Exercise 5

Monte Carlo simulations, Bioequivalence and Withdrawal time

Objectives of the exercise

· To understand the regulatory definitions of Bioequivalence and Withdrawal time

· To simulate a data set using Monte Carlo simulation with Crystal Ball (CB) to show that two formulations of a drug (pioneer and generic) can be bioequivalent while having different withdrawal times.

· To understand what is a very late terminal phase

· To compute a Withdrawal time using the EMEA software (WT 1.4 by P Heckman)

· To compute a Bioequivalence using WNL (crossover design)  

The question to explore with a What if scenario is related to the new EMEA guideline on bioequivalence (draft 2010); this draft states that it is possible to get a marketing authorization for a new generic without having to consolidate the withdrawal time associated with the pioneer formulation except if there are tissular residues at the site of injection.

The critical statements of the EMEA guideline are reproduced here with the associated comments (see the EMA site)  
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In the case of systemically active substances when reference is made to an approved product in terms
of efficacy and safety, bioequivalence to this product should be demonstrated. It should be noted that
there are several aspects such as palatability, animal owner’s compliance, local tolerance and residue
concentrations at the injection site that might differ between products and that are not covered by
bioequivalence data. The need to document such aspects might differ between applications and is
beyond the scope of this guideline. It should be noted that bioequivalence or waivers cannot be used
for extrapolation of withdrawal periods between products having a potential to leave local residues (in
particular intramuscular and subcutaneous injectables and dermal applications). In this case,
information on the behaviour of residues at the site of administration needs to be assessed before the
withdrawal period is extrapolated.
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As an expert, you have to express your opinion on this regulatory decision.

As a kineticist you know that the statistical definitions of Withdrawal time (WT) and bioequivalence (BE) are fundamentally different. In a BE, it should be demonstrated that the average of metrics selected for the BE demonstration are equivalent while a Withdrawal time (WT) is related to the upper bound of a prediction interval. More precise definitions are in order to do the exercise.

EMEA definition of BE

For two products, pharmacokinetic equivalence (i.e. bioequivalence) is established if the rate and extent of absorption of the active substance investigated under identical and appropriate experimental conditions only differ within acceptable predefined limits. Rate and extent of absorption are estimated by Cmax (peak concentration) and AUC (total exposure over time), respectively, in plasma. 

The assessment of BE is based on 90% confidence intervals for the ratio of the population geometric means (test/reference) for the parameters under consideration. This method is equivalent to two one-sided tests with the null hypothesis of bio-inequivalence at the 5% significance level. 

Parameters to be analyzed and acceptance limits.

The parameters to be analyzed are AUCt, Cmax and Cmin (if applicable). A statistical evaluation of Tmax is not required. For AUC, the ratio of the two treatment means should be entirely contained within the a priori limits 80% to 125%. The acceptance limits for Cmax and Cmin should also generally be within 80% to 125%. However, as these parameters may exhibit a greater intra-individual variability, a widening of the limits to a maximum of 70% to 143% could in rare cases be acceptable if it has been prospectively defined in the protocol together with a justification from efficacy and safety perspectives.
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EMEA definition of Withdrawal time
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The definition of a WT is as follows:
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regression technique is recommended. Data from an actual residue study were used to
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The definition of WT is related to a tolerance interval. A tolerance interval is a statistical interval within which, with some confidence (here 95%) a specified proportion of a population falls (here 95%).

For a WT you want to be 95% sure that the interval contains 95% of the animals in the EU and 99% in the US.

A WT is determined by a tolerance interval. To compute a tolerance interval you have to specify two different percentages. One expresses how sure you want to be, and the other expresses what fraction of the values the interval will contain. If you set the first value (how sure) to 50%, then a tolerance interval is the same as a prediction interval (see our first exercise). 

To understand that a quantile is a random statistic, we simulate, using Crystal Ball®, a sample of size = 20 for an endpoint having a mean=100 and an SD=10.
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The 90% quantile estimated from this sample is 113. The quantile is a random variable and if we draw another sample of size 20, the small observed quantile will be different. We want to know the upper bound of the confidence interval to guarantee we are sure (with a given risk) to capture at least 90% of the animals (mean = 100 ; SD=10). 

Using the same parameter, the 90% quantile estimated from a sample of 100000 animals is now 125.64. This is the critical value that we expect to estimate when computing the upper bound of the confidence interval from our small sample.
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For more details on withdrawal time, consult the EMEA website



You can download from the EMEA WT calculator the site 
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Contrasting the BE and WT definition
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It is possible to have two formulations with exactly the same means (thus for which BE can be demonstrated) but having different variances.
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A possible example is for collective treatments where the dispersion around the mean can be different between formulations due to a problem of palatability
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Bioequivalence and withdrawal time

• Bioequivalence is related to a confidence interval for a 

parameter (e.g. geometric mean AUC-ratio for 2 

formulations)

• Withdrawal time is related to a tolerance limit (quantile 95% 

EU or 99% in US) and  it 

is define as the  time when the 

upper one-sided 95% tolerance limit for residue is 

below the MRL with 95% confidence“

• The fact to guarantee that the 90% confidence interval for 

the AUC-ratio of the two formulations lie within an 

acceptance interval of 0.80-1.25 do not guarantee that the 

upper one-sided 95% tolerance limit for residue is below the 

MRL with 95% confidence for both formulations"


In this example, the 2 formulations have exactly the same mean but different variances.
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In this case, there is no reason to assume that the WTs will be identical.


[image: image18.emf]CVMP CMD Paris 2008 -

68

Bioequivalence and withdrawal time

Formulation A

Formulation B

WT

A 

< WT

B

MRL

Time

Concentration

WT

A

WT

B



[image: image19.emf]CVMP CMD Paris 2008 -

69

Bioequivalence and withdrawal time

• Withdrawal time are generally much more longer 

than the time for which plasma concentration 

were measured for BE demonstration

LOQ

WT

BE

Pionner

Generic

WT for 

the generic

WT for 

the pionner



[image: image20.emf]CVMP CMD Paris 2008 -

70

Who is affected by an inadequate 

statistical risk associated to a WT

• It is not  a consumer safety issue

• It is the farmer that is protected by the 

statistical risk associated to a WT 

– It is the risk, for a farmer, to be controlled 

positive while he actually observe the WT.

–

When the WT is actually observed,  at 

least 95% of the farmers  in an average of 

95% of cases should be negative!!!


In order to attempt to convince the CVMP that they were wrong, when assuming that the demonstration of bioequivalence between two formulations was sufficient to guarantee the statistical risks associated with a withdrawal time, you decided to provide a counter example to show that it is possible to have two formulations complying with BE requirements while their WTs differ considerably.

For that you will have to build a data set that fits your expectation. Considering that BE is demonstrated using plasma concentrations over a rather short period of time (e.g. 24 or 48h) but that WT is generally much longer (e.g. 12 days), you can expect that two bioequivalent formulations exhibiting a so-called very late terminal phase could have different WT.

What is a very late terminal phase?

The steady improvement in the sensitivity of analytical techniques enables several phases in the disposition of drug to be detected, which in turn means that several half-lives can be computed. The importance of any terminal half-life depends on its biological relevance (contribution to clinical efficacy, persistence of residues in food). The case of aminoglycosides may be cited. The terminal phase of clinical relevance is relatively short (2 h) but, using a sensitive analytical technique, an additional phase can be detected having a half-life of approximately 24 h. This phase does not contribute to the antibiotic efficacy but reflects persistence of drug residues. This very late terminal phase is actually controlled by the redistribution rate constant from some tissues to plasma.

Aminoglycosides achieve particularly high and persistent concentrations in the kidney, so that concentrations in plasma decline with hours or days, whilst concentrations in renal tissue can exceed the MRL (maximum residue limit) for weeks or months. 

This very late terminal phase can accumulate as shown by the next figure leading to very different WT for single vs. repeated doses of administration.
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For further explanations, see chapter 15 of the book “Comparative pharmacokinetics”, 2nd Ed. Wiley-Blackwell 2011 by M. Martinez and JE Riviere.
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Selecting a model to simulate our data set

· To mimic a drug having a very late terminal phase, a model with 2 phases of absorption was selected as depicted in the next figure:
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Where Ka1 and Ka2 are the two rate constants of absorption for fraction 1 and fraction 2 respectively (meaning that fraction1 is absorbed with a rate constant of Ka1 and fraction 2 with a rate constant of Ka2); K10 is the rate constant of elimination and Vc is the volume of distribution; Dose is the administered dose.

The equation describing this monocompartmental model is: 
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It was assumed that the bioavailability was total i.e. F1+F2=1 thus F2=1-F1

Implementation of the selected model in a new Excel sheet

We have to write this equation in Excel and to solve it for times ranging from 0 to 144h for plasma concentrations and from 144 to 1440 h for tissue concentrations.

The next figure shows my own Excel sheet that you can use if you do not succeed in implementing this model or if you do not have; check at least concentration for a given time.

Note that I wrote a label for each predicted plasma and tissue concentration. 
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In this example, tissue concentrations (from 144 to 1440h) were fixed at 100 times the corresponding plasma concentrations without loss of generality.

Monte Carlo simulation to establish a data set

With the conventional Excel sheet, we can compute plasma concentrations only for single animals. Actually we want to analyze data from 24 animals randomly selected from a normal population; a first option would be to manually solve 24 times the model after drawing the figure from a random table that should vary within the population; this would be very tedious and CB will do it for us.

· We will simulate a data set corresponding to the required number of animals using Crystal Ball (CB)
· For the BE trial, we need 12 animals to carry out a 2x2 crossover design i.e. 24 vectors of plasma concentrations from time 0 to 144h (12 vectors for formulation1 and 12 vectors for formulation 2).

· For the WT we are planning a trial with 4 different slaughter times (14, 21, 28 and 45 days) and for each slaughter time, we need 6 samples i.e. 24 animals per formulation; thus the total number of animals to simulate for the WT is 48.

· The total number of vectors to simulate is  n=72 i.e. 36 for formulation1 and 36 for formulation 2.

· For the sake of simplicity, we will only introduce variability in F1; we assume that F1 is normally distributed with a mean F1=0.7 associated with a relatively low inter-animal variability of 10%. For the second formulation we also fixed F1=0.7 but with an associated CV of 30% meaning more variability between animals for this second formulation but the same average PK parameters.

· To compute the WT, we have a Maximal Residue Limit (MRL) of 30 (same units as plasma concentrations)

· Here we first want to generate 12 plasma concentration profiles corresponding to formulation 1 and 12 concentration profiles corresponding to formulation 2.

· Close Excel, open CB

Crystal Ball Welcome Screen:
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· Click use CB or open Workbook to directly load your already existing model sheet.
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Crystal Ball menus

· When you load CB with Excel, some new menus appear in the Excel menu bar and a specific CB toolbar. 
Crystal 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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· Click the F6 cell containing the value of F =0.70 then the CB button [image: image33.png]


 to select our assumption on the distribution associated with F ; open the gallery and select ‘Normal’  [image: image34.png]egories  Help.
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.

By default CB fixes the average of the distribution to the value indicated in the active cell (F6) and suggest an SD= 10% of the mean corresponding to a CV=10%: that is precisely what we want

· Click OK and the F6 cell (our assumption) is now green.

· The next step is to define forecast cells (cell D29 to D39) i.e. the plasma concentrations; forecast cells contain the formulas giving plasma concentrations for the given set of parameters including F that is our assumption cell. But while all the parameters of our model are point estimates, F is a distribution characterized by its mean and SD and at each iteration, CB will withdraw a different value of F, updating the different forecasts (plasma concentrations) at each simulation.

· Click cell D26 then the button for forecast [image: image36.png]


; 

CB displays the next panel and takes as a label of the forecast the label written in the adjacent cell. This panel can be edited; repeat this operation for times from 0 to 144 (only plasma concentration for the BE). 
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Cells for forecast are now in blue.

The Excel sheet is now ready to run a simulation with assumptions in green and forecasts in blue
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In your Excel folder, I have also prepared a second sheet corresponding to formulation 2 with exactly the same model; CB will simulate the 2 sheets altogether. Thus we have to edit this sheet i.e. cell F7 for assumption (normal distribution, mean=0.70 and SD=0.21 corresponding to a CV=30%).

The next step is to set run preferences to specify the number of trials (and initial seed values if you wish) 

· Chose Run>Run preference>Trials
· In the number of trials To Run field, type 12, i.e. the number of vectors for formulation 1 and for formulation 2.
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· Click the run button. When the simulation is completed, the next panel appears
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· Click Analyze and select an option (e.g. to display a graph of your forecasts)
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· Select Overlay chart  and tick for time=2h and 120h for  formulation A and B at 2h 
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The next bar chart shows simulated concentrations at 2 and 120h post dosing.  
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Visual inspection of the graph indicates that the dispersion of concentrations is higher for formulation A than for formulation B and that the difference is more accentuated at 120h than at 2h post dosing (be careful with the scale) 

Or plot only data at 120h
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To keep a trace of our simulation, I created a full report with CB. 
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Now we can extract data for the 12 animals and the 2 formulations (in a new sheet) 
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Forecast data are collected as a horizontal table. 

In Excel using the transpose function you now have to prepare your data for a WNL NCA analysis. 

· Import your forecast into WNL

The next graph displays the 12 kinetics plotted in WNL for the two formulations. As expected, variability is higher for formulation B than formulation A.

Formulation A (forecasts obtained in CB)
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Formulation B (forecast obtained in CB)
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Table 1 gives the AUCs as estimated by WNL (non-compartmental analysis).

AUC and Cmax for our 12 plasma concentration profiles for formulations A and B simulated by CB; this table was obtained using WNL

Table 1: AUC and Cmax as given by WNL using the simulated data.

	Formu

lation
	Animals
	HL_Lambda_z
	Tmax
	Cmax
	Tlast
	Clast
	AUClast
	AUC_%Extrap_obs
	MRTlast

	A
	1.00
	21.09
	12.00
	19.41
	144.00
	0.36
	874.30
	1.24
	33.51

	A
	2.00
	24.96
	12.00
	16.01
	144.00
	0.58
	754.06
	2.70
	35.87

	A
	3.00
	24.97
	12.00
	15.99
	144.00
	0.58
	753.23
	2.70
	35.88

	A
	4.00
	23.10
	12.00
	17.59
	144.00
	0.48
	809.94
	1.94
	34.68

	A
	5.00
	22.62
	12.00
	18.01
	144.00
	0.45
	824.96
	1.75
	34.39

	A
	6.00
	23.31
	12.00
	17.38
	144.00
	0.49
	802.11
	2.01
	34.81

	A
	7.00
	23.70
	12.00
	17.03
	144.00
	0.51
	789.85
	2.16
	35.06

	A
	8.00
	23.10
	12.00
	17.59
	144.00
	0.48
	809.78
	1.94
	34.68

	A
	9.00
	23.66
	12.00
	17.12
	144.00
	0.51
	793.43
	2.15
	35.03

	A
	10.00
	24.92
	12.00
	16.08
	144.00
	0.58
	756.54
	2.68
	35.83

	A
	11.00
	25.08
	12.00
	15.93
	144.00
	0.59
	750.78
	2.76
	35.92

	A
	12.00
	24.92
	12.00
	16.09
	144.00
	0.58
	756.87
	2.68
	35.82

	B
	13.00
	32.14
	12.00
	11.38
	144.00
	0.88
	589.17
	6.48
	40.61

	B
	14.00
	24.15
	12.00
	16.70
	144.00
	0.54
	778.38
	2.36
	35.33

	B
	15.00
	23.47
	12.00
	17.27
	144.00
	0.50
	798.59
	2.08
	34.91

	B
	16.00
	39.96
	12.00
	8.40
	144.00
	1.07
	483.24
	11.32
	45.37

	B
	17.00
	30.44
	12.00
	12.25
	144.00
	0.82
	620.12
	5.49
	39.51

	B
	18.00
	26.00
	12.00
	15.19
	144.00
	0.63
	724.63
	3.16
	36.54

	B
	19.00
	38.16
	12.00
	8.97
	144.00
	1.04
	503.58
	10.21
	44.33

	B
	20.00
	18.04
	12.00
	21.54
	144.00
	0.22
	949.94
	0.60
	32.31

	B
	21.00
	28.33
	12.00
	13.57
	144.00
	0.74
	667.38
	4.34
	38.09

	B
	22.00
	17.83
	12.00
	21.77
	144.00
	0.21
	958.48
	0.56
	32.22

	B
	23.00
	165.22
	12.00
	4.90
	144.00
	1.30
	359.13
	46.32
	54.60

	B
	24.00
	24.36
	12.00
	16.51
	144.00
	0.55
	771.14
	2.45
	35.46


You can compute some statistics using the statistical tool of WNL. It appeared that the ratio of the AUC (geometric means) was 0.83 (659.2/788.8). This point estimate is to close to the a priori lower bound of the a priori confidence interval for a BE trial (lower bound is 0.8) thus I know a priori that it will be impossible to conclude there is a BE with this data set.

Descriptive statistics for the first set of data

Table 2

	Variable
	Formu

lation
	N
	Mean
	SD
	Min
	Median
	Max
	CV%
	Geometric_Mean

	Cmax
	A
	12
	17.0192
	1.0660
	15.9300
	17.0750
	19.4100
	6.2634
	16.9894

	Cmax
	B
	12
	14.0375
	5.1565
	4.9000
	14.3800
	21.7700
	36.7341
	13.0180

	AUClast
	A
	12
	789.6527
	37.7469
	750.7825
	791.6363
	874.3000
	4.7802
	788.8435

	AUClast
	B
	12
	683.6454
	183.1758
	359.1300
	696.0025
	958.4775
	26.7940
	659.2492

	Tmax
	A
	12
	12.0000
	0.0000
	12.0000
	12.0000
	12.0000
	0.0000
	12.0000

	Tmax
	B
	12
	12.0000
	0.0000
	12.0000
	12.0000
	12.0000
	0.0000
	12.0000


Therefore, it was decided to re-run the simulations but with a lower variance for the second formulation (do not simulate the set of data yourself)

For this second simulation CVs were =10 and 20% for formulations A and B respectively; keeping the same mean F=0.70.

Table 3 gives the AUC as computed in WNL

Table 3: AUC and Cmax as given by WNL using the second set of simulated data

	Formul.
	Animals
	HL_Lambda_% same average F=0.7
	Tmax
	Cmax
	Clast
	AUClast
	AUC_%

Extrap_obs
	MRTINF

_obs

	A
	1
	21.0870
	12.0000
	19.4100
	0.3600
	858.4600
	1.2597
	35.7955

	A
	2
	24.9604
	12.0000
	16.0100
	0.5800
	754.0575
	2.6952
	39.7526

	A
	3
	24.9718
	12.0000
	15.9900
	0.5800
	740.1825
	2.7455
	40.3609

	A
	4
	23.0997
	12.0000
	17.5900
	0.4800
	809.9400
	1.9368
	37.4387

	A
	5
	22.6188
	12.0000
	18.0100
	0.4500
	810.2700
	1.7800
	37.4418

	A
	6
	23.3114
	12.0000
	17.3800
	0.4900
	802.1050
	2.0131
	37.6896

	A
	7
	23.6962
	12.0000
	17.0300
	0.5100
	775.9550
	2.1975
	38.7314

	A
	8
	23.1012
	12.0000
	17.5900
	0.4800
	809.7800
	1.9373
	37.4423

	A
	9
	23.6566
	12.0000
	17.1200
	0.5100
	779.4625
	2.1843
	38.6792

	A
	10
	24.9244
	12.0000
	16.0800
	0.5800
	756.5350
	2.6828
	39.6972

	A
	11
	25.0772
	12.0000
	15.9300
	0.5900
	737.7925
	2.8118
	40.5001

	A
	12
	24.9206
	12.0000
	16.0900
	0.5800
	756.8725
	2.6812
	39.6852

	B
	13
	29.0797
	12.0000
	13.1000
	0.7700
	639.7425
	4.8068
	46.1992

	B
	14
	24.1787
	12.0000
	16.6500
	0.5400
	776.4475
	2.3685
	38.7555

	B
	15
	23.7713
	12.0000
	17.0300
	0.5200
	776.0450
	2.2463
	38.8209

	B
	16
	32.7156
	12.0000
	11.1100
	0.9000
	579.6275
	6.8282
	51.2307

	B
	17
	28.1191
	12.0000
	13.6800
	0.7300
	659.7150
	4.2961
	44.7775

	B
	18
	25.3933
	12.0000
	15.6400
	0.6000
	740.5700
	2.8825
	40.3179

	B
	19
	31.9058
	12.0000
	11.4900
	0.8700
	583.8750
	6.4185
	50.5974

	B
	20
	20.0179
	12.0000
	19.8700
	0.3300
	890.8050
	1.0585
	34.7102

	B
	21
	26.8990
	12.0000
	14.5600
	0.6800
	690.3150
	3.6820
	43.0048

	B
	22
	19.8402
	12.0000
	20.0300
	0.3200
	896.4525
	1.0114
	34.5564

	B
	23
	38.7400
	12.0000
	8.7800
	1.0500
	489.8150
	10.6991
	61.7968

	B
	24
	24.3521
	12.0000
	16.5200
	0.5500
	771.7050
	2.4428
	38.9689


The descriptive statistics are given in Table 4.

The point estimate of the AUCs ratio is now  0.89 and we can expect to demonstrate a BE.

Table 4: Descriptive statistics for the second set of data

	Variable
	Formul.
	N
	Mean
	SD
	Min
	Median
	Max
	CV%
	Geometric

_Mean

	AUClast
	A
	12
	782.6177
	36.1863
	737.7925
	777.7088
	858.4600
	4.6238
	781.8621

	AUClast
	B
	12
	707.9263
	124.3751
	489.8150
	715.4425
	896.4525
	17.5689
	697.5944

	Cmax
	A
	12
	17.0192
	1.0660
	15.9300
	17.0750
	19.4100
	6.2634
	16.9894

	Cmax
	B
	12
	14.8717
	3.4387
	8.7800
	15.1000
	20.0300
	23.1224
	14.4844


Assessment of bioequivalence of the two formulations

We will test the BE of these two formulations using the BE wizard of WNL.

WinNonlin includes a Bioequivalence Wizard that calculates average or population bioequivalence.

Defined as relative bioavailability, bioequivalence involves comparison between test (here formulation A) and reference formulations (here formulation B).

The procedure for establishing average bioequivalence was recommended by the FDA in the 1992 guidance on “Statistical Procedures for Bioequivalence Studies Using a Standard Two-Treatment Crossover Design.” 

For a crossover design, the default model used in the Bioequivalence Wizard is as follows.

· First we have to prepare an appropriate table (with Excel) with a code (dummy) for the factor Period and Sequence as follows:

Table 5: Excel sheet for the bioequivalence analysis

	formulation
	subject
	period
	sequence
	Cmax
	AUC

	ref
	1
	1
	1
	19.41
	858.46

	ref
	2
	1
	1
	16.01
	754.0575

	ref
	3
	1
	1
	15.99
	740.1825

	ref
	4
	1
	1
	17.59
	809.94

	ref
	5
	1
	1
	18.01
	810.27

	ref
	6
	1
	1
	17.38
	802.105

	ref
	7
	2
	2
	17.03
	775.955

	ref
	8
	2
	2
	17.59
	809.78

	ref
	9
	2
	2
	17.12
	779.4625

	ref
	10
	2
	2
	16.08
	756.535

	ref
	11
	2
	2
	15.93
	737.7925

	ref
	12
	2
	2
	16.09
	756.8725

	test
	1
	2
	1
	13.1
	639.7425

	test
	2
	2
	1
	16.65
	776.4475

	test
	3
	2
	1
	17.03
	776.045

	test
	4
	2
	1
	11.11
	579.6275

	test
	5
	2
	1
	13.68
	659.715

	test
	6
	2
	1
	15.64
	740.57

	test
	7
	1
	2
	11.49
	583.875

	test
	8
	1
	2
	19.87
	890.805

	test
	9
	1
	2
	14.56
	690.315

	test
	10
	1
	2
	20.03
	896.4525

	test
	11
	1
	2
	8.78
	489.815

	test
	12
	1
	2
	16.52
	771.705


Then we import these data into a new WNL workbook
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The fixed effect model is:
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Or using indices
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Where 
[image: image52.wmf]ijk

Y

= the observation associated with the ith subject (nested in the kth sequence during the jth period); ( = the population mean for the measure of interest; Seqk = the kth sequence; Subi(k) = the ith subject within the kth sequence; Periodj = the jth period; Formulation(j,k) = formulation associated with the jth period and the kth sequence and Errorijk = the residual (unexplained) error associated with the ith subject (nested within the kth sequence) during the jth period. It is this error term that determines the width of the 90% confidence interval.

Start the Bioequivalence Wizard by choosing Tools>Bioequivalence Wizard or by clicking on the Bioequivalence Wizard toolbar button.

Type of Bioequivalence: Select average bioequivalence using the buttons at the upper right

· For average bioequivalence, select the study type at the top right 

· For a crossover, select Crossover at the top left

· WNL will try to match the variable names from the active data set with the Subject, Sequence, Period, and Formulation fields.

· Select the reference formulation, against which to test for bioequivalence, from the pull down list labeled Reference Value (here formulation A) 

·  Click Next to proceed with the analysis:
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· Drag AUC and Cmax in the Dependent variable box 
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· For Average bioequivalence the Model Specification field automatically displays an appropriate fixed effect (Formulation, period, and sequence) model for study type

· Select a log transformation from the pull down list for Dependent Variables Transformation

· Click “next” the following screen is displayed
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It gives the random effect model. Actually, it can be ignored (deleted)

· Click "next": the following screen is displayed

Keep bioequivalence options as indicated
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Click “next”

For this example, a warning appears to indicate that a variance component is actually negative and suggests omitting it (the VC in question is the random model that can be deleted)
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Click OK and Next

Bioequivalence output

The Bioequivalence Wizard generates a new bioequivalence workbook. Average bioequivalence can produce text output as an option.
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For AUC the regulatory 90% CI was: from 80.48-98.91

For Cmax the CI 90% was: 73.9- 98.3
The next screen gives the ANOVA table
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And we can conclude that the 2 formulations are bioequivalent for Cmax  (a priori CI between 70 and 143%) and for AUC (a priori CI between 80 and 125%) 

Computation of withdrawal time for the two formulations

· The first step is to generate tissue concentrations with CB. We will first deselect our plasma concentrations from 0 to 144 h as forecasts using the clear button [image: image60.png]2 |



 

· Then define tissue concentrations from 144 to 1440 h as forecasts and qualify the name with the label of the cell located to the right of the forecast.

· Tissue concentrations were calculated with exactly the same model as for plasma concentrations but the result was multiplied by 100. It means that tissue concentrations decay in parallel with the plasma concentrations with a tissue to plasma ratio of 100.

· Set run parameters; here there will be only one sampling per animal thus we need to simulate 24 animals (not 12 as for plasma) 

· Click the Run button

· Display an overlay chart (e.g. tissue concentration at 60 days)

· Visual inspection of the figure shows a larger scatter for formulation B than formulation A.
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Raw data for withdrawal time computation are given in Table 5.

Table 6: Raw data obtained by MCS for a WT computation

	
	
	Formulation A
	Formulation B
	Formulation A
	Formulation B

	Days
	animals
	
	
	
	

	14.00
	1.00
	17.47
	47.82
	27.12
	40.91

	14.00
	2.00
	33.79
	30.74
	6.212271113
	11.0600492

	14.00
	3.00
	33.89
	28.91
	
	

	14.00
	4.00
	26.19
	57.38
	
	

	14.00
	5.00
	24.18
	45.02
	
	

	14.00
	6.00
	27.22
	35.58
	
	

	21.00
	7.00
	20.65
	39.69
	22.00
	26.92

	21.00
	8.00
	18.73
	10.88
	2.381893023
	15.54729966

	21.00
	9.00
	20.35
	29.14
	
	

	21.00
	10.00
	23.92
	10.35
	
	

	21.00
	11.00
	24.44
	49.02
	
	

	21.00
	12.00
	23.87
	22.42
	
	

	28.00
	13.00
	13.62
	17.69
	16.15
	18.51

	28.00
	14.00
	19.80
	28.63
	2.891908814
	7.881411588

	28.00
	15.00
	13.78
	16.87
	
	

	28.00
	16.00
	13.86
	4.95
	
	

	28.00
	17.00
	19.49
	20.14
	
	

	28.00
	18.00
	16.37
	22.77
	
	

	45.00
	19.00
	10.70
	7.89
	7.14
	6.34

	45.00
	20.00
	7.42
	6.52
	2.427379973
	0.984033284

	45.00
	21.00
	5.80
	4.96
	
	

	45.00
	22.00
	9.17
	6.75
	
	

	45.00
	23.00
	5.40
	5.85
	
	

	45.00
	24.00
	4.35
	6.06
	
	


Computation of the Withdrawal time using the EMEA software
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The program WT1.4 was developed in order to provide a user-friendly tool for using the statistical method for the calculation of withdrawal times.

After double-clicking on the WT1.4 icon, the program starts and the opening screen appears. Press the continue button.

Making/saving a new data set
· Select file-> new file from the menu-bar (the first input screen will appear)

· Enter the appropriate data (number groups=4 ; animals/group=6)

· Check the data (by simply clicking on the appropriate box and then altering the data)

· Press OK (The next input screen will appear)

· Enter the times and concentrations 

· Check the data (by simply clicking on the appropriate box and then altering the data)

· Press OK

· Save the data-file and give it a name (the extension must be “.WT”)
Analyzing a data set

· Click on the Set> MRL-menu option and enter the value of the MRL (here 30)
· Choose a confidence interval (standard setting 95%) by clicking on the level of choice

· Click on the Analyze-menu option (the results of the analysis will appear on your screen)

· Next, you can make various plots appear by clicking on the appropriate menu option.

1- Show >plot graph provides a concentration-time plot (semi-logarithmic), showing the data points, the regression-line, the line of upper-confidence (95%), and the withdrawal time.

2- Show >plot dev provides a plot of the residuals (standardized by the residual error SXY) versus time.

3- Show >prob plot provides a plot of the ordered residuals (standardized by the residual error) SXY versus their cumulative frequency on a normal probability scale

Formulation A: WT=25 days
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Formulation B: WT=37 days
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The WT were very different for these two formulations (25 vs 37 days).

To accept the regression analysis to estimate a WT, it is necessary to check if the assumptions for a linear regression hold, namely homogeneity of variance.

The Cochran –test, which is the recommended test and checks for the homogeneity of variances, was not significant for both formulations (p>0.05), indicating the validity of the model used.

The Shapiro/Wilk test for normality of the calculated residuals was not significant for formulation A (p>0.10) indicating the validity of the model used but significant for formulation B). It is likely that a company facing this situation will nevertheless keep the result as such. If a data point is considered as an outlier, it can be deleted.

The classical alternative to the regression approach is the so-called pragmatic approach consisting of selecting the first slaughter time for which all observations are lower than the MRL. With the pragmatic approach, the WT would be 21 days for formulation A and 28 days for formulation B, indicating that this pragmatic approach is another inconsistency of the EMEA approach for WT setting.

Conclusion

This example shows that we are in position to demonstrate that an average bioequivalence between two formulations is not a proof to guarantee that the formulations have identical withdrawal times.
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