Bioequivalence:  
Saving money with generic drugs
Student Worksheet

	Introduction

In this you will examine the idea of bioequivalence from a mathematical perspective. 
	The U S Food and Drug Administration (FDA) defines bioequivalence as the following:

Pharmaceutical equivalents whose rate and extent of absorption are not statistically different when administered to patients or subjects at the same molar dose under similar experimental conditions.  Source:  www.fda.gov
Note:  Generic drugs save consumers and insurance companies millions of dollars each day. Since the FDA is responsible for approval of all generic drugs, they must insure they are equivalent to name-brand drugs (bioequivalent).

	As you can see from the chart on the right, the generic drug approval process can take as long as two years. 

Examine the chart.  Describe the trend in the number of generic drugs being approved by the FDA and the length of the approval process.
	

Source:  FDA



	The principal reason for the relatively low price of generic medicines is competition increases among producers when drugs are no longer protected by patents. Companies incur fewer costs in creating the generic drug, and are therefore able to maintain profitability at a lower cost to consumers.  Generic manufacturers do not incur the cost of drug discovery and instead are able to reverse-engineer known drug compounds to allow them to manufacture bioequivalent versions. Although generic manufacturers do not bear the burden of proving the safety and efficacy of the drugs through clinical trials since these trials have already been conducted by the brand name company, they must still do clinical trials to show that the rate and extent of availability are equivalent to the name-brand drug.
This activity will lead you to calculate two of the factors that the FDA uses to define bioequivalence.




Directions
	There are several factors that determine whether a drug is equivalent to a name-brand drug. We cannot go into all of those factors here for lack of time and because of the degree of statistics required.

The data to the right shows the Plasma Concentration (μg/ml) of a drug over time (hours) after an initial dose of 500 mg is given intravenously.  A microgram (μg) is one-millionth of a gram. In the hospital setting, it may be abbreviated as mcg. 
1. Construct a scatter plot of the data and describe the results.


	Time

Concentration

0.5

5.36

1

9.95

2

17.18

4

25.78

8

29.78

12

26.63

18

19.4

24

13.26

36

5.88

48

2.56

72

0.49

Source: www.inchem.org


	There are two components of this drug profile we’ll examine: the absorption phase and the elimination phase (the time when the data becomes exponential in nature).  The two data sets that represent those phases are shown in the two tables to the right.

2. Create a scatter plot for the elimination phase and determine the equation of best fit.  
	Absorption

Elimination

Time

Conc.

Time

Conc.

0.5

5.36

18

19.4

1

9.95

24

13.26

2

17.18

36

5.88

4

25.78

48

2.56

8

29.78

72

0.49

12

26.63



	The concentration during the elimination phase can be modeled with an exponential function. However, in the laboratory, technicians use another method to find the information they need.  The data is first linearized by taking the natural logarithm of the concentrations.  

3. 
Create a third column in the table with the elimination values and graph the time versus the linearized concentration.

               Find the linear model and its slope:

                ln(Conc.) = ___________ * Time + ___________

	Elimination

Time

Conc.

Ln(Conc.)

18

19.4

ln(19.4)=2.965

24

13.26

36

5.88

48

2.56

72

0.49




	The elimination rate constant, ke, is the negative of the slope of this line.  This is one of the factors that the FDA uses to test bioequivalence.

4.   What is the value of  ke?     

	Then the FDA compares the ke value of the name brand drug with the value of the generic drug to see if a bioequivalence exists. 


	Another factor used in testing bioequivalence  is the absorption rate constant, ka.  Finding it requires additional computations.

5. Complete the table to the right by extrapolating the line found in (3).  That is, use the linear model found in the elimination phase to compute the ln(concentration) for times 0.5, 1, 2, 4, 8, and 12 (the times during the absorption phase).

	Time

Conc.

Extrap:  ln(conc)

0.5

5.36

4.216-0.0683(time)=4.1817
1

9.95

2

17.18

4

25.78

8

29.78

12

26.63

18

19.4

-
24

13.26

-
36

5.88

-
48

2.56

-
72

0.49

-


	6.    Complete the fourth column of the table by raising the number e = 2.71828… [spreadsheets have a  built-in function: “=exp(number)”] to the value in the third column to show the modeled concentrations. Remember the third column represents the natural logarithm of the modeled concentration.


	Time

Conc.

Extrap:  ln(conc)

Modeled Conc.

0.5

5.36

4.1817
exp(4.1818)=65.48
1

9.95

2

17.18

4

25.78

8

29.78

12

26.63

18

19.4

2.96527

19.4
24

13.26

2.58475

13.26
36

5.88

1.77156

5.88

48

2.56

0.94001

2.56

72

0.49

-0.71335

0.49




	A number called the “residual” is then found by subtacting the actual concentrations (found in the second column) from the extrapolated concentrations during the absorption phase (found in a fourth column and in italics).
7.    Complete the table by finding the residuals.
	Time

Conc.

Extrap:  ln(conc)

Modeled Conc.

Residuals

0.5

5.36

4.18185

65.48

65.48-5.36=60.12

1

9.95

4.14770

2

17.18

4.07940

4

25.78

3.94280

8

29.78

3.66960

12

26.63

3.39640

18

19.4

2.96527

19.400

-

24

13.26

2.58475

13.260

-

36

5.88

1.77156

5.880

-

48

2.56

0.94001

2.560

-

72

0.49

-0.71335

0.490

-



	The absorption rate constant, ka is then found by finding the negative of the slope of the line that fits the time and ln(residual) data during the absorption phase.  

8. Complete the table and construct a scatter plot with a line of best fit.


	Time

Residuals

ln(residuals)

0.5

60.127

4.096

1

53.338

2

41.930

4

25.783

8

9.456

12

3.226



	9.    What is the absorption rate constant?   
ka =         


	The FDA compares the ka (absorption rate) value of the name brand drug with the value of the generic drug to see if a bioequivalence exists.




	Two other values used to compare drugs are the tmax and Cmax.

tmax  is the time it takes for the drug to reach a maximum concentration. This value is independent of the dose.

Cmax  is the maximum concentration and depends not only on the two rate constants but on the initial dose (D), the fraction of the dose that goes into the bloodstream (F), and the volume of blood (VD).  Let D = 500, F = 1 and VD = 10.

10.    Find  tmax  and  Cmax  .


	tmax  =  
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Cmax  =
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tmax  = 

Cmax  = 
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