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Fitting non-linear dose response curves with Graphpad Prism 4 and Excel
Activity 1:- Consolidation of previous session.

1. Complete the calculations of % error from the s.d. of log(10) dose on Session 1 slide – using EXCEL or your calculator.

2. Go to the web site and download the EXCEL demo  3pl-4pl-5pl.xls from the link “examples of dose response functions”. Explore the different models we have discussed in the last session, so that you understand how each function depends on its parameters.
A paper available on the web site explains more detail than you are every likely to want to know about the 5PL model.

___________________________________________________________

Activity 2:- Fitting a 4PL dose response curve in Prism 4 

Students’ activity: 
1. Download the Prism 4 workbook for fitting a four parameter logistic model from the web site.
2. Examine the data in the data table. And complete the details below.
What was the real dose for the dose with X=0.01___zero________

How many other doses on the standard curve___9________

How many replicates at each point_____3_____

G Raab Query to you: Why was standard data entered twice in the original of this? 

3. Examine the graph of the transformed data. Notice that individual replicates are shown and that the X axis has been split so as to show the zero dose separately. 
4. Identify and exclude the obvious outlier.
5. Fit a 4PL model (sigmoid dose response with variable slope) and examine the results table. Complete the table of estimates below.
	 
	estimate
	standard error
	95% confidence interval

	     BOTTOM
	0.1934
	0.0107
	 
	0.172428
	,
	0.214372

	     TOP
	0.9303
	0.05961
	 
	0.8134644
	,
	1.0471356

	     LOGEC50
	4.389
	0.07904
	 
	4.2340816
	,
	4.5439184

	     HILLSLOPE
	1.091
	0.1319
	 
	0.832476
	,
	1.349524

	     EC50
	24502
	 
	 
	17,143
	,
	34,988

	Absolute sum of squares
	0.01673
	
	
	

	Degrees of freedom
	25
	

	
	
	How did you get this

	Mean square
	0.01673
	Absolute sum  of squares divided by degrees of freedom

	Estimate of S.d. of an individual Y value
	0.00067
	Square root of mean square

	Estimate of S.d. of  the mean of 3 triplicates
	0.01494


	s.d. of an individual point divided by the square root of 3


How can you derive the 95% confidence interval from the estimate and the standard error?
Estimate plus and minus 1.96  (often just use 2) times its standard error
Might this curve have been fitted by a 3PL model?

Yes, this looks possible since the estimated slope is close to 1.0.

Do you think this would have been a good idea?

The answer here depends on many things. Do we know that the true curve here really should have a slope of 1.0? What do other assays of this family look like? Do they always have a slope of 1.0? If so fitting a 3PL could be a good QC check.

SAVE YOUR PRISM WORK SHEET FOR LATER
Review discussion and checking of results. 

Activity 3 Teacher and students: How to estimate precision of estimates.

From the first session we saw how to estimate the precision of an estimate from a linear fit. 


[image: image1]
· s.d. of mean of 3 triplicates =  s.d./(3

· We can estimate the individual s.d. from the s.d. about the curve

· Then reflect this s.d. on the x axis s.d. of log(dose) = (s.d./ (3)/slope
· The percentage error in an estimate of dose can be calculated as        [10^(s.e. of dose)-1 ]*100
We can do exactly the same for a non-linear fit but now the slope is not a constant but varies with the mean response. But it can easily be calculated from the formula for the dose response curve.
	Model
	Curve y=
	Slope with respect to x on a log scale dy/dx

	4PL
	bottom +(top-bottom) /                      
   {1+10^[slope*(log(EC50)-x)]}


	  Slope*(top-bottom)*ln(10)* 10^[slope*(log(EC50)-x)] /                      
   {1+10^[slope*(log(EC50)-x)]}^2


	Exponential
	bottom+k*exp(s*x)


	k*s*exp(s*x)


The graphs overleaf illustrate these functions. For the 4PL they show the whole range of the curve, but one would only use interpolation within the range of doses.
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Dose estimation and precision for the 4 PL model
1. Download and open the EXCEL workbook for dose estimation from the 4PL model. (4pl.xls)
2. Enter the parameter estimates from Prism 4 in the yellow cells. The doses for this assay have already been entered for you in the other yellow cells.
3. The hidden cells will now calculate the %error at each point on the curve and plot sit for you as a precision profile.
CHECK

Select one dose and check that the fitted value of y is the same on this sheet as given in Prism 4. 

Log dose_________ Fit on excel_________  Nearest fit in Prism 4______
At what dose is this assay giving the best precision_______________

And what is the % error in the estimate at this point_______________

Suggest a working range of this assay________________________

4. Now paste in the results from the unknown samples from Prism 4 to EXCEL. The spread sheet will give you dose estimates and 95% confidence intervals.

CHECK

Select one unknown and check that the interpolated value of x  is the same on this sheet as given in Prism 4.

 SAVE YOUR RESULTS
5. Now to see how it is done. Open up the hidden columns between columns F and M ( clisk on columns F and M, format, column, unhide)
What is calculated in each of the columns to the right of the dose. Write in your answers in words or formulae you can understand.
	log(x)
	

	fit
	

	s.d.
	

	s.d.of replicate mean
	

	S.d. of fitted value
	This column has zeros in it for now. We will come to it later

	total error
	For now this is identical to the column 2 to the left.

	slope
	

	s.d. of log dose
	

	CV%
	


6. In the lower section where the unknowns are interpolated.most of the columns are the same except for the columns log(x) and Ymean which are calculated differently and the last 3 columns that give the confidence interval for the dose. To see how this is calculated, unhide the columns between M and R.
Can you work out how the limits are calculated from the EXCEL code. Do a sketch of how it is done with respect to the dose-response curve below.


[image: image4]
If the lower limit comes below the bottom of the  curve then a dose cannot be calculated and the lower limit should be set at zero.
7. Now look at the place on the worksheet where the lower detection limit (also known as LLQ) is calculated. How is it done. Add the method to the sketch above.
Activity 4: Fitting an exponential dose-response curve
1. Download the Prism fille exponential.pzf from the web site.

2. Try to fit a 4PL. What happens?______  Why______

3. Now change the fit and  try an exponential model. Go to the equation dialogue box and select “exponential plus base” a model I have programmed.

4.  Look at the equation. What is it ____________

5. I also had to give rules for initial value. What are they_______

6. Now carry out the fit and look at the estimates

	
	Fitted value

	Bottom
	

	K
	

	S
	


7. The spreadsheet exponential.xls allows you to calculate the precison profile as for the 4PL model. Complete this in the same way as for the 4PL. Remember to include the Weighted sum of squares from the new fit (NOT the absolute value).
What would be your general comments about this assay?

	


.
Activity 5 (if time allows) Weighted versus unweighted fits.

The methods we have used to get the precision of dose estimates make no allowance for the uncertainty in the fitted curve. We can get this from Prism by  requesting 95% limits for the fitted curve in the equation dialogue box.

The uncertainty in the fitted curve varies at different positions. You can read +/- values from the fitted curve. Each is 2 standard errors. Find the values for some of the doses on the curve.
Now go to the EXCEL spread sheet for 4PL and enter the values in the appropriate box in column I (you put in ½ the +/- value). By how much does this affect the precision of the assay.
Activity 6 (if time allows) Weighted versus unweighted fits.
1. Return to your 4PL Prism sheet and make a note of the estimates you got in the unweighted fit column of the l table below.

	
	Unweighted fit
	Weighted fit

	Bottom
	
	

	Top
	
	

	Log(EC50)
	
	

	Slope
	
	


2. Now change the fit to a weighted fit by going to the weighting tab and select the button for “weighting by 1/Y”. Put the estimates you get in the last column. How do the two sets of estimates compare

3. Now go to your EXCEL sheet for 4PL and insert the new parameter values. To change the weighting on this sheet change the value of J at the top to 1.0.

How has this changed the precison of the estimates and in particular the LLQ value?

_______________________________________________________
s.e. of estimated dose





}





}





s.e. of mean of triplicates





95% CI in Y direction


 Mean +/-


2* s.e. of replicate mean





Then interpolate the top and bottom of the Y interval onto the curve to get an interval for X





Notice that this interval is not usually symmetrical





+ 3 s.e.s above zero dose fit





LLQ
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