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Annual Report on External Quality Assessment in Therapeutic Drug
Monitoring in Korea (2006)

Jeong-Ho Kim, Byung Kwang Kim, Soo Youn Lee, Sail Chun, Gye Cheol Kwon, Yeomin Yoon, Jong-Baeck Lim,
Dong Hoon Shin, Kyung Eun Song, Sean-Mi Song, Soon-Pal Suh, and Jin Q Kim

Therapeutic Drug Monitoring Subcommittee,
The Korean Association of Quality Assurance for Clinical Laboratory,
Seoul, Korea

Two trials of external quality assessment for Therapeutic Drug Monitoring (TDM) Subcommittee
of Korean Association of Quality Assurance for Clinical Laboratory were performed in 2006. The
number of participating laboratories were increased to 104, by 9.5% increase comparing with the
previous year. Response rates were 100.0% for both trials as the recent 4 years. Two kinds of
control materials were requested simultaneously to be tested in each trial so that each institution
could know the possible systematic error. In both trials, 20 test items were responded at least
from one laboratory. The average drug item was 6.5 per institution, which was decreased slightly
from 6.8 in recent 5 years. The most common test items were valproic acid, digoxin, phenytoin,
carbamazepine, and theophylline which were peformed in more than 71% of participating lab—
oratories. The response rate of phenobarbital were decreased to 61%, followed by cyclosporine,
lithium, vancomycin, tacrolimus, methotrexate, amikacin, gentamycin, salicylate, tobramycin, aceta-
minophen, salicylate, primidone, free phenytoin, and amitryptyline, in decreasing order. The most
widely used TDM analyzer was Abbott TDx/TDxFLx (38.9%), followed by Abbott AxSym (25.9%),
and Roche Cobas Integra (20.5%). The inter-laboratory coefficients of variations were not greatly
improved comparing with those of previous years. In conclusion, the TDM external quality
assessment of 2006 was showed the similar patterns except the increase of the participating
laboratories (n=104) with the slightly decreased usage of popular 6 items.

Key Words : Quality assurance, External quality assessment, Therapeutic drug monitoring
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Fig. 1. Change of number of participating laboratories in TDM proficiency testing in KAQACL according to the

trials of each year.

%) F=#HEAA  Lyphocheck® TDM  Control
(Bio-Rad Laboratories, Hercules, CA, USA) Level
1 (06-01) ¥ Level 3 (06-02)9 ¥+ %ﬂ‘?rgl 2e F
987 Fed 7]¢el “”io} Aok 2e g A (2Mm) F=
#2249 Lyphocheck® whole blood control (Bio-
Rad Laboratories) Level 1 (06-01WB) ¥ Level 3
(06-02WB) < F F7F<9 EZE cyclosporine E&
tacrolimus FARE Ald¥shs F 4871 718s ddez %
Falnt. A23)ztZ 2006 119 7€l TDMAA =
#2124 Lyphocheck® TDM Control (Bio-Rad Labo-
ratories) Level 1 (06-03) & Level 2 (06-04) ¢ ¥
TR E4e T 10470 Fo|dE dide = EEsisint

Table 1.

22 Jofl Lyphocheck™ whole blood control (Bio-
RadLa boratories) Level 1 (06-03WB) % Level 2
(06-04WB) ¢ F ZFF9 EZE cyclosporine E&
tacrolimus FARE Alddks & 4970 718s didez %
St

2. ZTAB=E 9 Y

20069 =l TDMEZAA AAJeE SFHEdAL A=A
F5-2 acetaminophen, amikacin, amitriptyline, car-
bamazepine, digoxin, ethosuximide, free phenytoin,
gentamicin, lithium, methotrexate, phenobarbital,
phenytoin, primidone, salicylate, theophylline, to-

Number of institution who responded in TDM proficiency testing in Korean Association of Quality

Assurance and Clinical Laboratories (KAQACL) in the year of 2006 comparing with those of the previous years

No. of Institution

No. of Institution Responded Average Response

Trial Participated (Response Rate, %) Rate (%)
First Trial of 2004 86 86 (100.0)

Second Trial of 2004 89 89 (100.0) 10e
First Trial of 2005 92 92 (100.0)

Second Trial of 2005 95 95 (100.0) 1000
First Trial of 2006 98 98 (100.0)

Second Trial of 2006 104 104 (100.0) 10e
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Table 2. Number of test items of TDM proficiency testing of 2006 KAQACL comparing with those of recent five

years

Year  Average 2002 2003 2004 2005 2006
No. of ‘01~'05  1st 2nd Tst 2nd Tst 2nd 1st 2nd 1st 2nd  Average
Test Items Trial Trial  Trial ~ Trial  Trial  Trial ~ Trial ~ Trial ~ Trial  Trial
1 4.2 3 3 4 4 4 5 6 6 5 9 7
2 7.4 5 8 7 6 8 9 10 11 12 13 125
3 2.3 2 w w 2 o 9 2 3 4 5 45
4 4.2 6 4 4 4 7 5 3 3 3 3 3
5 6.3 6 6 5 5 49 8 8 8 775
6 153 13 15 14 13 15 12 18 18 16 16 16
7 15 6 14 16 17 16 17 13 15 17 19 18
8 8.0 9 9 7 6 6 7 9 9 8 6 7
9 6.5 5 6 7 9 9 8 7 7 9 9 9
10 1.7 1 10 1 3 0 2 1 2 3 25
1 3.7 5 3 4 5 3 3 3 4 3 o> 05
12 1.7 0 0 1 0 o 3 3 3 3 5 4
13 3.6 3 5 3 4 43 5 4 4 4 4
14 2 4 o 2 3 o0 2 2 3 o> 25
15 0.4 0 1 1 0 0 1 0 0 0 0 0
16 0.4 0 0 0 0 0 1 0 0 0 0 0
17 0.5 1 1 1 1 1 0 0 0 0 0 0
18 0 0 0 0 0 0 0 0 0 0 1 05
19 1 0 00 0 0 0 1 1 w 0 05
l?ﬁ'sthiﬁons 84 79 79 79 80 8 8 9 95 98 104 101
@gg’:‘ge Test 6.7 68 67 70 71 68 67 67 66 67 64 65
No. of Test

ltems Evaluated ef 2720 20

20 20 20 20 20 20 20

bramycin, valproic acid, vancomycin, cyclosporine,
tacrolimus (FK-506) & 203500ttt A28 A= &
A3t FES oo R AAEth AedEdR Al
7] 91814 Lyphocheck™ TDM control& AMEA]l AT
Aol Fo] 255 3] 5.0 mLS Yol LA He
of 1583t AlYl & F # Ao AESER sisith
Lyphocheck® whole blood control& 7AAF @del| gol
275 A8 2.0 mLE o] {alA7IH Ao 2083t

A9 E F 4 Aol AHgHES S

3. Z2oEA % EA
Az 2 EAXEE Microsoft®  Excel 2002,
Microsoft™ Access 2002 2 Analyse-it Software
(Version 1.68, Leeds, England, United Kingdom)& A}
B39tk &Y 2 FEAE TDMEZS 3] AA] g

Aoz sfA] ¢a, douR g 7]l tsire & 93]
AARMNR dZ3 AE)aidet. =gk HAPH|EEE 7|
oA ¥ 71HE AdEet FUI=ER Aesislen, &
AEAE 2t AAEEER Y] Aol melskA] & A
ANEALt 7t A8 (peer group)E BT, FTHA}
standard deviation index (SDI) #& %], SDIgke]
+3 Ee -3& Hoju= 71389 A= AQlsta, Al
Hat, TTHAL 9 SDIgES At ©@, zedz|de] 1
7181 Zfolle BANA A=A, ek 7 HE W
o]Al5* (coefficient of variation, CV), A3, 2 A
e AAElTh. 2 £33 TDMAAIA 713
ogA] BRI IS thadt 2ol Asiiitt. dld
Lo FrdEatgel Hofrt dd gle A AsHeR
EQ o] 8 BRI 7)ol ARt 1 9o o F A
= 8 B oz HEst
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Table 3. Distribution of test items in TDM proficiency testing in KAQACL in recent three years

Year 2003 2004 2005 2006 The The
Response N Response
1st 2nd 1st 2nd st 2nd 1st 2nd  Rate (%) of Rate (%) of

Name of Drug Tria Trial ~ Trial ~ Trial ~ Trial ~ Trial  Trial ~ Tria 2006 ‘03~'05
Acetaminophen 5 5 5 6 4 4 6 6 5.9 Inc 56
Amikacin 12 13 13 14 13 12 12 13 12.4 14.8
Amitriptyline 3 3 3 2 3 3 3 2 2.5 3.3
Carbamazepine 67 68 72 67 75 77 80 81 79.7 81.8
Cyclosporine 30 31 33 34 38 37 39 42 401 Inc 39.0
Digoxin 68 69 74 76 80 82 85 85 84.2 86.2
Ethosuximide 0 0 0 0 1 1 1 1 1.0 Inc 0.4
Free Phenytoin 4 4 3 4 4 4 4 3 3.5 4.4
Gentamicin 8 8 7 8 7 7 7 7 6.9 8.6
Lithium 28 31 32 33 30 29 32 32 31.7 35.1
Methotrexate 17 17 18 17 19 19 20 19 19.3 20.5
Phenobarbital 60 61 61 64 61 61 63 61 61.4 70.6
Phenytoin 60 66 70 71 71 72 73 71 71.3 78.7
Primidone 5 5 5 5 5 5 6 4 50 58
Salicylate 7 7 6 5 5 5 6 5 54 6.7
Tacrolimus (FK-506) 16 17 20 21 23 24 27 29 27.7 Inc 23.2
Theophylline 66 67 69 70 71 73 74 74 73.3 79.8
Tobramycin 7 6 6 7 6 5 5 8 6.4 71
Valproic Acid 69 70 74 76 79 80 83 88 84.7 86.0
Vancomycin 15 17 18 20 24 26 29 34 31.2 Inc 23.0
Total Number of 79 80 8 89 92 95 98 104 32.7 34.0

Institution Responded

* ‘Inc’ means the increase of both the number and the response rate of 2006 comparing with those of recent

three years (2003~2005).

(1) o' oF&e] F 74| Fro] FH=de] HAdA o
1ol A8 (peer group) SDI @kl +3 ol & -3
o] YRS HOl A9}t 25 ool WEe Ag
(2) o' k=] F 7] o] Fxde] Aol
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1. Z0{7|2t W ZARA| B=

BN AudE] ARETE 1A F A7 H 98
713 FollA A 7)) ZJalsle] 3]4lEo] 100.0%RA1, 2
Aol = A g7 104718 2571 34lEk] 100.0%%
o} o713 Al S7FIATH Table 1), B8k 32 10d
7kl Fojr| @4l Wals B E3] Frksl] AE A%
g ujo] 5071 A 10471#e 2 S7FEATHFig. 1), =g
7L 718 G AAEE 5 AT 6.5 TECE AT Hd

(2001 ~2005\) 2] B4t T55 6.8F5<0 vla) ot 74
3l tH(Table 2).

SFEAAlY] 5 G AATIETE
2ot e
o, FHT 3"9(2003d~2005) Htell B]8f tacrolimus,
vancomycin 5°] FF38] F7F AU, 1 9ol aceta-
minophen, cyclosporine, ethosuximide §°] M S715}

o
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A HH Table 33
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20069 = A PP 2 | REE AdEe fARE
o ARt AAREEY Au)e] o] §¥3E B
7P ®ol olg¥e gHlE AbbottAle] TDx(FLx) %
38.9%°19e, HAUE H& 41.3%°) HlsiAE 7489
T} U= AbbottAR] Abbott AxSymO=E  ARE-EO]
25.9%% 7Vl 1 thae] RocheAle] Cobas Integra
2 20.5%HTable 4). 1 2ol AbbottAle] IMx, Bayer
ARe] Centaur 59| oI tHTable 4). Lithium#dAle] 7
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Table 4. Usage of the instrument for TDM KAQACL proficiency testing in 2006

Name of Instruments 2003 2004 2005 2006 Rank of Usage in

(%) (%) (%) (%) 2006
Abbott TDx/TDxFLx 51.7 43.8 41.3 38.9 1
Abbott AxSym 16.5 21.3 24.3 25.9 2
Roche Cobas Integra 19.7 21.9 20.9 20.5 3
Abbott IMx 3.7 3.7 3.8 4.1 4
Bayer Centaur 0.0 1.3 2.5 2.4 5
DPC Immulite 0.0 0.3 1.3 1.9 6
Microgenics CEDIA 2.8 1.7 0.1 1.1 7
Dade Behring Dimension RXL 0.0 2.1 1.2 1.1 7
Roche Modular P 0.0 0.0 0.8 1.1 7
VIDAS 0.0 0.0 0.3 0.5 10
HPLC 0.4 0.3 0.4 0.5 10
Roche Elecsys 2010 0.0 0.4 0.3 0.5 10
Syva (EMIT) 0.0 0.2 0.2 0.5 10
Roche Modular E-170 0.0 0.0 0.8 0.3 14
RIA 0.5 0.5 0.6 0.3 14
LC/MS/MS 0.0 0.0 0.3 0.2 14
Beckman Access 0.2 0.2 0.2 0.2 17
Johnson & Johnson 0.0 0.0 0.0 0.2 19
Bayer ACS180 1.4 0.5 0.1 0.0 18
Dade Behring ACA 0.7 1.2 0.0 0.0 19
Dade Behring Opus 3.0 0.5 0.0 0.0 19
Sum 100.0 100.0 100.0 100.0

Table 5. Distribution of the kinds of instruments for lithium determination in the vyear of 2006 in KAQACL
proficiency testing

Name of Instrument % Rank
NOVA CRT/Nucleus & others 37.6% 1

Vitros 15.6% 2

AVL Scientific 12.5% 3

Roche COBAS INTEGRA 12.5% 3

Dade Behring Dimension RxL 9.4% 4

Atomic Absorbtion Spectrophotometry 3.1% 5

Flame Emission Photometry 3.1% 5
Instrumentation Laboratory 3.1% 5

Other method 3.1% 5

100.0%

ol AAPEHelY AHe] A8l $lolA Nova H|7¢ tion spectrophotometry (AAS)H 2 flame emission
71 ol AbgE a1 A, AA lithium#AA &2l 93.8 spectrophotometry (FES)E ©]&3t 7|#x= 2hdd} A}

%21 30713l A ISE (fon selective electrode)®He] ©] 3 tHTable 5 2 Table 6).
|53 glo] ZdT}t FARgE Hl&olUTE. Atomic absorp-
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Table 6. Distribution of the method of lithium determination in the year of 2006 in KAQACL proficiency testing
E)rel?ecrlri‘iia?on Wszto%fi)al 2n2dogfial 150%?3\ 2n2dog€r3ial % of 2006
ISE* 28 27 30 30 93.8
AAS* 1 1 1 1 3.1
FES* 1 1 1 1 3.1
Sum 30 29 32 32 100.0
*ISE, ion selective electrode method: AAS, atomic absorption spectrophotometric method:;
FES, flame emission spectrophotometry.
3. Y AAL ZAnpx| I AARMZE BHO Al 10~29] Flsldtl. 20060 H=deAdedl Ao
2006 3% TDME-I}ojl A @*15& ‘% FeAAE AR E2A e B "¢} 8 %"J" o] ¥ 7]#2 gt
g HAkdRte] WolAlrgks , Table 7, 8, 2 9
I go] Zt FEEE W & HH ?ulf%&%ﬂl*i AAREZE o F
SH21¢] Apol7h 771 A¢-Eue FE FEol BIlkTh
7 AAEE AN EAA RS AR W, £5EA el A =R 3] TDMERSIE3le] 06d%
HolAlr, P HAbdate]l A%, HdAE Table A EZAAY S odF) o] 23] AAlsigion, i
Table 7. Mean between-laboratory CV of each item using low-level control materials in recent & years
ltem \\ Trials 2004 2005 Average of 2006 2006 Number of
(1st) (2nd) recent 5 (1st) (2nd) institution
years participated
Acetaminophen 238.7 7.4 14.2 18.8 8.1 6
Amikacin 5.8 6.7 8.4 7.2 10.1 13
Amitriptyline 411 - - - - 2
Carbamazepine 6.9 6.2 101 71 7.2 78
Cyclosporine 14.7 18.7 13.8 15.8 9.2 41
Digoxin 16.6 15.8 15.5 15.8 16.6 83
Free Phenytoin 6.3 21.7 15.3 28.6 7.9 3
Gentamicin 6.5 4.5 6.7 4.6 6.8 7
Lithium 271 18.0 23.2 22.0 15.4 32
Methotrexate 7.9 5.5 8.0 3.6 5.1 18
Phenobarbital 6.9 6.1 7.1 4.8 4.4 60
Phenytoin 9.8 6.3 8.8 6.4 5.5 70
Primidone 9.1 5.8 8.5 6.0 5.7 4
Salicylate 12.9 5.5 12.8 5.3 4.2 5
Tacrolimus (FK506) 141 16.8 16.0 22.5 17.6 29
Theophylline 5.7 4.4 6.7 6.1 6.8 72
Tobramycin 11.5 18.4 17.2 18.7 20.7 8
Valproic Acid 6.8 4.5 6.5 5.8 4.8 87
Vancomycin 7.3 7.3 9.3 11.8 8.1 34
Total Mean CV 13.0 9.9 12.3 114 9.1

All numbers are between-laboratory coefficient of variation (CV, %) regardless of methods.
Several results of some institution was deleted for the calculation of CV since they seemed
to be random errors. Amitryptiline was according to high performance of liquid chromatography.
-, GV could not be calculated since the number of institution responded was one or zero.



TDMZIAL AR AL ZTHE1(2006)

Table 8. Mean between-laboratory CV of each item using medium-level control materials in recent 5 years

ltem / Trials 2005 2005 Average of 2006 Number of
(1st) (2nd) Recent 5 (2nd) Institution
years Participated
Acetaminophen 7.9 9.0 1.7 5.6 6
Amikacin 6.2 5.2 5.4 3.5 13
Amitriptyline - - - - 2
Carbamazepine 6.5 5.8 6.4 7.8 80
Cyclosporine 12.3 11.6 12.7 7.7 41
Digoxin 10.0 11.4 9.8 9.4 84
Free Phenytoin 16.4 24.1 16.6 12.7 3
Gentamicin 9.8 8.6 10.7 8.9 7
Lithium 17.4 23.7 18.6 17.9 32
Methotrexate 8.7 7.8 28.5 8.3 19
Phenobarbital 57 6.0 5.4 3.8 60
Phenytoin 7.5 5.5 6.5 4.3 70
Primidone 6.3 2.7 5.1 7.5 4
Salicylate 2.9 2.2 4.2 2.7 5
Tacrolimus (FK506) 17.1 16.8 13.9 12.2 29
Theophylline 4.8 3.8 4.9 5.5 72
Tobramycin 18.7 16.2 10.3 12.1 8
Valproic Acid 5.3 46 5.4 4.6 87
Vancomycin 7.1 8.6 7.6 8.4 34
Total Mean CV 9.2 9.6 10.2 7.9

All numbers are between-laboratory coefficient of variation (CV, %) regardless of methods. Several results of
some institution was deleted for the calculation of CV since they had random error. Amitryptiline was according

to high performance of liquid chromatography.

-, GV could not be calculated since the number of institution responded was one or zero.

o] 1047]#o2 HFoZ 100717 dlx, Adxe] v
&l 9.5% Z7Fetletl, 106 Aol Al2keE wje] 507]¢
Hlell 108% S7Fe Aellem, ol dF desrd ¢
A B8o] AmAom 53| Skl o)

o] FTHTable 1., Fig. 1(1). 3hl&e 2003d7E
4A7r A%31] 100%5 B Fol7|He] =& WS st
SATHTable 1). 7V B 71Hellx s)ilgh ofese HAR
=2 valproic acid, digoxin, phenytoin, carbamazepine,
theophylline ¢ 535224 71%9] 71HelA SHsINL,
phenobarbital & 61%2] 7]H#lx SH3ISHTable 3).
e B 7elA Aldeke ol 639 o BT A

ol vlell sl silee] ot A4asiiar, il cyclo-
sporine, tacrolimus, % vancomycin <] 2FEo| ddd]
vl slalge] S 10% nlRke] ghls Bl $5L
gentamycin, tobramycin, acetaminophen, salicylate,
primidone, free phenytoin, amitryptyline, ethosuxi-
mide 59 w2 ddF fARE FFEolUtHTable 3).
Procainamide, quinidine © thsirdE 3xl7]de] iich
T3 7F 7 AR T 6.5550R HE Hid
(20011 ~2005K)7te] HHEET 6.8F5< H[s| 23]
0.3%5 Hasisled], ole AEA RFoloke 718 Hodd=
THF7E A& Aol 71%1sks Ao® Fgsiirk(Table 2).
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Table 9. Mean between-laboratory CV of each item using high-level control materials in recent 5 years

ltem / Trials 2003 2004 2005 szigst ’ 2006 ,\i‘r:JsTitbuetiro(rjwf
(2nd) (2nd) (1st) 5 years (Tst) oarticipated

Acetaminophen 11.4 7.1 6.6 10.0 9.57 6
Amikacin 6.4 3.9 6.4 6.0 3.57 12
Amitriptyline 38.6 - 37.4 32.3 - 3
Carbamazepine 8.1 9.1 5.9 9.0 10.69 79
Cyclosporine 10.6 8.3 13.5 12.0 9.62 38
Digoxin 10.6 9.5 10.0 10.4 8.87 85
Free Phenytoin 26.6 7.8 17.2 18.0 30.83 4
Gentamicin 7.9 12.4 12.1 9.1 9.16

Lithium 21.5 15.7 18.9 18.0 16.67 31
Methotrexate 4.9 5.5 5.6 6.2 4.09 19
Phenobarbital 5.9 7.5 5.9 7.5 7.43 62
Phenytoin 6.1 4.9 3.9 5.7 4.25 71
Primidone 4.3 2.1 8.8 4.7 4.9 6
Salicylate 5.2 3.7 2.8 4.3 1.37 6
Tacrolimus (FK506) 8.7 12.6 13.4 18.2 11.17 26
Theophylline 6.2 6.4 3.8 6.0 4.89 71
Tobramycin 8.3 6.4 11.0 7.5 12.18 5
Valproic Acid 5.7 5.0 5.1 59 5.28 83
Vancomycin 6.6 8.7 9.5 9.8 13.22 29
Total Mean CV 10.7 7.6 10.4 10.3 9.3

All numbers are between-laboratory coefficient of variation (CV, %) regardless of methods. Several results of
some institution was deleted for the calculation of CV since they had random error. Amitryptiline was according to
high performance of liquid chromatography.

-, CV could not be calculated since the number of institution responded was one or zero.

Table 10. Acetaminophen proficiency testing results of KAQACL in the year of 2006 (unit, pg/mL)

06-01 06-02 06-03 06-04
Method No. vV No. CV  No. CcV  No. oV
Lab Mean 8Dy g Mean SD g g Mean SD gy Mean D g

All methods 6 92 1721879 60 99.67 9.54 957 6 932 0.75 81 6 34.32 1.91 557

Roche Integra 5 8.6 1.14 13.26 & 96.6 6.58 6.81 5 9.18 0.76 824 &5 33.58 0.7 2.09

Abbott TDx 1120 - - T 11580 - - T 100 - - 1 38.0 - -

-, GV could not be calculated since the number of institution responded was one or zero.
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Table 11. Amikacin proficiency testing results of KAQACL in the year of 2006 (unit, ug/mL)

06-01 06-02 06-03 06-04

Method No. CV  No. CcV  No. cV  No. cV
Lab Mean SD g gy Mean 8D gy Mean SD o gy Mean SD o)

Al methods 12 4.44 032 7.5 12 267 0.95 357 13 479 048 10.06 13 152 0.54 3.54
Abbott (TDx) 7 444 04 899 7 273 07 258 8 474 042 884 8 1504 0.49 3.28

Cobas Integra 5 444 019 439 5 2586 049 1.91 5 486 0.61 1265 & 1546 0.56 3.62

Table 12. Amitriptyline proficiency testing results of KAQACL in the year of 2006 (unit, ng/mL)

06-01 06-02 06-03 06-04
Method No. oV No. CV  No. CcV  No. cV
Lab Mean SD %) Lab Mean  SD %) Lab Mean SD %) Lab Mean SD (%)
Abbott TDx 1 251.0 - - 1 750.0 - - 1 274.0 - - 1 570.0 - -
LC/MS/MS 1 71.0 - - 1 304.0 - - - - - - - - - -
HPLC 1 127.0 - - 1 393.0 - - 1 93.0 - - 1 222.0 - -

-, GV could not be calculated since the number of institution responded was one or zero.
* We did not calculate the average and SD of all methods since total TCA was determined by Abbott TDx
comparing with each TCA fraction by HPLC.

Table 13. Carbamazepine proficiency testing results of KAQACL in the year of 2006 (unit, ng/mL)

06-01 06-02 06-03 06-04

Method No. oV No. oV No. oV No. o
Lab Mean SD gy g Mean SD gy gy Mean SD gy Mean SD g

All methods 80 3.07 022 705 80 1531 164 1069 81 3.06 022 7.15 81 964 0.75 7.81
Abbott TDx 29 306 023 7.41 29 1489 162 1091 29 301 024 795 29 0945 056 5.95

Abbott AxSym 2r 3.0 017 577 27 1528 1.17 7.67 28 3.06 0.156 4.8 28 946 0.46 4.89

Cobas Integra 16 321 0.08 289 16 17.06 0.56 3.28 16 3826 0.11 8.32 16 1046 0.4 3.8
Bayer Centaur 2 275 0.07 257 2 11585 0.92 7.96 2 245 0.35 14.43 2 7.45 0.78 10.44
DPC Immulite 2 24 042 1768 2 12.85 1.34 10.46 2 23 028123 2 8.0 0.99 12.37
Modular P 2 295 007 24 2 1566 0.28 1.81 2 29 028 9.75 2 104 1.56 14.96
Dimension RXL T 81 - - 1 142 - - 1 2.9 - - 1 9.0 - -
CEDIA 1 34 - - 1 185 - - 1 4 - - T 11 - -

-, CV could not be calculated since the number of institution responded was one or zero.

Table 14. Cyclosporine proficiency testing results of KAQACL in the year of 2006 (unit, ng/mL)
06-01 06-02 06-03 06-04

Method No. CcV  No. CcvV  No. cvV  No. cV
Lab Mean  SD %) Lab Mean  SD %) Lab Mean SD %) Lab Mean  SD (%)

All methods 39 87.0 18.73 1578 39 379.7 36.52 9.62 42 86.75 7.97 9.19 42 167.3 12.89 7.7
Abbott TDx 24 93.63 18.73 20.0 24 3927 2846 725 25 88.26 6.94 787 25 170.0 10.94 6.43

Abbott AxSym 8 835 3821 384 8 3536 19.82 56 10 84.32 7.97 945 10 157.8 13.91 8.82
Cobas Integra 3 7467 1332 1783 3 349.3 31.9 913 2 895 19.09 21.338 2 1725 17.68 10.25
RIA 2 785 1344 1711 2 373.0 1076 28.82 2 655 19.09 29.15 2 144.0 57.98 40.27
Syva (EMIT) 1770 - - 1 349.0 - - 2 80 12.73 16.91 2 1685 354 2.1
CEDIA 1800 - - 14260 - - 1 89 - - T 1770 - -

-, CV could not be calculated since the number of institution responded was one or zero.
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Table 15. Digoxin proficiency testing results of KAQACL in the year of 2006 (unit, ng/mL)

06-01 06-02 06-03 06-04
Method No oV No oV No CV  No oV
Lab Mean SD (%) Lab Mean SD (%) Lab Mean SD (%) Lab Mean SD (%)
All methods 85 0.66 0.1 1532 85 38.23 0.29 887 85 0.64 0.11 16.6 86 1.66 0.16 9.42
Abbott TDx 27 061 0.08 1286 27 303 0.2 6.67 20 0.69 0.11 18865 26 1.53 0.11 7.0

Abbott AxSym 23 0.67 0.08 1228 23 3.13 0.16 4.95 23 0.64 0.06 10.17 23 1.65 0.08 4.64

Cobas Integra 17 0.67 014 2159 17 354 0.15 424 17 071 0.13 1811 17 1.8 0.08 4.51
Bayer Centaur 4 0.7 0.08 11.66 4 323 0.05 1.55 4 072 005 6.9 4 182 0.17 9.36
VIDAS 3 0.63 006 9.12 3 333 006 1.73 3 043 012 26.656 3 1.43 0.2114.52
DPC Immulite 3 073 0.15 20.83 3 363 04 11.12 3 073 012 1575 3 1.8 0.1 5.56
Elecsys 2010 2 0.65 0.07 10.88 2 375 0.07 1.89 3 059 008 1378 3 1.89 0.1 5.44
Modular E-170 2 075 021 28.28 2 3.056 0.64 20.87 2 06 O 0.03 2 1.756 0.07 4.04
Modular P T 038 - - T 35 - - 107 - - 1T 18 - -
Dimension RXL 107 - - 133 - - 1T 06 - - T 17 - -
Beckman Access 1 0.7 - - 1 3.2 - - 1 0.6 - - 1T 16 - -
CEDIA 1 04 - - 1 34 - - 1 05 - - 1 16 - -
-, GV could not be calculated since the number of institution responded was one or zero.
Table 16. Free phenytoin proficiency testing results of KAQACL in the year of 2006 (unit, ng/mL)

06-01 06-02 06-03 06-04
o E;b Mean SD (C%\J/) Ela?b Mean SD (C%\J/) E;b Mean SD &\/) F;b Mean SD &\/)

All methods 4 1.23 0.35 2863 4 3.07 0953083 3 1.13 0.09 791 3 1.99 0.25 12.68

Abbott TDx 4 123 035 2863 4 307 09563083 3 1183009 791 3 1.99 0.25 12.68

Table 17. Gentamicin proficiency testing results of KAQACL in the year of 2006 (unit, ug/mL)

06-01 06-02 06-03 06-04
Method
No. oV No. oV No. oV No, v
Lab Mean SD oy Mean SD g g Mean D gy Mean SD g

All' methods 7 276 013 461 7 6.89 063 916 7 298 0.2 6.77 7 561 05 8.86
Cobas Integra 3 2.7 0.1 3.7 3 63303 565 2 30 014 471 2 52 O 0.08
Abbott TDx 2 275021 v 2 72 042 589 3 289 028 954 3 562 0.5810.24
Abbott AxSym 2 2.85 0.07 248 2 74 057 764 2 31 014 45 2 © 0.42 7.07
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Table 18. Lithium proficiency testing results of KAQACL in the year of 2006 (unit, mmol/L)

131

06-01 06-02 06-03 06-04
Method Faob' Mean SD (OO/Z/) Faob' Mean SD (% Efb Mean SD (C%\/) Efb Mean SD (C%\/)
All methods 32 064 0.14 220 32 237 04 1667 32 0586 009 154 32 151 0.27 17.86
NOVA CRT 8 082 024 2887 8 30 042 1414 6 055 008 1546 6 1.69 0.33 19.6
Vitros 6 079 0.07 8.48 6 249 011 4.44 5 067 006 8.51 5 167 0.03 206
NOVA others 4 062 015 2475 4 245 052 21.29 6 059 009 1478 6 1.69 0.31 18.58
AVL Scientific 3 0.66 0.06 9.94 3 221 019 868 4 052 0.02 314 4 1.37 0.07 4.84
Cobas Integra 3 089 011 18.02 3 211 009 424 4 052 002 314 4 129 0.18 9.87
Dimension RXL 3 048 009 20.27 3 189 0.12 6.1 3 043 0.03 8.06 3 1.31 0.14 10.58
IL 1062 - - 1 204 - - 1 05 - - 1 126 - -
Eﬁg?(meeTrinSiO” 106 - - 119 - - 1 06 - - 1 12 - -
Vitros DT 6011 1 05 - - 1T 1.9 - - - - - - - - - -
AAS 1 0.53 - - 1218 - - 1 055 - - 1 1.35 - -
Other method 1 0.58 - - 1209 - - 1057 - - 1 1.38 - -
AAS, atomic absorption spectrophotometry.
IL, Instrumentation Laboratory.
-, GV could not be calculated since the number of institution responded was one or zero.
Table 19. Methotrexate proficiency testing results of KAQACL in the year of 2006 (unit, umol/L)

06-01 06-02 06-03 06-04
e e 'm0 Gy g Mean SDoh [ Mean SD o 0 Mean SD o)
All methods 20 0.39 001 357 20 834 034 409 19 038 002 51 19 117 0.1 83
Abbott TDx 20 0.39 0.01 357 20 834 034 409 19 038 002 51 19 117 0.1 83
-, CV could not be calculated since number of institution responded was one or zero.
Table 20. Phenobarbital proficiency testing results of KAQACL in the year of 2006 (unit, ng/mL)

06-01 06-02 06-03 06-04
Method Efb Mean SD (C%\/) anb- Mean SD (C%\/) anb Mean SD (OO/Z/) anb Mean SD (OO/Z/)
All methods 63 10.28 0.49 438 63 4725 351 743 61 102 045 437 61 2408 0.92 3.81
Abbott TDx 28 10.27 0.44 427 28 46.16 2.7 585 27 1029 0.38 365 27 240 0.87 3.64
Abbott AxSym 18 10.3 0.57 553 18 46.29 298 6.44 17 10.08 0.32 3.13 17 2389 1.11 4.65
Cobas Integra 13 10.2 0.28 271 13 48772 214 4.4 13 1019 0.88 864 13 244 051 2.1
Bayer Centaur 2 127 1.66 1225 2 651 919 14.12 2 11.86 0.35 3.12 2 281 481 17.11
Dimension RXL 1 10.9 - - 1 491 - - 1100 - - 1230 - -
CEDIA 1 93 - - 1 495 - - 1105 - - 1 259 - -

-, GV could not be calculated since the number of institution responded was one or zero.
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Table 21. Phenytoin proficiency testing results of KAQACL in the year of 2006 (unit, pg/mL)
06-01 06-02 06-03 06-04
Method
No. CV No. CV No. CV  No. CcV
Lab Mean 8D gp Mean 8D g gy Mean SDg g Mean SD g
All methods 73 7.07 045 6.36 73 23.27 0.99 4.25 71 6.97 0.38 545 71 13.78 0.59 4.32
Abbott TDx 27 7.18 0.38 5.34 27 23.09 1.32 5.71 26 7.08 0.28 3.91 26 13.79 0.51 3.72
Abbott AxSym 23 7.25 0.38 b5.27 23 23.32 0.75 3.23 22 7.21 0.26 3.61 22 1412 04 282
Cobas Integra 17 6.69 0.26 3.86 17 2344 111 4.75 17 651 02 3.1 17 18.31 0.64 4.82
Modular P 2 6.5 0.07 1.08 2 220 014 064 2 7.0 014 202 2 136 057 4.16
Bayer Centaur 1 8.3 - - 1 27.9 - - 1 7.5 - - 1 14.7 - -
Dimension RXL 1 6.8 - - 1 22.9 - - 1 7.0 - - 1 13.9 - -
DPC Immulite 1 6.2 - - 1 221 - - 1 5.5 - - 1 11.8 - -
CEDIA 1 7 - - 1 245 - - 1 6.3 - - 1 13.1 - -
-, CV could not be calculated since the number of institution responded was one or zero.
Table 22. Primidone proficiency testing results of KAQACL in the year of 2006 (unit, ug/mL)
06-01 06-02 06-03 06-04
Method
No. GV No. CV No. CV  No. GV
Lab Mean SD gy g Mean SDg gy Mean SDgn g Mean SD g
All methods 6 2.95 0.18 5.97 6 10.85 0.53 4.9 4 3.02 0.17 5.65 4 617 0.46 7.52
Cobas Integra 5 3.02 0.04 1.48 5 11.06 0.15 1.37 3 3.1 0.1 3.23 3  6.33 0.42 6.57
HPLC 1 2.6 - - 1 9.8 - - 1 2.8 - - 1 5.7 - -
-, CV could not be calculated since the number of institution responded was one or zero.
Table 23. Salicylate proficiency testing results of KAQACL in the year of 2006 (unit, mg/dL)
06-01 06-02 06-03 06-04
Method
No. GV No. GV No. GV No. GV
Lab Mean  SD (%) Lab Mean SD (%) Lab Mean SD %) Lab Mean SD (%)
All methods 6 3.55 0.19 b5.27 6 44.42 0.61 1.37 5 2.9 0.12 4.22 5 16.44 0.44 2.67
Cobas Integra 6 3.55 0.19 5.27 6 44.42 0.61 1.37 5 2.9 012 4.22 5 16.44 0.44 2.67

-, CV could not be calculated since the number of institution responded was one or zero.
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Table 24. Tacrolimus (FK-506) proficiency testing results of KAQACL in the year of 2006 (unit, ng/mL)

06-01 06-02 06-03 06-04

Viethod T;b Mean SD (C%\/) ’Cfb Mean SD (C%\/) ’Cfb Mean SD &\/) T;b Mean SD &\/)
All' methods 27 4.7/3 1.06 2247 27 1748 1.95 1117 29 6.83 1.21 1764 29 142 1.73 1215
Abbott IMx 256 48 06 1252 25 17.63 1.83 10.38 26 7.02 1.07 1618 26 144 1.54 10.72
LC/MS/MS 2 24 0.85 35.36 2 115 311 27.05 1 4.7 - - T 118 - -
Abbott TDx - - - - - - - - 1 7.7 - - T 166 - -
Syva(EMIT) - - - - - - - - 1 4.2 - - 1T - -
Other method - - - - - - - - 1 6.2 - - T 15 - -

-, GV could not be calculated since the number of institution responded was one or zero.

Table 25. Theophvylline proficiency testing results of KAQACL in the vear of 2006 (unit, ng/mL)

06-01 06-02 06-03 06-04
Method No. oV No. oV No. oV No. oV
Lab Mean SD (%) Lab Mean SD (%) Lab Mean SD %) Lab Mean SD (%)
All methods 74 482 0.29 6.12 74 28.74 1.41 4.89 74 491 0.34 6.84 74 1435 0.79 5.53
Abbott TDx 27 474 0.22 4.7 27 28.37 1.2 425 27 485 0.29 6 27 1432 0.71 4.99

Abbott AxSym 23 479 0.26 5.22 23 28.99 1.01 3.5 22 49 029 596 22 1462 049 3.34

Cobas Integra 14 493 0.2 4.01 14 28.71 0.98 3.26 14 5,07 0.27 527 14 1455 0.41 2.8
Bayer Centaur 3 557 025 452 3 262 226 897 3 493 0.38 7.67 3 13.63 1.42 10.38
DPC Immulite 3 46 044 948 3 32.683 1.06 3.25 3 51 1.51 29.61 3 14.87 3.74 25.19
Dimension RXL 2 49 014 2.89 2 2900 085 298 2 50 O 0 2 1455 0.35 2.43
Modular P 1 4.7 - - T 271 - - 1 4.7 - - 1 13.6 - -
CEDIA 1 4.2 - - 1275 - - 1 4.6 - - 1 145 - -
J&J - - - - - - - - 1 5.8 - - 1187 - -

-, CV could not be calculated since number of institution responded was one or zero.

Table 26. Tobramycin proficiency testing results of KAQACL in the year of 2006 (unit, ng/mL)

06-01 06-02 06-03 06-04
Viethod T;b Mean SD &\/) T;b Mean  SD @/) T;b Mean SD @/) ’Cfb Mean SD (Cg/x
All methods 5 108 015 1873 5 782 095 1218 8 1.03 0.21 2072 8 4.05 0.49 12.11
Abbott TDx 2 105 007 673 2 745 007 09 4 1.06 0.17 16.5 4 389 023 5.8
Abbott AxXSym 2 1.2 014 1179 2 865 1.06 1226 3 1.14 0.06 4.85 3 453 0.06 1.27
Cobas Integra 1 0.9 - - T 6.9 - - 1 0.6 - - 1 3.2 - -

-, GV could not be calculated since the number of institution responded was one or zero.
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Table 27. Valproic acid proficiency testing results of KAQACL in the year of 2006 (unit, ng/mL)

06-01 06-02 06-03 06-04

Methoc E;b' Mean SD ((Z/Z/) E;b' Mean  SD ((2/2/) E;b' Mean SD ((2/2/) Ee?bl Mean SD &V)
All methods 83 31.0 18 581 83 109.87 58 528 88 3422 1.63 4.77 88 73.42 3.35 4.56
Abbott TDx 33 30.76 1.73 564 33 107.93 524 4.86 34 3354 166 49 34 7132 274 3.84
Abbott AxSym 26 31.44 194 6.16 25 110.64 6.08 55 27 34.89 1.45 417 27 7535 2.7 3.59
Cobas Integra 17 30.94 1.14 3.7 17 111.24 427 3.83 18 340 1.12 38 18 74.06 215 2.9
Bayer Centaur 3 29.33 0588 1.97 3 105.67 3.79 3.58 3 860 20 556 3 730 265 8362
DPC Immulite 2 305 212 6.96 2117 566 4.83 3 3483 204 595 3 75.83 9.93 13.09
Dimensin RXL 1 80.0 - - 1108 - - 1T 3.0 - - 1769 - -
Modular P 1 80.0 - - T 114 - - 1 3.0 - - 1 740 - -
CEDIA 1 37.0 - - 1127 - - 1T 40 - - 1 820 - -
-, GV could not be calculated since the number of institution responded was one or zero.
Table 28. Vancomycin proficiency testing results of KAQACL in the year of 2006 (unit, ng/mL)

06-01 06-02 06-03 06-04

Method ’C‘;b Mean  SD ((2/:/) ’C‘;b Mean SD (% ’C‘;b Mean SD @/) E;b Mean SD &\/)
All methods 29 1266 1.5 1183 29 6571 868 1322 34 1419 1.15 813 34 3848 3283 84
Cobas Integra 11 1255 049 394 11 728 3.02 415 12 1407 0.7 498 12 40.52 1.81 4.47
Abbott TDx 14.04 1.46 10.48 9 6438 898 1394 13 1489 1.33 892 13 38.48 3.64 9.46
Abbott AxSym 11.75 0.72 6.1 8 60.13 38.76 6.25 9 18.34 0.73 5.46 9 85676 2.05 5.73
Bayer Centaur 1 8.7 - - 1 443 - - - - - - - - - -

-, CV could not be calculated since the number of institution responded was one or zero.

Table 29. Ethosuximide proficiency testing results of KAQACL in the year of 2006 (unit, ng/mL)

06-01 06-02 06-03 06-04
Method g cV  No. cV  No. oV No. oV
Lab Mean  SDgn gy Mean SD g g Mean SD g g Mean 8D g
All methods 1 25.0 - - 1 1025 - - 1 278 - - 1 837 - -
HPLC 1 250 - - 1 1025 - - 1 278 - - 1 637 - -

-, CV could not be calculated since number of institution responded was one or zero.
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