

rema  count up the number of doses administered up to time x

do i = 1 to ndose

j = j+2

if x <= con(j) then goto blue

endif

next 

rema  adjust number of doses if x exactly equals a dosing time

blue:

if x = con(j) then ndose = i

 else ndose=i-1

endif 

rema  perform superposition

sum = 0

j = 1 

do i = 1 to ndose

j = j + 2

t = x - con(j)

dose = con(j-1)

amt= (ka1*dose*bioav1 /(vc*(ka1-k10)))*(exp(-k10*t) -exp(-ka1*t))

sum = sum + amt

next

f=sum

END

Exercise 11

What is the dose level to be selected for the long acting IM formulation to guarantee that the plasma concentration will be above 1µg/mL in 90% of pigs for 75% of a dosing interval of 48h?

We previously estimated the PK parameters of the long acting IM formulation (see Table 3) and we assumed that the interindividual variability of the pigs for clearance/F will be lower than 30% (worst case scenario). The company knows that the highest MIC of the wild targeted pathogen population is 1µg/mL. Thus, the company would like to know what dose level could be selected for that antibiotic, for a regimen consisting of administering the formulation twice with a48h interval. As it is a time dependent antibiotic, the PK/PD predictive surrogate is the time spent above a critical free plasma concentration corresponding to the MIC of interest (1µg/mL). Good clinical results are expected if the selected dose is maintained above the critical MIC for at least 50% of the dosage interval. As here the formulation is intended for a 48h dosing interval, we decided to determine a dose for which the time spent above 1µg/mL should be of 36h over the first 48h i.e. 100% of the first dose plus 50% of the second dose. To solve this question, the best approach is to perform some Monte Carlo Simulations (MCS). 

· Open Crystal Ball

· Build a PK model for MCS in an Excel sheet (see the Excel sheet available in your dossier)
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The PK model has been built in terms of clearance and Vc and not in terms of K10 and Vc; it should be realised that K10 is:
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The corresponding models were solved with Clearance/Vc, not K10.

In the Excel model there are 2 rate constants of absorption: Ka1 and Ka2. This is another  way to introduce the bioavailability factor in an extravascular model because F% is given by:
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Actually, the rate constant that is estimated by curve fitting is the sum of ka1, the rate constant of transfer from the site of drug administration to the central compartment, and ka2, the rate constant of drug loss from the site of administration (see next figure). 
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The advantage of this parameterisation in terms of clearance, ka1 and ka2 rather than in terms of K10 and F, is to express the model with its primary physiological determinants.

Check by hand that the predicted plasma concentrations are correct. 

After building the model, we have to determine the duration above 1µg/mL; this is easily obtained using the Excel (French) function = NB.SI(M15:M254;">1").

Count cells that match criteria – COUNTIF

Match the criteria exactly:

In Excel, count the cells that meet a specific criterion. In this example the concentration above 1µg/mL will be counted.

1. Select the cell in which you want to see the count (cell M261 in this example) 

2. Type an equal sign (=) to start the formula 

3. Type:   COUNTIF( 

4. Select the cells that contain the values to check for the criterion. In this example, cells M15 :M254 will be checked 

5. Type a comma, to separate the arguments 

6. Type the criterion. In this example, you're checking for plasma concentrations above 1µg/mL so type >1 in double quotes:   ">1" or “>=1”

Note: Even though this is a numerical criterion, it must be enclosed in double quotation marks.

7.
Type a closing bracket. The completed formula is: =COUNTIF(M15:M251,">1")

8.
Press the Enter key to complete the entry 

9.
The result will be 212, the number of cells higher than 1

Note: Instead of typing the criterion in a formula, you can refer to a cell. For example, the formula in step 7 above could be changed to:  =COUNTIF(M15:M251,">=" & K3)

if cell K3 contained the MIC of interest. 

As the time interval between 2 cells corresponds to 0.2h, the total time above 1µg/mL is 212*0.2=42.4h and the percentage of the time above 1µg/mL is 88.3%.

Now we are ready for the simulation; first define the assumption for clearance.

I selected a normal distribution with mean =69 (our point estimate) and SD=21 because we assumed that the clearance varies in the pig population with a CV of 30%.
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The assumption cell is now green

For Ka1, I selected a log-normal distribution (here with a CV of 20%)
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For a log normal distribution, there are 3 parameters to define:  Location, Mean and SD.

The lognormal distribution is used under these conditions:

· The upper and lower limits are unlimited, but the uncertain variable cannot fall below the value of the location parameter.

· The distribution is positively skewed, with most values near the lower limit.

· The natural logarithm of the distribution is a normal distribution.

By default, the lognormal distribution uses the arithmetic mean and standard deviation. For applications where historical data are available, it is more appropriate to use the logarithmic mean and logarithmic standard deviation or the geometric mean and geometric standard deviation. These options are available from the Parameters menu in the toolbar. Note that the location parameter is always in the arithmetic space.

Another way to express exactly the same distribution is to use the geometric mean and the GSD (see our first exercise for a definition of what is a GSD).
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Now you have defined your assumption cells in your model, you are ready to define the forecast cells. Forecast cells contain the formula that refers to what we want to know i.e. time above 1µg/mL in cell M262. Click cell 262, click the toolbar button  [image: image39.png]


 and the next window appears 
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· Click OK and the forecast cell is now in blue; its label is the content of the adjacent left cell (Time >MIC in hours)

· In cell F3, select a nominal dose of 5000 µg/kg to simulate

· Set run preference (5000 trials)

· Run the simulation

· The following forecast chart can be obtained (you have to play with the ‘certainty grabber’). It is stated that only 29.01% of the pigs are able to achieve a time above 1µg/mL for at least 36h with a dose of 5000 µg/kg.
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To find the appropriate dose, we can repeat simulations until we find the dose for which 90% of pigs are covered.

A better approach is to ask Crystal Ball to do the job using its OpQuest option (only implemented in professional version?)

· Click cell F3 and the (yellow) decision button[image: image42.bmp] of the toolbar. The next window opens. Select a range of possible doses (here more than 5000 and less than 8000) to limit the searching space.

· Click OK; cell F3 is now yellow
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Click the OptQuest button  [image: image45.png]



The next window opens and you have to qualify your objectives with the drop down menus that allows you to express many different objectives. Here we only want the dose (set target) that enables us to achieve a T>MIC of 1µg/ml in 90% of pigs for 36h.
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· Then continue ignoring all other options and click run for 50 trials (to edit in the run option). It means that CB will perform 50 times 5000 simulations with randomly selected doses between 5000 and 8000 µg/kg and it will select the one giving the value most approaching our ultimate Objective.
· OptQuest found a dose of 7782 µg/kg. The next window shows the result of the optimisation
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Now we will answer the last question of the exercise related to the so-called empirical antibiotherapy. 

Question: what will be the percentage of pigs for which the plasma concentration will be higher than the different MICs that can be observed in field conditions for at least 36h and for a standard dose of 10 mg/kg?

The use of antibiotics is said to be empirical when initiated in the absence of microbiological results or even in the absence of a definitive diagnosis of infection. The only information available is the distribution of MICs for a given pathogen. As an example, the next table gives an MIC distribution and I assume that the probability that a pig faces a pathogen is proportional to the frequency of these MIC (i.e. the likelihood for a pig to be infected with a pathogen having an MIC of 0.2 µg/ml is 3 times lower than to be infected with a pathogen having an MIC of 0.5 µg/ml but equal to the probability to be infected with a pathogen having an MIC of 0.1µg/mL.

Table 4 MICs distribution

	MIC (µg/mL)
	Percentage (%)

	0.1
	10

	0.2
	10

	0.5
	30

	1.0
	20

	2.0
	30


To solve this question, first edit your forecast cell as follow: =COUNTIF(M15:M251,">=" & K3) with K3 the cell in which the MIC is located. 

We will now replace the MIC point estimate of 1 by the MICs distribution given in Table 4.

For this, select “Custom” in the distribution gallery and fill it up with the data from Table 4.
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The results are shown in the next window: it appears that with a dose of 10 mg/kg, the TAR for 36h above the MIC is no longer 90% but 77.97%. Inspection of the upper panel clearly indicates a discrete distribution.
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Again we can require OptQuest to find the dose to suit our expectation. The dose found by OptQuest was 13.022mg/kg.

[image: image51.png]© Forecast: T>MIC in hours

Edit View Forecast Preferences Help

5000 Tras Spit Vew 4839 Displayed
T>MIC in hours Sfitic Forecastvalues
Trials 5000
| Base Case: 0
o0z lotfor Commerciafyse | 140 [ oy
o= 1200 |Median 520
200 1000 1 [Mode 420
H Standard Deviation 575
BB " B0 |Variance 01
Lo | e0 3 |Skewmess 227
Kurtosis 267
€ " 400 |Coef. of Variabilty 01319
008 | a0 |Minimum 1000
Mascimum a8
000 e 4 0 vean S Error 008
200 3000 000 4200 4400 4600 4500
Percentle Forecastvalues
A 1000
100 5000
- 0% ®50
2 Not for Commercial Use O | 200
gow 4000 3 30 4180
8 2 0% 4520
& o0e0 3000 £ [sov 520
g S |oz e
T 040 F2000 3 707 %80
g 5 |e0% 4760
5 020 1000 2 s 4780
© 2l 2830
000 o

(v —





CONCLUSION

This exercise shows how, in veterinary medicine, some preliminary knowledge obtained from pilot trials, can help the developer to anticipate the future dosage regimen.
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