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What is “pharmacokinetics” ( PK)?
· Dictionary: “the study of the bodily absorption, distribution, metabolism and excretion of drugs                                                       =   (ADME)

· “PK” describes what happens to the drug from the time it enters the body to the time it leaves the body

“what the body does to the drug”
ABSORPTION
· Efficiency and speed of absorption depends on route of administration, as well as formulation
- Routes with an absorption step
Oral (mouth and gastrointestinal tract)

Subcutaneous (under the skin)

Intramuscular (into the muscle)

Dermal or transdermal (onto skin surface)

Nasal (squirted up the nose)

Pulmonary (inhaled into the lung)

- Route with no absorption step
Intravenous (drug injected or infused directly into the bloodstream)

· How much drug gets into the body?
- Extent of absorption
- Potential influences
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· How fast does the drug enter the body?
- Rate of absorption
- Potential influences
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DISTRIBUTION
· After drug reaches the circulation, where does it go in the body?
- Many tissues in the body (usually)

- More drug distributes into a tissue if:

( It receives high percentage of blood flow (“well perfused”)

( Drug easily crosses blood vessel wall and enters tissue (“high permeability”)

- Fat-soluble?

- Actively transported?
- Volume of distribution
( Calculated number - relates amount of drug in body to blood concentration

( Indicates relative extent of distribution – larger number indicates more extensive distribution from blood into rest of body
METABOLISM
· Most drugs undergo metabolism
· Metabolism can occur before the drug reaches the blood as well as after it enters the main circulation (“presystemic” versus “systemic” metabolism)
· Hepatic (liver) metabolism – most important site
- Wide variety and high activity of metabolic enzymes

- Receives up to 1/5 of cardiac output (highly perfused)

- Most of blood leaving the intestine goes through liver before re-entering main circulation (hepatic “first pass effect” after oral dosing)

· Intestinal metabolism
- Important for many drugs administered orally

- About 50% of marketed drugs are partly metabolized by type of enzyme (P450 3A or “CYP 3A”) in intestine

· Metabolism at other sites - kidney, lung, blood
· Metabolism transforms drugs into other compounds; in general:
- Fat soluble ( water soluble compounds

- Harder to excrete ( easier to excrete compounds

- More biologically active ( less biologically active compounds

· However, some metabolites are biologically active
- May contribute to therapeutic activity of drug product

- May be developed as products on their own

- May contribute to adverse drug reactions

EXCRETION
· Urinary excretion
- Kidneys extract unchanged drug and/or metabolites from circulation, excrete compounds into urine

- Urinary excretion often easy to assess

multiply urine concentration by urine volume to calculate excretion (recovery)

· Fecal excretion
- Liver contribution - liver cells extract unchanged drug and/or metabolites from main circulation and from blood coming from intestine

liver ( metabolism ( bile ( intestine ( feces

- Unabsorbed drug from oral dose

- Some compounds directly secreted by intestinal cells

- Fecal excretion usually difficult/ impossible to assess

· Other excretion routes 
What’s the SAS programmer’s role?
· Collects the raw data and produces derived data sets for the listings

- Demography/baseline characteristics

( Standard demography variables

( Baseline weight, or weight and height

- Dose may be “normalized” (standardized) to body weight, body surface area (BSA), or other measure of patient’s size

-
Some PK parameters may be normalized, either to dose or to patient’s weight, BSA or other characteristic

( Other characteristics

- example: baseline creatinine clearance in patients with renal impairment
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                        Patient Data Listing 1
                Demographic and Baseline Characteristics

Protocol: WSD-917-75                                               

             Patient          Age                   Height   Weight

Study Site    Number  Sex    (yrs)  Race             (cm)     (kg) 

___________________________________________________________________
Dr. Gene E. Us  01    Female    2   Barbie/Ken Doll   18      .1770
                02    Male     12   Hand Puppet       10      .0539
                03    Male     14   Barbie/Ken Doll   22      .2010
                04    Female   26   Stuffed Bear      25      .5970
                05    Male      5   Stuffed Bear      37      .6820
                06    Female    8   Hand Puppet       11      .0568
___________________________________________________________________
- Dosing data

( Date and clock time of dose – to calculate actual time since dose

( Total dose (or data needed to calculate it)

( Normalization of dose, if needed

- mg of drug per kg of body weight

- mg/msq of BSA (“meter-squared of body surface area”)

( Other factors
- Dose levels (5 versus 10 versus 25 mg)

- Dose forms (tablet versus oral solution)

- Routes (intravenous versus dermal)

-
Different study days

-
Periods

-
Single versus multiple dose

-
Sequence, if treatment order was randomized

- Sampling time data

( “Time point” sample (such as blood, plasma, or serum)

-
Single date and clock time per sample

-
Used to calculate actual time since dosing
act_time=(smpltime-dosetime)/3600; 

/* Actual time (hours) is difference between clock times of sampling and dosing, divided by 3600 (if sampling and dosing occur on same day)*/
( “Collection” sample (such as urine)

-
Dates and clock times for beginning and end of collection interval

-
Can be used to calculate excretion rates as well as total excretion into urine

Wall Street Darling Inc.                                    PAGE  1

WOW!                                                        21OCT04

                        Patient Data Listing 2

                   Randomization and Dosing Schedule

Protocol: WSD-917-75

Patient  Treatment           WOW!               Date of     Time of

Number   Sequence+ Period    Dose   Formulation  Dose        Dose  

___________________________________________________________________

 01        B/A       1      150 mg  NEW TABLET  06JUN02      8:30

           B/A       2      150 mg  OLD TABLET  20JUN02      7:55 

 02        A/B       1      150 mg  OLD TABLET  06JUN02      8:35 

           A/B       2      150 mg  NEW TABLET  20JUN02      8:00 

 03        A/B       1      150 mg  OLD TABLET  06JUN02      8:40 

           A/B       2      150 mg  NEW TABLET  26JUN02      7:50 

___________________________________________________________________

+  A = old tablet formulation; B=new tablet formulation            
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                                  Patient Data Listing 3

   Dates and Times of Plasma Sampling

Protocol: WSD-917-75                                                   

Patient       Sample  Sample  Nominal     Actual     Off From          

Number Period  Date    Time   Time Point Time (hr)   Nominal+ Comments

_______________________________________________________________________
  03     2   26JUN02    7:30  Predose       0.00                       

             26JUN02    8:13  20 min        0.38        X              

             26JUN02    8:34  40 min        0.73                       

             26JUN02    9:02  1 hr          1.20        X              

             26JUN02    9:58  2 hr          2.13                       

             26JUN02   11:16  3 hr          3.43                       

             26JUN02   13:08  5 hr          5.30                       

             26JUN02   15:57  8 hr          8.12                       

             26JUN02   20:01  12 hr        12.18                       

             27JUN02    8:17  24 hr        24.45                       

_______________________________________________________________________

+  Difference between actual time and nominal time point is >15% of

 nominal timepoint                                                
- “Raw” concentration data

( Often comes directly from analytical laboratory, not from case report form
( Concentration= amount/volume
( Concentration of what compound?

-
Drug

- Metabolite(s), possibly

( Concentration in what matrix?

-
Blood/plasma/serum

- Urine

- Other (example: fecal extracts, bile)
( Often not provided as SAS data set or SAS transport file

- Excel or other spreadsheet?

- Delimited file?

- Import procedure needed

( Example, using PROC IMPORT for a WOW! data set

- Very easy

- SAS writes the statements, using information you give it in a dialogue

- Not customized, especially for formatting
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                        Patient Data Listing 4

                  Plasma Concentrations of Feelbetter

Protocol: WSD-917-75                                                   

Patient                  Nominal    Concen-                            

Number Period  Analyte   Time Point tration Units  Matrix  Comments    

_______________________________________________________________________

 01      1    Feelbetter  PREDOSE     0.00  ng/mL  Plasma  <LLOQ(1.00) 

              Feelbetter  20 MIN     27.30  ng/mL  Plasma              

              Feelbetter  40 MIN     90.10  ng/mL  Plasma              

              Feelbetter  1 HR       88.80  ng/mL  Plasma              

              Feelbetter  2 HR       53.00  ng/mL  Plasma              

              Feelbetter  3 HR       37.00  ng/mL  Plasma              

              Feelbetter  5 HR       20.20  ng/mL  Plasma              

              Feelbetter  8 HR       12.70  ng/mL  Plasma              

              Feelbetter  12 HR       9.45  ng/mL  Plasma              

              Feelbetter  24 HR       6.32  ng/mL  Plasma              

_______________________________________________________________________
PROC IMPORT OUT= WORK.WOW_plas 

   DATAFILE= "C:\Datafile\SCW\SASCLASS\WOW_plas.txt"

   DBMS=TAB REPLACE; /* TAB indicates

input file is a delimited file,

with tabs as delimiters */

   GETNAMES=YES; /*Use the variable

names given in Row 1*/
   DATAROW=2; /*Start reading data at

Row 2*/
RUN;

( Same example

- Based on statements from IMPORT

- More “upfront” work

- Much more control and ability to customize

DATA work.WOW_plas ;


%let _EFIERR_ = 0 ;

INFILE 'C:\datafile\SCW\sasclass\WOW_plas.txt' 


DLM='09'x missover DSD lrecl=32767

   firstobs=2;

 INFORMAT analyte $10.  protocol  $12.



  patient  $2.  period

 1.



  time_pt
$7.  concent    7.2



  concunit
$14. matrix  
   $6.



  comments
$40.;

 INPUT 
analyte  $  protocol $




patient  $  period

 


time_pt  $  concent




concunit $  matrix $ comments $;


IF _ERROR_ then call 

        symput('_EFIERR_',1);

RUN ;

- SAS can import other databases (depending on your SAS Access products)

( Excel spreadsheet (DBMS identifiers of Excel5, Excel97, Excel2000, etc.)
( dBASE file (DBMS identifier of DBF)

( Microsoft Access database (DBMS identifiers of Access, Access97, Access2000, etc.)

( Lotus spreadsheet (DBMS identifiers of WK1, WK3, WK4)

( Comma-delimited file (not useful if commas in any fields)

(
Delimited file with blank as delimiter (not useful if any blanks in character fields)

SAS programmer’s role (cont’d)
· Identifies “problem” observations for checking

- Missing sample at a nominal time point

 (was sample ever obtained?)

 (mismatch between case report form and analytical lab records?)
- Actual time not within acceptable range of nominal time point

 (sample not obtained at time specified by protocol?)

 (clock time recorded incorrectly?)

( Affects accuracy of calculated PK parameters (if based on nominal time)

( Affects inclusion/exclusion from summary statistics 

IF (timecode ^= 1) THEN

DO; /* Check for all observations

 except predose (timecode of 1) */


IF (abs((act_time-nom_time)/nom_time)

<= 0.15)

/* Calculate percent difference between nominal time and actual time*/

THEN timeflag=" "; /* If 15% or

less, don’t flag the observation */


ELSE timeflag="X" ; /* If larger

difference, set the flag */

END;


SAS programmer’s role (cont’d)
· Produces the critical data set merging concentration and time values
( Input dataset to PK analysis program (such as WinNonLin) or spreadsheet

-
enables calculation of PK parameters

( Input dataset usually in “vertical” format, one observation per sample
-
concentration

-
actual time

-
nominal time point/interval

-
identifiers (such as patient, day or period, analyte, units)

( Need an export procedure if PK analysis program can’t read a SAS transport file

- Example from WOW! data, using PROC EXPORT ( the easy way)

PROC EXPORT DATA= WORK.WINNON1 

   OUTFILE= "C:\Datafile\SCW\SASCLASS\Wininput.txt" 

   DBMS=TAB REPLACE; /* Output file is

 tab-delimited */

RUN;

- Same example, using DATA _NULL_ (more work, advantage is customization)

DATA _NULL_ ;

SET work.winnon1

end=EFIEOD ;


%let _EFIERR_ =0; /*set the ERROR

detection macro variable   */


%let _EFIREC_ =0; /*clear export

record count macro variable */
FILE 'C:\Datafile\SCW\sasclass\Wininput.txt'

delimiter='09'x DSD DROPOVER

lrecl=32767 ; /*Output file will

be tab-delimited*/

FORMAT procotol $12.;


FORMAT patient  $2.;


FORMAT period   1.;


FORMAT time_pt  $7.;


FORMAT act_time 7.3;


FORMAT analyte  $10.;


FORMAT usedconc 6.2;


FORMAT concunit  $6.;


If _N_ = 1 THEN  /*write column names

on line 1 of output file*/


DO;




PUT 'protocol' '09'x

 'patient'  '09'x

 'period'   '09'x


 'time_pt'  '09'x

 'act_time' '09'x

 'analyte'  '09'x





 'usedconc' '09'x


 'concunit' '09'x 
;



END;


DO; /*Write eight variables onto each

 
line, after line 1 */



EFIOUT + 1;



PUT protocol $ @; PUT patient $ @;



PUT period @;

  PUT time_pt $ @;


PUT act_time @;
  PUT analyte $ @;



PUT usedconc @;
  PUT concunit $ @;


END;


IF _ERROR_ THEN call

 symput('_EFIERR_',1);

/*set ERROR detection macro

 variable*/

IF EFIEOD THEN call

symput('_EFIREC_',EFIOUT);

RUN;

SAS programmer’s role (cont’d)
· Produces summary statistics for the parameters calculated by PK program

· Produces summary statistics for concentration-time profiles and urinary excretion data

· Produces tables, listings and figures/graphs (TLFs or TLGs) for individual patient and summary data

· May perform further analyses (bioequivalence ratios and confidence intervals, regression, analysis of covariance, dose proportionality)
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                     Input to WinNonlin Program

             Plasma Feelbetter Concentration by Actual Time
Protocol: WSD-917-75                                                   

Patient                     Nominal      Actual      WinNonlin-Used

Number  Period   Analyte    Time Point  Time (hr)    Concentration 

  01       1   Feelbetter   Predose      0.000             0.00    

               Feelbetter   20 min       0.367            27.30    

               Feelbetter   40 min       0.650            90.10

               Feelbetter   1 hr         1.017            88.80    

               Feelbetter   2 hr         1.983            53.00    

               Feelbetter   3 hr         3.183            37.00    

               Feelbetter   5 hr         5.183            20.20    

               Feelbetter   8 hr         8.033            12.70    

               Feelbetter   12 hr       12.000             9.45    

               Feelbetter   24 hr       23.833             6.32    

Pharmacokinetic (PK) parameters
· “Non-compartmental” analysis

- Descriptive PK parameters

- Few/no assumptions about physiologic processes; no “model”

(
Maximum concentration (Cmax) – observed (not calculated)

(
Time of maximum concentration (Tmax) – observed
(
Area under the curve (AUC) – a larger value of AUC means:

- a higher average exposure to compound during the time it is present in the body

“Linear-linear” plot
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- What can a higher AUC value mean?

Either: More compound is present in the body (absorbed or produced from a precursor) “more bucks”

Or: Compound is eliminated more slowly from the body “more bangs for the buck”

Or: Both factors together!!

(
Clearance (CL) – a larger number means: 

- on average, the compound disappears more rapidly from the body

- CL and AUC are inversely related

 (CL is calculated as Dose*F/AUC, where F is bioavailability)

(
Volume of distribution (V, Vd, Vss, Vc) a larger number means:

compound is distributed to a greater extent into the rest of the body from the circulating blood

(
Terminal half-life (t½(z) – a larger number means: 

compound disappears more slowly during the terminal (last, “lambda-z”) phase

“Log-linear” plot (logarithmic scale for concentration on y-axis)
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(
Urinary excretion – important if:

Either: much of the drug is eliminated by the kidney without being metabolized (unchanged) 

Or: much of the drug undergoes metabolism, and the metabolites are excreted into urine

· “Compartmental” analysis

- Based on model for physiologic processes
- Observed data are fit to model; parameters such as AUC and Cmax are then calculated, assuming the model is correct

- Less commonly used, because real-life data may not support model very well
And in conclusion....
Three things are certain:

Death, taxes, and lost data.
Guess which one has occurred.

Stay the patient course.

Of little worth is your ire.
The network is down.
/*Many thanks to Phyllis Salzman, who sent me these hilarious haiku-style poems*/
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