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An Empinical Validation Study for Calibration Verification in TDM Test

Sang-Wu Chang’, Nam-Yong Kim', Ho-Sung Choi’, Yong-Won Park’,
Gyung-Bok Chu®, Keun-Young Yun’, and Byung-Ok Park®

Technical Information & QA Division, Management Division®
Department of Clinical Chemistry®
Green Cross Reference Laboratories, Yongin 449-913, Korea

The purpose of this study was to verify (i) a consistent calibration verification for the assessment of
method linearity and (ii) calibration agreement with calibration settings. We validated calibration verification
through method linearity with different lot number of individual calibrators that span the working range for
9 tests except salicylate with control sample in test. We evaluated that it covered broad analyte range to
assay from near zero to the top of the measuring range with 5 or 6 points every three times for 10 analytes
in TDM test. Target values were plotted on X-axis with assigned or observed values on the Y-axis. Working
range were as follows. Calibration verification of the measuring range (maximum to minimum values) has
been validated asetaminophen 0.1 to 304.6 ng/mL, salicylate 0 to 1005 pg/mL, valproic acid 3.2 to 154.19 u
g/mL, digoxin 0.17 to 5.65 ng/mL, vancomycine 1.3 to 80.51 ng/mL, carbarmazepine 0.1 to 22.3 pug/mL,
phenytonin 0.6 to 40.21 pg/mL, theophyline 0.2 to 40.21 pg/mL, primidone 0 to 24.07 png/mL, phenobarbital
0.6 to 60.0 ug/mL. Drawing a straight line through five or six points of these data showed good linearity. We
are sure that it is important to assess the calibration verification of a test method to ascertain the lowest and
highest test results that are reliable.

Key Words : Calibration verification, Linearity experiment, Working range

I. M = ot ArTA SRS BAA EAE Hrter]
sl AREEl= Tolth MSAY H3FE A AlxE]
S A5 B4 (measurement system analysis: MSA) o] Z2H o] EAo] AA4x], XHo] = A} 2

&3] Wolg ATt BAHOR BFse Aol

o (2 4, 2004).

WAAAL ¢ A, () 449913 A= 1A AT HAE
314, AR BT XY B QA - N

Tel : 031-260-9600 (206) Fax : 02-571-6995 7h, A, Fax), Az
E-mail : johnmadams@hanmail.net



5

u] 9] 38} 815}5] (AACC) 2] 7] %14 (calibration) ] 2
“2AE BA 43219} 2ukgAlolo] Uz AL
Agsls A 2EH el Axel 2FHL wach(F =
2003)"2kaL gofetar vt EFF HFH
TR BAR ) LAshe A LF
Atole] A#AdS wr|E Aez AAE
(CAP, 2001), Z% 50|14 74/\]-7%4.9]. =0
EV iy 7<ﬂ s 0}7]

M
1 T
4 o
B

oo to

W

< ;’1;

r—[o
of

o o
ir)
o —
o

;L
rSL
Mo ®
1%
N
=
o ol

> >

R

o 1T O g

L ¢

I,

Eﬂ
~

fo
o g
B XN, Sh o o no

i)

D)
N mlm
1
ro,
of
_|_,
=)
of
o
s
ri
2
)
2
1o
OPH
e

Xg%]-—‘;— 740]1:} 743&3;_% He
EgE A QFsE), 558, WYE, RIA
2 £ Astr] At At
g AFH ol &S A F8&o] 7}
AF3st7] st A 67]Lrirt
| HrhE]oj Aok 3t AlF lote] wA|, A
2] Iotﬂ WA 8 HARSA A 2Hlol| A e
T AH7tEoj Aok gt} (Miller, 2003).

s
il
L % o do ol o oZ

>
S
1%
N
=.
al
>
>
>
W
o
lo
sy
ol
T
ol
0,
[-'O
to rr ro ox T ol

ojf
bl
%t
ok

2

1‘
ol
>
>
>,
rlo
Lo,

>

ey
>~

} ZEE

g o o

FAFl A Roche diagnostics corporation®i] A
AFshs HFEZE AE3E TDMY A& calibrators
o] Zoldk tE lotHsE tlid o= COBAS INTEGRA
800 system (Roche diagnostics corporation, indianapolis,
USA)L.2 7S A3istnth

FEAALe] e AFBAY TAL 24 PAEErIY
5789 A, B, C, D, E, FE 7439t A= 1 x 3.5 ml,
B-F= 5 x 1.5 mZ 335 salicylate calibrators$} acet-

aminophen calibrators= A9} BE AT
late calibratorsE A| &3t YA AALES 25 2
AAA 9 04 227 A1 AR AT
2424499 AFo] Folat ol otk

2. Y

1) A3AE

AN R AFEZY lot number (F/F)7F A= &2
AL o2 31%.2H, Roche diagnostics corporation2]
3.5 ml x 12+ COBAS-FP phenytoin calibrators (64966901
/65265901), theophyline calibrators (65064801/6526601),
salicylate calibrators (2191/2593), carbamazepine calibrators
(64762901/64762901), primidone calibrators (62893001/
64967601), phenobarbital calibrators (61216801/ 64964801),
valproic acid calibrators (63106401/65261601), vancomycin
calibarators (63191301/64969001), acetaminophen calibra-
tors (0713/1973), digoxin calibrators (64881701/ 65064101)
£ Agsian.

2) #YA B9} AFEA

#E]A]E=  acetaminophen, salicylate, phenytoin,
carbamazepine, phenobarbital, primidone, theophylline,

vancomycine, valproic acid 7A= COBAS-FP TDM
multianalyte control-S A}8-3t1 0™ 1 3-89 Wl &
ol& ol & 43S A8t HE=2-& COBAS-FP
calibratorsE AM2-5}%31, digitoxin AAR= Roche TDM
online digitoxin controlS AF&3FAtE 107149 X84
FEHAL FEo] AFA Y (DOE)l <Jste] 11EH &

Al 5889 Uol Be] B sk AAE A
LEE
3) 238

A} kite} ¥4 7]= COBAS INTEGRA 800 S A&}
At =4Ye)= primidone, theophylline, vancomycine,
valproic acid, acetaminophen, salicylate ZAA}= enzymatic
methodS- AF8-3}%33, phenytoin, carbamazepine, pheno-
barbital ZAAR=
93, digitoxin 7AAF= kinetric interaction of micro-
particles in solution (KIMS) ZHAFHS ARSI Y.
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fluorescence polarization HAPHS AH&-&}
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R

A ZA M9 o] Aatx|e} Ao FUs 100% L=
9] Jgkx]+= carbamazepine

22.3 ng/mL, digoxin 5.65 ng/mL, vancomycin 80.51ug/mL,
valproic acid 154.19 ng/mL, phenytoin 40.21 pg/mL,

Table 1. Analysis of upper limit and lower limit of AMR

phenobarbital ~ 60 pg/mL, 40.21 pg/mL,
salicylate 1,005 pg/mL, acetaminophen  304.6 pg/mL,

primidone 24.07 pg/mLS.2 ERET) (Table 1).

theophyline

4%
o
1

2. Z|aEH Helo| stekx| 24

AF=de AT Ha54 W9l sA= carba-
mazepine 0.12 pg/mL, digoxin 0.17 ng/mL, vancomycine
1.39 ug/mL, valproic acid 3.15 pg/mL, phenytoin 0.6 pg/
mL, phenobarbital 0.6 ug/mL, theophyline 0.16 pg/mL,
salicylate 2.6 ug/mL, acetaminophen 0.7 ug/mL, primidone
0.03 ug/mL o= el T (Table 1).

AZEA 57 UAE= 64 XA =4
9} 100 % (0 %/100 %) & Al&3le] EH X ilﬁra A2
o] zpo]E B3+ A= carbamazepine 0.1/2.2ug/mL,
digoxin 0.17/0.27 ng/mL, vancomycine 1.3/0.13 png/mL,

Concentration Test items
Target values CARB DIG VANC VALP PHNY PHNO THEO SALI ACETA PRIM
100 %-1 222 5.0 80.4 153.3 394 60 39.1 987.7 300 24
100 %-2 22.3 5.43 80 151.6 39.2 60 38.5 990.6 297.5 24
100 %-3 22.2 5.38 80 153.1 40.0 60 40 1000 292.2 236
Mean 222 5.27 80.13 152.67 39.53 60 39.40 992.8 296.6 23.87
S 0.05 0.19 0.19 0.76 0.34 0 0.62 6.43 3.98 0.189
ULO AMR 22.3 5.65 80.51 154.19 40.21 60 40.44 1005. 304.6 24.07
Insert AMR 20 5.0 80.0 150.0 40.0 60.0 40.0 1000 300.0 24.0
Difference 23 0.65 0.51 0.19 0.21 0 0.44 5 4.6 0.07
0%-1 0.1 0.17 13 3.2 0.6 0.6 0.2 2.6 0.7 0
0 %-2 0.1 0.17 13 3.2 0.6 0.6 0.2 2.6 0.7 0
0%-3 0.1 0.17 1.3 32 0.6 0.6 0.2 2.6 0.7 0
Mean 0.1 0.17 1.3 32 0.6 0.6 0.2 2.6 0.7 0
S 0 0 0 0 0 0 0 0 0 0
LLO AMR 0.1 0.17 13 3.2 0.6 0.6 0.2 2.6 0.7 0
Insert AMR 0.12 0.17 1.39 3.15 0.6 0.6 0.16 2.6 0.7 0.03
Difference -0.01 0 -0.09 0.05 0 0 0.04 0 0 -0.03




Carbamazepine 6 Points Linearity Test
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Fig. 1. Linearity experimented of five or six points calibrators.



Table 2. Mean of three times on five or six points calibrators

Concentration Test items
Target values CARB DIG VANC VALP PHNY PHNO THEO SALI ACETA PRIM
Cal F-1 222 5.0 80.4 153.3 394 60 39.1 987.7 300 24
Cal F-2 223 5.43 80 151.6 39.2 60 385 990.6 2975 24
Cal F-3 222 5.38 80 153.1 40.0 60 40 1000 292.2 236
Mean 222 5.27 80.13 152.67 39.53 60 39.2 992.8 296.6 23.87
Target value 20.0 5.0 80.0 150.0 40.0 60.0 40.0 1000 300 24.0
Difference 2.2 0.27 0.13 2.67 -0.47 0 -0.8 -1.2 -34 -0.13
Cal E-1 9.9 3.27 38.3 99.3 20.2 37.2 20.2 792.8 227.2 16.3
Cal E-2 9.8 3.37 40.2 107.3 205 394 20.5 777.3 226.9 174
Cal E-3 10.2 345 38.2 105.7 20.7 379 20.2 781.1 223.9 16.8
Mean 9.97 3.36 38.9 104.0 205 38.2 20.3 7837 226 16.83
Target value 10.0 3.0 40.0 100.0 20.0 40.0 20.0 750 225 16.0
Difference -0.03 0.36 -0.11 4.0 0.5 -1.8 0.3 33.71 1 0.83
Cal D-1 5.4 2.09 205 48.5 9.5 19.3 10.1 515.2 1475 79
Cal D-2 5.3 212 19.9 51.3 94 19.8 10.5 513.9 149.9 8.2
Cal D-3 5.6 212 20.6 48.6 9.8 20 11.0 504.1 149.5 8.1
Mean 5.43 211 20.3 495 9.6 19.6 10.5 511.1 148.9 8.07
Taget value 5.0 2.0 20.0 50.0 10.0 20.0 10.0 500 150 8.0
Difference 0.43 0.11 0.3 -0.5 -04 -04 0.5 111 -1.1 0.07
Cal C-1 2.8 1.02 9.7 24.2 4.6 10.2 5.2 250.7 734 4.0
Cal C-2 29 1.08 9.8 24.9 4.6 10.0 51 245 73.2 4.0
Cal C-3 2.8 113 9.9 252 4.7 10.2 5.0 251.1 735 4.0
Mean 2.83 1.07 9.8 24.8 4.63 10.1 51 248.9 7343 4.0
Target value 25 1.0 10.0 25.0 5.0 1.0 5.0 250 75 4.0
Difference 0.33 0.07 -0.02 -0.2 -0.37 0.1 0.1 -1.1 1.57 0
Cal B-1 13 0.54 5 11.6 2.3 4.8 2.7 21
Cal B-2 14 0.53 5 12.1 2.3 4.8 2.7 2.2
Cal B-3 1.3 0.50 48 11.9 23 49 2.7 21
Mean 1.33 0.52 4.93 11.9 23 4.83 2.7 2.13
Target value 1.25 05 5.0 12.5 2.5 5.0 2.5 20
Difference 0.08 0.02 -0.07 -0.6 -0.2 -0.17 0.2 0.13
Cal A-1 0.1 0.17 13 3.2 0.6 0.6 0.2 2.6 0.7 0
Cal A-2 0.1 0.17 13 3.2 0.6 0.6 0.2 2.6 0.7 0
Cal A-3 01 0.17 1.3 32 0.6 0.6 0.2 2.6 0.7 0
Mean 0.1 0.17 1.3 32 0.6 0.6 0.2 2.6 0.7 0
Target value 0 0 0 0 0 0 0 0 0 0
Difference 0.1 0.17 13 3.2 0.6 0.6 0.2 2.6 0.7 0




Table 3. Correlation coefficient, slope and interception experiments

Test items
Factors
CARB DIG VANC VALP PHNY PHNO THEO SALI ACETA PRIM
Slope 1.0945 1.0467 0.9913 1.0169 0.9905 0.9831 0.9765 1.007 0.9925 0.9986
Intercept —0.0917 +0.0788 +0.2903 +0.4831  0.0663 +0.111  +0.3917 +3.404 +0.252 0.1178
Corr. coeff. 0.997 0.9977 0.994 0.999 0.991 0.999 0.9996  0.9985 0.9998 0.9987
Linearity Good Good Good Good Good Good Good Good Good Good

valproic acid 3.2/2.67 png/mL, phenytoin 0.6/-0.47 pg/mL,
phenobarbital 0.6/0 pg/mL, theophyline 0.2/-0.8 pug/mL,
salicylate 2.6/—7.2 ug/mL, acetaminophen 0.7/—3.41
g/mL, primidone 0/—0.13 ug/mL.S. & Elstth (Table 2).
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A= 40ug/mL, salicylate= 53 FEFFANA -7.21
g/mLE zto]2 7FF =9k phenobarbital= 53 =
FolA -1.8 pgimLE 59 WaFe g o)zt o= A
= FRlskth

718 713ke] B4 oA carbamazepineo] 1.0945% 7}
=9kl theophyline AR} 71 wgtom, Aagte 71
A2 carbamazepine©] -0.0917°]H 7F¢ =2 AL
salicylate”} +3.40]%0th A#A|Go] B ZE
AbgHEO A 0995 Bl 2414 Al A= Fig. 13
o] 5ot} 67l A SAMH Y A&} aFgh|o i
A AAle g3t A44S B

¢

i se o
lo

al

-
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