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ABSTRACT 

Generally, the trapezoidal is used to calculate the area under PK curve. Because the PK test data 

value is actual data, then all observation values should be positive.  In practical application, we 

need to calculate the AUC using the derived data which include the positive values and negative 

values. For example, the change from baseline value is derived from the baseline value and the 

observation value, which have different sign. Therefore, this kind of data will not be directly used 

the trapezoidal rule to calculate the AUC. In this paper, we introduce a method that the adjacent 

original observations with different sign generate new dummy observations by the geometric 

triangle theory, to calculate the AUC use the original observations and the dummy observations 

by the trapezoidal rule. 
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INTRODUCTION 

The trapezoidal rule is widely used to calculate the area under the PK curve.  The basic principle 

is that observations segment entire integration interval into multiple sub-intervals.  Each sub-

interval will form a closed area. The trapezoidal rule formula is as follow. 

𝐴𝑈𝐶(𝑡𝑖−𝑡𝑖−1) = (𝑡𝑖 − 𝑡𝑖−1) ×
f(t𝑖) + f(t𝑖−1)
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The sub-AUC value is summated as the AUC of entire interval 

𝐴𝑈𝐶(𝑏−𝑎) = ∑ 𝐴𝑈𝐶(𝑡𝑖−𝑡𝑖−1)

𝑏

𝑡=𝑎+1

 

 



The limitation of this method is that all of observation should be same sign. If the sign of two 

adjacent observations are opposite. The AUC result of directly using trapezoidal rule will be 

wrong. 

 

If we take the absolute value of each observation to calculate the sub-intervals AUC, The result is 

the half of rectangle areas which side length is the length of between adjacent observation and the 

value of adjacent observation.   

 

Thus, the trapezoidal rule will not be valid in this case. 



To take the trapezoidal rule in the AUC calculation, firstly, you must divided whole interval into 

multiple closed sub-intervals .secondly, the line of between adjacent observations must only form 

one closed area. Because the line of adjacent observation and the reference line form two right 

triangles. In fact, the sub-interval AUC should be the area of two right triangles. For this reason, 

we can get the sub-AUC through calculate the sum of the two triangle areas use the triangle area 

formula  

𝐴𝑈𝐶(𝑡𝑖−𝑡𝑖−1) = 𝑆𝑡𝑖
+ 𝑆𝑡𝑖−1

 

 

S =
1

2
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We can get two heights from the original data, The key of this formula is how can get the length 

of lower side of the triangle. Assume the original data contains M observations and form N 

intersection with reference line. One of the intersection is set to 𝑡𝑥. 

Through the similar triangle theorem,  

𝑡𝑥 − 𝑡𝑖−1

𝑡𝑖 − 𝑡𝑥
=

|𝑓(𝑡𝑖−1)|

|𝑓(𝑡𝑖)|
 

 

Derivation formula 𝑡𝑥 which is the dummy observation 

𝑡𝑥 =
𝑡𝑖−1 × |𝑓(𝑡𝑖)| + 𝑡𝑖 × |𝑓(𝑡𝑖−1)|

|𝑓(𝑡𝑖−1)| + |𝑓(𝑡𝑖)|
 

By the above formula, we can derive all dummy observation by the original observation value. 

The whole interval is split become M+N-1 sub-interval by the original observation and the 

dummy observation, at the same time, the line between the observation form M+N-1 closed area 

with reference line.  The AUC is the sum of area of M+N-1 sub-interval. 



 

By introducing dummy observation, the adjacent observation only form one closed area, so it can 

be directly calculated area of each sub-interval according to the trapezoidal rule.  

SAS MACRO 

Input the original data, setting  𝑓(t) = lbblchg , t = lbandy. 

 

 
 

 

For calculated the final 𝑡𝑥, we must have the absolute value of adjacent observations and the 

value of previous adjacent observation. 

1. Derivation four variable |𝑓(𝑡𝑖)| , |𝑓(𝑡𝑖−1)| , 𝑓(𝑡𝑖−1),𝑡𝑖−1. 



 

2. Using SAS LAG function get the previous value,  |𝑓(𝑡𝑖−1)| = __𝑎𝑏𝑠𝑝𝑣𝑎𝑙𝑢𝑒，𝑓(𝑡𝑖−1) =

__𝑝𝑣𝑎𝑙𝑢𝑒, 𝑡𝑖−1 = __𝑝𝑑𝑎𝑦 and derive the absolute value by current value |𝑓(𝑡𝑖)| = __𝑎𝑏𝑠𝑣𝑎𝑙𝑢𝑒, 

 



 

3. Through comparing 𝑓(𝑡𝑖−1) and  𝑓(𝑡𝑖) whether have same sign to decide whether to derive the 

dummy observations。The dummy point 𝑡𝑥 is calculated by the formula. 

 

 

 



CONCLUTSIONS 

On the premise of not affect the final result, using the original observation to derive the dummy observation 

and using split the whole interval method to simple the procedure of calculation of the AUC. In order to 

easier calculate the different AUC. Eventually we modified the dataset to adapt to the trapezoidal rule. 
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