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ABSTRACT 

A set of Statistical procedures has been developed for: 1 )  
the construction of linear standard curves for cases in which 
the sensltivlty of the assay spans a 1000-fold range; 2) the 
estlmatlon of unknown compound concentratlons wl th associated 
fiduclal limits; 3)  the validation of the assay; and 4) the 
generation of appropriate qua1 i ty control charts. This 
statistical methodology was applied t o  a new investlgational 
drug, CGP19984D. CGP19984D is a thiazolidinedione derivative 
that suppresses gonadal function and Inhibits tumor growth in 
both hormone-dependent and hormone-i ndependent mammary and 
prostatic adenocarclnoma in the rat. This compound has 
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888 COWENS ET AL.  

undergone ex tens i ve  pharmacologic and t o x i c o l o g l c  e v a l u a t i o n  i n  
p r e p a r a t i o n  for I n i t i a l  c l i n i c a l  t r i a l  i n  man. Th is  paper 
descr ibes  the a n a l y t i c a l  procedure t h a t  has been developed to  
q u a n t l t a t e  the  two diastereomers of  CGP19984D I n  plasma and 
u r i n e  and t h e  s t a t l s t l c a l  e v a l u a t i o n  o f  t h i s  procedure.  

J NTRODUCTION 

I n  the  development and v a l i d a t i o n  o f  a n a l y t i c a l  assays for  
new i n v e s t i g a t i o n a l  agents, severa l  compl l c a t i o n s  r o u t i n e l y  
a r i s e :  (1 )  when t h e  s e n s i t i v i t y  o f  t h e  a n a y t i c a l  assay spans a 

1000-fold range, a p roper  c o n s t r u c t i o n  o f  1 Inea r  standard curves 
for da ta  w i t h  nonhomogeneous var iance i s  requ i red ;  (2) est lmates  

of  unknown drug concen t ra t i ons  i n  b l o l o g i c a l  f l u i d s  must be 
computed a long w i t h  a good measure o f  the  u n c e r t a i n t y  o f  the  
es t imate ;  (3 )  bo th  the  a n a l y t i c a l  and c a l l  b r a t i o n  procedures for  

t h e  assay must be v a l i d a t e d ;  ( 4 )  s ince  t h e  s t a b i l i t y  o f  a new 
drug i n  seeded c o n t r o l  samples I s  unknown, such samples may n o t  
be u s e f u l  for q u a l i t y  c o n t r o l  purposes, and a l t e r n a t e  q u a l i t y  
c o n t r o l  procedures must be devised. Th is  paper descr ibes  a 

general  approach t o  the  s o l u t i o n  o f  these problems and t h e  
a p p l i c a t i o n  of  t h i s  approach to  the  c a l i b r a t i o n  and v a l i d a t i o n  

o f  an a n a l y t i c a l  assay for a new chemotherapeutlc agent,  
CGPl9984D. 

CGP19984D (F igu re  1) i s  a t h i a z o l l d l e n d l o n e  d e r l v a t l v e  
(phosphor ic ac id ,  monomethyl mono [3-rnethyl-2-1[5-methyl-3-(2- 
methyl-2-propenyl) thiazolidinylldinelhydrazonol-4-oxo-5-thiazo- 
l i d i n y l  l e s t e r .  compound w i  t h  2-amlnoethanol) t h a t  has been shown 

to  have a n t i  tumor a c t i v l  t y  a g a i n s t  hormone-independent tumors 

(Walker 256. Colon 26, R3230 AC mammary tumor, MTW-9B mammary 
tumor) and hormone-dependent .tumors (DMBA Induced r a t  mammary 
tumor, androgen-dependent R3327 p r o s t a t e  tumor) 11,21. S tud ies  
performed i n  t h e  androgen dependent Dunning 3327 r a t  p r o s t a t e  
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0 P-OHOH, NCH,CH,OH 

OCH, 

Figure 1 S t ruc tu re  o f  CGP19984D. The " * "  corresponds to  the  
p o s i t i o n  o f  14C i n  the labeled compound used f o r  
animal s tud ies.  

adenocarcinoma demonstrate t h a t  concomitant w i t h  tumor 
I n h i b i t i o n ,  a s i g n i f i c a n t  decrease i n  c i r c u l a t i n g  l u t e i n i z i n g  
hormone (LH) and testosterone i s  observed w i t h  no change i n  

serum p r o l a c t i n  or co r t i cos te rone  l e v e l s .  These data suggest 

t h a t  the a n t i  tumor e f f e c t s  o f  drug treatment r e s u l t e d  p r i m a r i l y  
f rom the i n h i b i t i o n  of  LH re lease and subsequent dec l i ne  i n  
testosterone synthesis C21. Mechanist ic s tud ies performed i n  

Sprague Dawley r a t s  suggest t h a t  CGP19984D i n h i b i t s  LH sec re t i on  
through a hypothalamic mechanism C31; however, i t  i s  no t  y e t  
c lea r  whether the  under ly ing l e s i o n  i s  i n  the  sec re t i on  o f  
l u t e i n i z i n g  hormone re leas ing  f a c t o r  (LHRH) or i n  i t s  
i n t e r a c t i o n  w i t h  receptors I n  the p i t u i t a r y  gland, or both.  
Fur ther  s tud ies i n  the estrogen-independent MTW-96 r a t  mammary 
tumor demonstrate t h a t  drug treatment reduces the growth of  the 
tumor, tumor progesterone receptors ,  and u t e r i n e  weight 121. 
The a b i l i t y  o f  CGP19984D t o  suppress gonadal f u n c t i o n  and to 
i n h i b i t  tumor growth imp l i es  t h a t  t h i s  drug may be use fu l  i n  the  
t reatment of  both hormone-dependent and hormone-indendent 
p ros ta te  and breast  carcinoma. 
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890 COWENS ET AL. 

In preparatlon for the lnitlal clinical trlal In man, 
CGP19984D has undergone extenslve toxlcologlcal and pharmaco- 
logical Investlgatlons. The purpose o f  this paper I s  t o  
describe an analytical procedure that has been developed t o  
quantltate the two dlastereomers of CGP19984D In plasma and 
urlne and the statistical evaluatlon of the rellablllty of the 
assay procedure. - 
CGPl99840 

CGP19984D was supplied by the Pharma Research Division of 
CIBA-GEIGY Ltd. (Basle, Swltzerland). 

Moblle Phase 
All aqueous solutlons were made wlth HPLC-grade water 

prepared wl th a M I  1 1  1-Q Water System (Mlll lpore Company. 
Bedford, MA). Tetrabutyl ammonium phosphate was purchased from 
Waters Chromatography Dlvlsion (Mllford, MA). Methanol (HPLC 
grade) was purchased from J.T. Baker (Philllpsburg, NJ). 

le PreDaratlon 
Stock solutions o f  CGP19984D in distilled water were 

prepared at a concentratlon of 5 mg/ml; the actual concentratlon 
was conflrmed by measurlng the uv absorbance of an aliquot of a 
solution at 287 nm. Standards of CGP19984D In plasma were 
prepared by addlng 20 p1 of the stock solution t o  980 p1 of 
plasma t o  form a solutlon of concentratlon 100 pg/ml; thls solu- 
tion was then serially diluted with plasma t o  obtain solutions 
of concentratlon 10, 1 ,  0.25 and 0.1 pg/ml. Standard solutlons 
of CGP19984D in urlne were prepared slmllarly, except that the 
lowest standard concentration was 0.5 pg/ml . 
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QUANTITATION OF CGP19984D 89 1 

F i v e  hundred p1 a l l q u o t s  o f  t h e  s tandard  s o l u t i o n s  were 

t r a n s f e r r e d  t o  50 m l  p l a s t i c  c o n i c a l  tubes (Corning, Wexford, 
PA) to  whlch 2 m l  o f  a c e t o n i t r i l e  (Bu rd i ck  and Jackson HPLC 
grade) were added. A f t e r  v o r t e x i n g ,  t h e  tubes were c e n t r i f u g e d  

for  30 minutes a t  2000 g a t  r o o m  temperature.  The supernatan ts  
were c a r e f u l l y  decanted i n t o  s c l n t i l l a t l o n  v i a l s  (VWR, 

Rochester, NY), evaporated under d r y  N2 for 60 minutes and 

l y o p h i l i z e d  for 2 hours.  F i v e  hundred p1 of mob i l e  phase was 
added t o  each v i a l ,  t h e  s o l u t i o n  was f i l t e r e d  th rough  a 0.23 p 

GS M i l l i p o r e  f i l t e r  ( M i l l i p o r e  Co., Bedford,  MA) and i n j e c t e d  

i n t o  t h e  HPLC system. 

A n a l y t i c a l  Procedure f o  r t h e  SeDa r a t i o n  of D ias te reomers  
The HPLC 1 nstrument was manufactured by Waters Chromato- 

graphy D i v l s i o n  ( M i l f o r d ,  MA) and cons is ted  o f  a model 710 WISP, 

a model 590 So lvent  d e l i v e r y  system and a model 481 V a r i a b l e  
wavelength U.V .  d e t e c t o r .  The chromatography da ta  system con- 

s i s t e d  o f  an HP9816 microcomputer i n t e r f a c e d  to  t h e  HPLC v i a  a 
Nelson A n a l y t i c a l  Model 962SB i n t e r f a c e  box and r u n n i n g  Nelson 

A n a l y t i c a l  Software (XTRACHROM, r e v i s i o n  7.02). The HPLC cond l -  

t i o n s  used were: column-IBM C18 (5p d - 4.6 mm x 50 mm); 
mob1 l e  phase-58% 0.005M Tetrabutylammonium phosphate i n  water:  
42% methanol; f low r a t e  1 ml/min;  i n j e c t i o n  volume 10 - 20 p l ;  

d e t e c t o r  wavelength: 287 nm and da ta  r a t e  - 2 po in ts /second.  

P '  

P r  ocedure fo r  Prepar ina  Pure Diastereomers 
The HPLC ins t rumen t  was manufactured by Waters Chromatography 

D i v i s i o n  and cons is ted  o f  a Model 590 So lvent  d e l i v e r y  system 

w i t h  extended flow heads, a PREP-PAK 500 r a d i a l  compression 
module c o n t a i n i n g  a 5.7 x 30 cm r a d i a l  compression c a r t r l d g e  
packed w l t h  VYDAC C18 (15-20 p ) ,  and a 441 UV absorbance 
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892 COWENS ET AL. 

detector. The chromatograph data system was the same as that 
described above. The HPLC conditions used were mobile phase - 
60% 0.005M ammonium formate in water: 40% methanol; flow 
rate - 45 ml/min; detector wavelength - 254 nm. Heart cuts of 
each eluting peak were collected and lyophilized. 

The lyophilized powders were then converted t o  the free base 
with 1N HCl; the free base was extracted sequentially with 
methylene ch1oride:propanol (3:l) and methylene chloride. The 
organic phases were comblned, dried with MgS04, filtered and 
evaporated t o  dryness with a stream of N2 during which the 
material crystallized. The white solid was further dried under 
vacuum; the resulting material showed a slngle peak in the 
analytical HPLC procedure at a retention time that corresponded 
t o  that of the expected diastereomer. 

Routine Construction of Standard Curves and Estimatlon o f  the 

Guidelines and mathematical formulas for the routine con- 
struction of standard curves, for the estimation of the concen- 
trations of CGP19984D in plasma and urine, and for the quantita- 
tion of the uncertainty in the estimation were adpated from 
Draper C41 and Sharaf C51. Standard concentrations of CGP19984D 
In plasma and urlne were prepared in duplicate and analyzed as 
described above. From the area measurements, three different 
standard curves are routinely constructed: one for each di- 
astereomer and one for the mixture. The standard concentration 
of isomer 1 is calculated as 44% of the mixture concentration, 
and the concentration of  isomer 2 is calculated as 56% of the 
mixture concentration. These calculations are justified in the 
Results section. 

Since both the sample concentration and peak areas range 
over several orders of magnitude (e.g., the isomer mixture in 
plasma, Figure 41, and since the standard deviation of peak 

centrat ion of CGPl998 4D in Plasma and U rlne 
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QUANTITATION OF CGP19984D 893 

areas fo r  each concen t ra t i on  was found t o  be r o u g h l y  p ropor -  

t i o n a l  to  i t s  mean, the  areas and t h e  concen t ra t i ons  for a l l  s i x  
s tandard  curves a re  l o g a r i t h m i c a l l y  t rans formed (base 10 log-  
a r i t h m )  when the  standard curves are  cons t ruc ted .  Since t h e  
peak area  should be p r o p o r t i o n a l  t o  sample c o n c e n t r a t i o n  [a rea  - 
(K) (concen t ra t l on ) ;  where K i s  a p r o p o r t i o n a l i t y  f a c t o r ] ,  t h e  
l o g a r i  thmlc t rans format ion  r e s u l t s  i n  an e a s i l y  I n t e r p r e t a b l e  

re1  a t  i ons h i  p: 

CloglO(area) - loglO(K) + loglo ( concen t ra t1on ) l  
The y - i n t e r c e p t  of the  transformed standard curve  i s  equal  to 

the  l o g a r i t h m  (base 10) of t h e  p r o p o r t i o n a l i t y  f a c t o r ,  and t h e  
s lope of the  t ransformed curve  should be equal t o  1 .  The 

s tandard  curve  i s  f i t t e d  w i t h  weighted l i n e a r  reg ress ion ;  t h e  
we igh ts  a re  the  same for each p a r t i c u l a r  t ype  o f  s tandard  curve  
from day to  day. The c a l c u l a t i o n  o f  a p p r o p r i a t e  we igh ts ,  which 
are  normal ized  to  sum to  t h e  number o f  da ta  p o i n t s ,  i s  a s i d e  

p roduc t  of t h e  assay v a l i d a t i o n  procedure and i s  exp la ined  i n  

t h e  Resu l t s  s e c t i o n .  
The drug concen t ra t i on  of unknown samples i s  c a l c u l a t e d  as:  

Xo = a n t i  loglOC(Y-bo)/bl 1 

where Xo i s  t h e  p o i n t  es t ima te  o f  the  drug  concen t ra t i on ,  Y i s  
t he  mean o f  t h e  loglo o f  the  measured peak areas fo r  
r e p l l c a t e s  o f  a sample, bo i s  t h e  y - i n t e r c e p t  o f  t h e  s tandard  
curve, and bl i s  t he  s lope o f  the  s tandard  curve .  The 95% 

f i d u c i a l  (con f idence)  l l m i t s  for  these es t imates  a r e  c a l c u l a t e d  
by t a k l n g  t h e  an t i log l0  o f  the  upper and l o n e r  conf idence 
l i m i t s  computed w i t h  equat ion  1.7.6 from Draper and Smith C41 as 
adapted for means o f  i n d i v i d u a l  obse rva t i ons  (page SO). A 

t y p i c a l  example o f  a s e t  of  conf idence envelopes for  i n d i v i d u a l  
obse rva t i ons  i n  s i n g l e t  i s  p rov ided  i n  F igu re  4 ( i somer  m i x t u r e  
i n  plasma). The approp r ia te  s t a t i s t i c s  for  use i n  Equat ion  
1.7.6 a re  taken from the  weighted l i n e a r  r e g r e s s i o n  o f  t h e  

standard curve. 
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COWENS ET AL. 894 

A computer program was w r l t t e n  I n  HP Basic t o  run on the  
HP9816 microcomputer t o  quant l  t a t e  the amount of  t o t a l  
CGP19984D, diastereomer 1, and diastereomer 2 I n  plasma and 
u r i n e  from animals t rea ted  w i t h  CGP19984D. The area counts f o r  
the standards and the unknowns, each of which i s  determined i n  
dup l i ca te ,  are entered i n t o  a formatted v ideo screen. The 
program uses the formulas descr ibed above for  the f i t t i n g  o f  t he  
standard curve, for  the es t ima t ion  of  unknown drug concentra- 
t i o n s  and f o r  t he  c a l c u l a t i o n  of t he  95% confidence l i m i t s .  
The p r i n t o u t  inc ludes summary tab les  and the graph (F igure 4) o f  
the standard curve. 

The e n t i r e  assay procedure, i n c l u d i n g  sample preparat ion.  
a n a l y t i c a l  procedures, standard curve cons t ruc t i on ,  the estima- 
t i o n  of unknown drug concentrat ions,  and the  use o f  the  computer 
program was r i g o r o u s l y  va l i da ted  as descr ibed i n  the Resul ts 
s e c t  ion.  - 

CGP19984D contains two assymetric centers;  the ma te r ia l  
suppl ied for development to  c l i n i c a l  t r i a l  cons is ted of  a 
mixture o f  the diastereomers. Since i t  I s  poss ib le  t h a t  the 
diastereomers may be metabolized a t  d i f f e r e n t  ra tes ,  i t  was the 
goal from the ou tse t  to develop a procedure t h a t  would a l l o w  
quant i  t a t i o n  of the dlastereomers independently. Figures 2 and 
3 show an HPLC t r a c i n g  of  standard samples o f  CGP19984D i n  
plasma and u r i n e  t h a t  have been ex t rac ted  and analyzed as 
described i n  the Ma te r ia l s  and Methods; t he  drug i s  separated 
from the other  components of  plasma and u r i n e  and the 
dlastereomers are resolved. I n  order  to  use the procedure to 
quant l  t a t e  the i n d i v i d u a l  dlastereomers, 1 t was necessary to 
demonstrate t h a t  they have the same e x t i n c t i o n  c o e f f i c i e n t s .  
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F igure 2 Chromatogram o f  plasma blank (a) and plasma spiked 
w i t h  CGP19984D ( 1  pg/ml) (b) .  

Therefore, the i n d i v i d u a l  dlastereomers were i s o l a t e d  by t h e  
procedure descr ibed i n  the Ma te r ia l s  and Methods and a UV 

spectrum was obta ined on a 20 mg/L s o l u t i o n  of  each i n  0.1 N 

NaOH. The spectra were superimposable w i t h  a Xmax of 285 nm; 
the E were  14,800 (M-’cm-’) ( f i r s t  d iastereomer) and 14,700 

(M-lcm-’) (second diastereomer). 
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-7 
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Figure 3 Chromatogram of  u r l n e  b lank (a )  and u r i n e  spiked 
w i t h  CGP19984D (1 pg/ml) (b ) .  

Val I da t  i o n  of the CGP1998 4D Assav f o r  Plasma '3- 
I n  order  t o  determlne the r e l l a b i l l t y  o f  the HPLC system, a 

sample of  CGP19984D i n  mobi le phase (10 pg/ml)  was prepared on 
three d i f f e r e n t  days and analyzed 10 times each day w i t h  the  
HPLC procedure. The r e l a t i v e  standard dev ia t i ons  (-100 X 

S.D./mean) f o r  t he  measured peak areas for the th ree  days were 
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QUANTITATION OF CGP19984D 897 

2.24, 1.4 and 1.5. Therefore, there is little variability in 
the instrumental procedure. 

In order to test the reliability of the entire procedure for 
quantitating CGP19984D in plasma, 5 standard concentrations of 
CGP19984D in plasma were prepared on 3 different days in 
triplicate from the freshly prepared stock solution and 
extracted. The lyophilized samples from each day were assigned 
random positlons in the autosampler and analyzed by the HPLC 
procedure described above. In Table 1 ,  the raw data are 

TABLE 1 

Calibration Standards for Mixture of Diastereomers In Plasma 

Concen t ra t i on 
(pg/ml) 0.1 0.25 1 .o 10.0 100 

Day 1 

Day 2 

Day 3 

Mean 
Standard 
Dev i at i on 
Re1 at i ve 
S.D., % 

2601a 
2843 
2384 

2535 
351 5 
2582 

3870 
2650 
2984 

2885 
497 

17.2vo 

7 340 
8298 
721 7 

6241 
7200 
81 84 

8732 
81 26 
7500 

7649 
758 

9.91% 

28,831 
29,272 
26,305 

26,357 
26,023 
32.150 

27,839 
26,966 
28,767 

28,057 
1,958 

6.98% 

283,964 
271,567 
276.71 0 

280,502 
290,554 
284,540 

262,034 
277,133 
268,566 

277,285 
8,841 

3.19% 

2,793,174 
2,854,346 
2,798,204 

2,745,850 
2,703,568 
2,779,841 

2,667,801 
3,268,148 
2,844,877 

2.828.42 1 
175,721 

6.21% 

aEntries in the upper part o f  the table are measured peak 
areas. 
the table. 

Summary statistics are included in the lower part of 
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898 COWENS ET AL. 

arranged according to  the sample concentrat ion and day f o r  the 

mixture of diastereomers. Summary s t a t i s t i c s  for the  peak areas 
o f  each standard concentrat ion are l i s t e d  on the lower p a r t  o f  

the tab le:  mean, standard dev ia t i on ,  and r e l a t i v e  standard 

dev iat ions.  
For the  data i n  Table 1, a one way ana lys i s  o f  var iance 

(ANOVA) o f  l o g  (AREA) by DAY was then performed for  each 

concentrat ion and the r e s u l t i n g  e r r o r  mean squares were used as 
measures o f  the var iance of  the data a t  each concentrat ion.  
Weights for each data p o l n t ,  which are to  be inc luded i n  f u t u r e  

r o u t i n e  use o f  the assay as descr ibed i n  the Experimental 
sect ion,  were estimated by c a l c u l a t i n g  the r e c i p r o c a l  of  each 
var iance est imate.  A weighted l i n e a r  regress ion was performed 

o f  Log (AREA) versus Log (CONCENTRATION) and DAY for a l l  45 data 
po in ts .  A p l o t  o f  the weighted res idua ls  was v i s u a l l y  examined 

and the  weights were adjusted e m p i r i c a l l y  t o  r e s u l t  i n  a un i form 
var iance of  the weighted res idua ls  across a1 1 concentrat ions.  A 
weighted regress ion was rerun t o  check the e f f e c t s  of  the new 
welghts. F i n a l l y ,  the weights were normalized such t h a t  the sum 
o f  the weights equaled the number o f  data p o i n t s .  For the 5 
standard concentrat ions,  from smal lest  to  l a r g e s t ,  the f i n a l  

weights were 0.385, 0.769, 1.28, 1.28, 1.28 fo r  isomer 1; 0.328, 
0.574, 0.820, 1.64, 1.64 f o r  isomer 2; and 0.328, 0.656, 0.938, 
1.56. 1.56 f o r  the mixture.  

The r e l a t i o n s h i p  o f  l o g  (AREA) t o  l o g  (CONCENTRATION) was 

tes ted  f o r  curvature by regress ing l o g  (AREA) vs. l o g  (CONCEN- 

TRATION), log2 (CONCENTRATION), and Day f o r  a l l  45 data 
po in ts .  By a p a r t l a l  F - t e s t  C41 w i t h  a type I e r r o r  r a t e  of  
0.05, i t  was determined t h a t  t he  log2 (CONCENTRATION) term was 
not  a s i g n i f i c a n t  explanatory v a r i a b l e .  Thus, there i s  no 

evidence to suggest curvature i n  the standard curve and one can 

conclude t h a t :  

i s  an appropr ia te model f o r ~ t h i s  data. 
l o g  (AREA) = bo + b, l o g  (CONCENTRATION) 
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QUANTITATION OF CGP19984D 899 

The data from Table 1 was also used t o  determine how well 
the assay procedure was able t o  predict the known standard con- 
centration of subsets of the data. For each day, the data from 
Table 1 was divided Into 3 groups: the first line of entries 
(one measured peak area for each standard concentration), was 
designated as group 1 ,  the second line was designed as group 2 
and the third line as group 3. For each day separately, the 
data from groups 1 and 2 (10 points), 2 and 3, and 1 and 3 were 
used t o  construct standard curves (9 total curves) (Figure 4). 
For each of these curves, the 5 data points not used in its 
construction were used t o  simulate unknown samples t o  compare 
the computed (back-calculated) vs. known standard concentrations 
(Table 2). There Is good agreement between the actual and pre- 
dicted concentrations; only 4 of 45 samples (8.8990) had 95% 
confidence limits that did not include the true concentra- 
tion. The confidence limits tended t o  be quite narrow. For 
example, the 95% 1 lmi ts for the back-calculated concentrations 
in the first row of Table 2 were respectively: 0.0764 to  0.1097, 
0.2182 to  0.3076, 0.8679 to  1.20, 8.64 to 11.9 and 84.7 t o  119. 
It should be noted that in order t o  construct Table 2, each data 
point in Table 1 is used 3 times, twice for a standard curve, 
and once as an unknown sample. Therefore, the 45 back-calculated 
concentrations in Table 2 are not truly Independent; the 
analyses described in the next paragraph should be regarded as 
only approximate and emplrical. but adequate for describing the 
accuracy and precision of the assay. 

For each of the five standard concentrations, a oneway ANOVA 
was performed of back-calculated concentrations by day; since P 
was greater than 0.05, there was no significant effect of day. 
Table 2 includes summary statistics of the back-calculated con- 
centrations for each of the standard concentrations: mean, bias 
(mean - true standard concentration), 96 bias (bias X 100/true 
standard concentration), standard deviatlon and relative 
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Figure 4 Typical  standard curve f o r  CGP19984D i n  plasma. The 
best f i t  l i n e  and confidence envelopes for  the 
standard curves for the m ix tu re  of  isomers was 
determined as descr ibed i n  the  t e x t .  The 95% 
confidence envelopes were const ructed for the  case 
o f  an unknown sample i n  s i n g l e t .  Data inc ludes 5 
standard concentrat ions i n  dup l i ca te .  

standard dev ia t i on .  The 95% confidence i n t e r v a l s  f o r  t he  mean 
back-calculated concentrat ions encompass the t r u e  standard con- 
c e n t r a t i o n  f o r  a l l  f i v e  standards. Although the magnitude of  
the b ias  tends to  Increase f rom 0.1 t o  100 pg/ml, there I s  no 
obvious p a t t e r n  to the % b ias .  The standard dev ia t i ons  for 
the back-calculated concentrat ions tend to  increase w i t h  
increas ing standard concentrat ion.  The r e l a t i v e  standard 
d e v i a t i o n  i s  h ighest  for the 0.1 pg/ml standard b u t  follows no 
obvious p a t t e r n  from 0.25 t o  100 pg/ml. 
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TABLE 2 

Back-Cal c u l a t e d  Concent ra t ions  o f  Standards for M i x t u r e  
o f  Diastereomers i n  Plasma 

Standard Concent ra t ions  (pg /ml )  
0.1 0.25 1 .o 10.0 100.0 

Day 1 

Day 2 

Day 3 

Mean 
B ias  
% Bias  
Standard 

R e l a t i v e  
Devi a t  i on 

S.D., % 

0.091 7a 
0.1036 
0.0807 

0.0828 
0.1244 
0.0940 

0.1365 
0.0843 
0.0985 

0.0996 

0.4Wo 
0.0192 

-0.0004 

19.3% 

0.2594 
0.3013 
0.2466 

0.2068 
0.2551 
0.2977 

0.3067 
0.2658 
0.2501 

0.2655 
0.0155 
6. ~ W O  
0.0320 

12.1% 

1.022 
1.058 
0.9081 

0.8926 
0.9239 
1.168 

0.9723 
0.9090 
0.9742 

0.9809 
-0.0191 
-1 .91% 
0.0896 

9.13% 

0.13 
9.739 
9.732 

9.847 
10.36 
10.33 

9.053 
9.906 
9.329 

9.825 
0.175 

-1.75% 
0.433 

4.41% 

100.2 
101.5 
100.2 

99.79 
96.70 

100.8 

91.14 
124.3 
101.5 

101.8 
1.80 
1 .~WO 
9.06 

8.9Wo 

a E n t r i e s  i n  t h e  upper p a r t  o f  t h e  t a b l e  a r e  back -ca l cu la ted  
concen t ra t i ons  i n  u n i t s  o f  pg /ml .  Summary s t a t i s t i c s  a r e  
i nc luded  i n  the  lower p a r t  of  t h e  t a b l e .  

Rout1 ne Oua lltY C o n t r o l  
From t h e  v a l i d a t i o n  da ta  and a n a l y s i s ,  f o u r  q u a l i t y  c o n t r o l  

c h a r t s  were s t a r t e d ,  one each for t h e  s lope,  y - i n t e r c e p t ,  e r r o r  

mean square and g (where g i s  an a d d i t i o n a l  p r e c i s l o n  s t a t i s t i c ,  
d e f i n e d  i n  C41. t h a t  w i l l  tend  to  be l a r g e ,  i n d i c a t i n g  poor 
p r e c i s i o n ,  when t h e  magnitude of  t h e  s lope i s  smal l  and/or  i f  

t h e  s lope i s  p o o r l y  determined).  For t h e  s lope and y - i n t e r c e p t ,  
X c o n t r o l  c h a r t s  were s t a r t e d  161, where each s lope and y - i n t e r -  
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cept is individually recorded. For the error mean square and g, 
S control charts C61 were started. Means and standard 
deviations of these four statistics to be used in the quality 
control charts will be updated with new data from each day's 
routine run. Extreme values of either the slope or intercept 
( > 3  standard deviations from the mean) or drifts over time in 
any of the 4 quality control charts will suggest that the 
analytical procedure be examined. 

Val idat ion of the CGP19984D Assay fo r Urine Unknown Samples 
Four standard concentrations of the mixture of diastereomers 

in urlne were prepared on three different days in triplicate 
from freshly prepared stock solutions, extracted, and analyzed 
as described for plasma. In Table 3, the raw data are arranged 
according t o  sample concentration and day. This data was 
analyzed as discussed above for the plasma standards. Back- 
calculated values for the standards are presented in Table 4; 
only 2 of 36 samples (5.56%) had 95% confidence limits that 
did not include the true concentration. 

Analyses were performed with the back-calculated concentra- 
tions for urine samples in Table 4 in the same way as that 
described for plasma samples in Table 2. Results were similar. 
There were no significant biases, and there was not a slgnifl- 
cant effect of day on the back-calculated concentrations. 
m t i t a t l o n  of Indlvidual Diasteremers in P l a m a  and U rine 

Since analytical standards for the individual diastereomers 
are not available for the construction of standard curves, it 
was necessary t o  estimate the amount of each diastereomer in the 
standards by multiplying the total CGP19984D by the percent for 
each diastereomer. In order for this approach t o  give satis- 
factory results, the extinction coefficients for the two 
diastereomers must be the same and the ratio of the two 
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QUANTITATION OF CGP19984D 903 

TABLE 3 

Calibration Standards for Mixture of Diastereomers in Urine 

Con cen t r a t i on 
(pg/ml) 0.5 1 10 100 

Day 1 

Day 2 

Day 3 

Mean 
Standard 

Re1 at i ve 
Dev i ati on 

S . D . ,  % 

11831a 
10331 
12207 

13305 
12807 
14633 

14731 
13370 
13365 

12953 
1377 

10.63% 

231 95 
2441 5 
25646 

25208 
22461 
26297 

28005 
261 22 
28405 

25528 
1986 

7.78% 

277520 
25581 3 
284020 

281 939 
274706 
331 561 

302889 
291114 
294998 

288284 
21072 

7.31% 

2943356 
2534402 
2947701 

2923691 
271 7555 
272051 6 

2900503 
2163472 
2782705 

2803763 
138261 

4.93% 

aEntries in the upper part of the table are measured peak 
areas. 

diastereomers as determined by the HPLC procedure must not vary 
with concentration. Five standard concentrations (0.1 - 100 
pg/rnl) of the dlastereomer mixture were prepared in 
quintuplicate from a freshly prepared stock solution by the 
procedure described above, and the individual concentrations of 
the two diastereomers were determined by the HPLC technique. 
The ratio (11%) of the concentration (by HPLC) o f  diastereomer 
1 divided by the sum of the concentration (by HPLC) of 

diastereomer 1 + diastereciner 2 was calculated. The ratio, 
11%, was used as a dependent variable with the base 10 
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TABLE 4 

Back-Calculated Concentrations of Standards for Mixture 
of Diastereomers in Urine 

0.5 1 10 100 

Day 1 

Day 2 

Day 3 

Mean 
Bias 
% Bias 
Standard 

Re 1 at i ve 
Dev i at i on 

S.D., % 

.4956a 

.4317 
,5295 

.5086 

.4726 

.5889 

.5385 

.4701 

.4815 

0.5019 
0.0019 
0.38% 
0.0461 

9.1wo 

f9534 
.9866 

1.084 

.9550 

.8229 
1.042 

1.019 

1.018 
.9167 

0.9775 
-0.0225 
-2.25% 
0.0772 

10.64 

11.05 
9.433 

10.32 

12.30 
9.744 

10.85 
10.14 
10.40 

10.54 
0.54 
5.40% 
0.833 

105.6 

105.7 
85.47 

103.6 
93.58 
95.57 

102.4 
95.62 
96.59 

98.24 
-1.76 
-1.76% 
6.68 

6.8Wo 

aEntries in the upper part of the table are back-calculated 
concentratlons fn units of pg/ml. 

logari thm of the standard concentration of  the diastereomer 
mixture as the independent variable for unweighted, simple 
linear regression (the variance of 11% was uniform across the 
range o f  standard concentrations of the mixture. 0.1 - 100 
pg/ml). The y-intercept was 0.444 f 0.0026 (S.E.) and the slope 
was 0.00228 + 0.0023. Since the 95% confidence interval for 
the slope encompassed zero, there is no evidence to suggest that 
the proportion of either lsomer is dependent upon the standard 
concentration of the mixture of dlastereomers. Also, the 
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QUANTITATION OF CGP19984D 905 

percen t  of diastereomer 1 i n  t h e  m i x t u r e  was concluded t o  be 

44%. and t h a t  for diastereomer 2 t o  be 56% f o r  bo th  plasma 
and u r i n e  samples. For bo th  i n d i v i d u a l  d las te reomers ,  analyses 

were c a r r i e d  o u t  on back-ca lcu la ted  s tandard  concen t ra t i ons  i n  
t h e  same way as t h a t  descr ibed for plasma and u r i n e  samples o f  
t h e  m i x t u r e  of  isomers i n  Tables 2 and 4. Resu l t s  were 

s i m i l a r .  There was o n l y  one case of  a s i g n i f i c a n t  b ias ,  and for  
t h e  same case a s i g n i f i c a n t  e f f e c t  of  day on t h e  back -ca l cu la ted  
Concent ra t ions  was found. The s p e c i f i c  case was for  isomer 1, 
4.4 pg/ml.  i n  plasma. However, s ince  27 t o t a l  I n d i v i d u a l  b i a s  

(and ANOVA) t e s t s  were made w i t h  a type  I e r r o r  r a t e  of  0.05 for  
the  2 isomers and t h e  m i x t u r e  i n  plasma and u r i n e ,  1/27 or about 
4% o f  b iased cases I s  c o n s i s t e n t  w i t h  an o v e r a l l  unbiased 

assay. 

m l e  o f t h e  Use o f  t h e  CG P19984D Assay: Pha rmacok ine t i cs  o f 
CGP19984D In t he  eM (500 W k a  1 . .  v ) 

A beagle dog was g i v e n  a dose o f  CGP19984D (500 mg/kg) 

i n t r a v e n o u s l y  over  2 minutes.  Blood samples were drawn i n t o  
hepar in i zed  sy r inges  a t  t imed i n t e r v a l s  a f t e r  d rug  admin i s t ra -  
t i o n .  t h e  RBC were removed by c e n t r i f u g a t i o n ,  and t h e  plasma was 

f r o z e n  for l a t e r  ana lys i s ;  u r i n e  samples were c o l l e c t e d  v i a  a 
c a t h e t e r  for  24 hours and f r o z e n  for a n a l y s i s .  Pre t rea tment  

plasma and u r i n e  from t h e  same animal were used t o  c o n s t r u c t  
s tandard  curves; t h e  a n a l y t i c a l  procedure desc r ibed  above was 
used to  q u a n t i t a t e  the  concen t ra t i on  o f  t o t a l  drug, 
dlastereomers 1 and 2 i n  plasma and u r i n e .  The plasma d a t a  

(F igu re  5 )  for  a l l  3 species of  pa ren t  d rug  were f i t  
i n d i v i d u a l l y  by a b iexponen t ia l  model w i t h  n o n l i n e a r  r e g r e s s i o n  
w i t h  t h e  PC NONLIN 171 sof tware  package runn ing  on an IBM PC/AT 

microcomputer. The es t imated a lpha and be ta  phase h a l f  l i v e s  
( i n  minutes * S . E . )  for diastereomer 1 ,  d ias te reomer  2, and t h e  
m i x t u r e  were r e s p e c t i v e l y :  24.2 * 4.4, 61.1 12; 24.1 5.2, 
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Flgure 5 Concentratlon of CGP19984D In the plasma of  a beagle 
dog af te r  an 1 . v .  dose o f  500 mglkg of CGP19984D. 
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QUANTITATION OF CGP19984D 901 

60.1 i 13; and 24.4 f 5.0; 60.2 f 13. Because the  h a l f  l i v e s  
for the  two isomers were found to  be the  same and because the  
percent o f  isomer 1 and isomer 2 remained constant  a t  about 
44% and 56%, r e s p e c t i v e l y  f rom 5 t o  480 minutes a f t e r  drug 

admin i s t ra t i on ,  i t  i s  concluded t h a t  t he  two isomers are c lea red  

from plasma a t  the same r a t e .  For ty- three percent  of  the  dose 
was e l im ina ted  i n  the u r i n e  as unchanged drug. Fur ther  s tud ies  

w i t h  14C-labeled CGP19984D w i l l  q u a n t i t a t e  the f r a c t i o n  of  t h e  

c learance due to  metabolism. 

CGP19984D has been developed t o  c l i n i c a l  t r i a l  I n  man s ince 
i t  represents a new chemical c lass  o f  ant i tumor agents, has 

ant i tumor a c t i v i t y  against  two types of  s o l l d  tumors t h a t  are 
impor tant  i n  man, and has both d i r e c t  c y t o t o x i c  and hormone- 
modulatory e f f e c t s  i n  experimental systems. The goal o f  t h i s  
study was to  develop a method to  q u a n t i t a t e  CGP19984D i n  b io -  

l o g i c a l  f l u i d s  t h a t  would form the  basts for a d e t a i l e d  pharma- 

c o l o g i c a l  study i n  the r a t  and dog. The s t r u c t u r e  of  CGP19984D 

conta ins two assymetr ic centers,  one i n  each h e t e r o c y c l i c  r i n g ,  
so t h a t  t he  compound e x i s t s  as two sets  of  enant lomeric species 
t h a t  form a p a i r  of  diastereomers. Since diastereomers d i f f e r  
i n  t h e i r  chemical p roper t i es ,  they can be separated on 
s t a t i o n a r y  phases t h a t  do n o t  con ta ln  o p t i c a l l y  a c t i v e  l i gands .  
Since t h i s  compound i s  a s t rong acid,  a separat lon us lng i o n  
p a i r i n g  w i t h  the tetrabutylammonium c a t i o n  was developed on a 
C18 column; our r e s u l t s  demonstrate t h a t  t h i s  technique resolves 
the drug from the o the r  components of plasma and u r i n e  and 

separates the two sets o f  dlastereomers f rom one another.  
The goal i n  developing a new ant i tumor agent i s  to  demon- 

s t r a t e  t h a t  the drug 1s o f  therapeut ic  b e n e f l t  t o  p a t i e n t s  when 
administered as a s i n g l e  agent or i n  combination chemotherapy, 
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so t h a t  a New Drug App l i ca t i on  (NDA) can be f i l e d  w i t h  the Food 

and Drug Admin i s t ra t i on  (FDA) f o r  the i n t r o d u c t i o n  of  the  drug 
i n t o  standard medical p r a c t i c e .  Therefore, the pharmacological 

studies performed i n  animals and i n  p a t i e n t s  dur ing phase I ,  11, 

I11 t r i a l s  should be c a r r i e d  o u t  i n  such a way t h a t  the data 

obtained i s  acceptable to  the FDA i n  support of  an NDA. A basic 
concern o f  the FDA i s  the p r e c i s i o n  and accuracy o f  the methods 

used to  q u a n t i t a t e  the drug i n  b i o l o g i c a l  f l u i d s .  Since no 
p a r t i c u l a r  approach to  t h i s  problem i s  mandated by the FDA, a 
secondary goal o f  t h i s  paper was t o  o u t l i n e  a s t a t i s t i c a l  
approach t o  the eva lua t i on  o f  the p r e c i s i o n  and accuracy of the 

assay for CGP19984D t h a t  may serve as a p 

t i o n  o f  o the r  a n a l y t i c a l  assays. 
The approach to  ensure good p r e c i s i o n  

(a) the design of the standard curve 
against  p o t e n t i a l  biases and l a r g e  va r iab  
o f  drug concentrat ions i n  t e s t  samples; 

radigm for  the evalua- 

and accuracy includes: 
methodology t o  guard 
l i t y  i n  the  p r e d i c t i o n  
(b)  the p r o v i s i o n  of  

d iagnost ic  measures of  p r e c i s i o n  for a r o u t i n e  run of  the assay; 

( c )  a formal short- term s t a t i s t i c a l  v a l i d a t i o n  o f  the complete 
assay; and (d)  a long-term continuous assessment of  the assay 
w i t h  q u a l i t y  con t ro l  procedures. 

The general need f o r  standard curves t o  span many orders o f  

magnitude has been generated by the combination of  a need to  
study unknown samples spanning a wide range of  concentrat ion,  
and the a v a i l a b i l i t y  of  s e n s i t i v e  a n a l y t i c a l  inst rumentat ion.  
The methodology used i n  t h i s  paper, which inc ludes l oga r i t hm ic  
t ransformat ions of the data and emp i r i ca l  weight ing f a c t o r s ,  

seeks to  improve upon the p r a c t i c e  of r o u t i n e l y  cons t ruc t i ng  two 
standard curves (one f o r  the low concentrat ion range and one f o r  
the h igh  range) for  one s e t  o f  unknowns and to  e l i m i n a t e  poten- 

t i a l  biases and unaccept ib le  v a r i a b l l i t y .  There was no evidence 
found to  suggest t h a t  the standard curve for CGP19984 does no t  
follow a s t r a i g h t  l i n e  over a thousand-fold range of  
concen t r a t  i on. 
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QUANTITATION OF CGP19984D 909 

Rout ine  c o n s t r u c t i o n  of a standard curve and a n a l y s i s  o f  a 

s e t  of  unknown samples i n c l u d e  severa l  r e l a t e d  d l a g n o s t i c  

measures of  p r e c i s i o n :  t h e  mean square e r r o r ,  t h e  s t a t i s t i c  g, 
t he  95% conf idence envelope sur round ing  t h e  graph of  t h e  

standard curve, and t h e  95% conf idence l i m i t s  around t h e  

es t ima te  of unknown sample concen t ra t i ons .  I f  poor p r e c i s i o n  i s  
de tec ted  i n  the  a n a l y s i s  of  a s e t  of  unknowns, t h e  a n a l y t i c a l  
procedure can be examined fo r  e r r o r s  and t h e  samples can be 

re-analyzed. 
The r o u t i n e  method f o r  e s t i m a t i n g  CGP19984D i n  plasma and 

u r i n e  was v a l i d a t e d  for each diastereomer i n d i v i d u a l l y  and for 

t h e  m ix tu re .  The accuracy o f  the  method was t e s t e d  by back- 

c a l c u l a t i n g  the  concen t ra t i on  o f  t h e  standards (Tab les  2.4). 
There were no impor tan t  b iases  or p a t t e r n s  t o  t h e  b iases  seen 
over  t h e  range o f  standard concen t ra t i ons .  P r e c i s i o n  was 

examined by comparing t h e  v a r i a b i l i t y  i n  back-ca lcu la ted  concen- 
t r a t i o n s  between days t o  t h e  v a r i a b i l i t y  w i t h i n  days. There was 

no evidence t o  suggest t h a t  day-to-day v a r i a b i l i t y  was l a r g e  or 
impor tan t .  Except for t h e  0.1 pg/ml plasma s tandard  for t h e  
m i x t u r e  (and i n d i v i d u a l  isomers),  t h e  r e l a t i v e  s tandard  dev ia -  

t i o n s  for the  back-ca lcu la ted  concen t ra t i ons  were always l e s s  
than 13%. 

Four q u a l i t y  c o n t r o l  c h a r t s  have been s t a r t e d  for t h e  
m o n i t o r i n g  of  t h e  assay on a r o u t i n e  b a s i s .  The f o u r  recorded 

s t a t i s t i c s  a re  t h e  s lope and y - i n t e r c e p t  o f  t h e  s tandard  curve ,  
t he  mean square e r r o r ,  and g. I t  i s  n o t ,  however, a common no r  
w e l l  e s t a b l i s h e d  p r a c t i c e  t o  mon i to r  these f o u r  s t a t i s t i c s .  
Therefore,  t he  f o u r  q u a l i t y  c o n t r o l  c h a r t s  w i l l  be used on an 
e m p i r i c a l  bas i s  t o  a l e r t  t he  a n a l y s t  to  changes i n  t h e  assay and 
to  e s t a b l i s h  c r i t e r i a  for  t h e  a c c e p t a b i l i t y  o f  an a n a l y s i s  o f  a 
s e t  of unknowns. As  exper ience accumulates w i t h  these d iag-  
n o s t i c  s t a t i s t i c s ,  more r i g o r o u s  g u i d e l i n e s  fo r  t h e i r  use w i l l  
be es tab l i shed .  
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A more standard approach t o  the construction of quality 
control charts is t o  make a large batch of seeded control 
samples and t o  assay a set of these with each routine standard 
curve; means and standard deviations are calculated for the 
estimated concentrations of seeded controls, and are plotted on 
tradltional X and S quality control charts C91. The difficul- 
ties with this practice, especially for investigational agents, 
Is that seeded control samples may not be stable over time, and 
that even If seeded control samples would be stable it would 
require a prohlbitlve amount of time t o  confirm the stability. 
Thus, the Investigation of the above 4 statistics for use in 
quality control may have general applicability for Investi- 
gational compounds. 

The pharmacokinetic results for a dog treated with 500 mg/kg 
1.v. of CGP19984D are presented as an illustration of the 
application of the method. The results of this experiment 
demonstrate that the disposition of CGP19984D from the plasma in 
this dog Is adequately fit by a biexponentlal model, that the 
pair of dlastereomers are cleared from the plasma at the same 
rate, and that 43% of the dose is eliminated In the urine as 
unchanged drug. The method is being used in an extensive study 
of the pharmacology of CGP19984D administered by the 1 .v. route 
t o  experimental animals (rat and dog) and t o  patients entered 
into a Phase I trial. 
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