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Annual Report on External Quality Assessment in Therapeutic Drug
Monitoring and Drug of Abuse in Korea (2009)
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Therapeutic Drug Monitoring Subcommittee,
The Korean Association of Quality Assurance for Clinical Laboratory,
Seoul, Korea

We performed two trials of external quality assessment for Therapeutic Drug Monitoring (TDM)
subcommittee of Korean Association of Quality Assurance for Clinical Laboratory (KAQACL) in
2009. The number of participating laboratories were 110, which is similar with that of previous 3
years. Average response rates were 97.8% in both trials, similar to those of previous years. Two
kinds of control materials were requested to be tested in each trial so that each institution could
find the possible systematic errors. The average drug item responded was 6.2 per institution,
which was decreased slightly from 6.5 in recent 5 years. The most common test items were
valproic acid, digoxin, carbamazepine, phenytoin, and theophylline which were peformed in more
than 63.8% of participating laboratories, followed by phenobarbital, cyclosporine, tacrolimus,
vancomycin, lithium, methotrexate, amikacin, gentamicin, acetaminophen, tobramycin, salicylate,
free phenytoin, amitryptyline, ethosuximide, and primidone. The widely used TDM analyzers were
Abbott AxSym (26.9%), followed by Abbott TDx/TDxFLx (24.8%), Roche Cobas Integra (15.1%),
Siemens Diagnostics Viva-E (5.5%), Roche cobas ¢501 (5.1%), Siemens Diagnostics Dimension
(3.4%), and many other analyzers. The inter-laboratory coefficients of variations showed similar
tendency comparing with those of the previous years. The number of participating laboratories for
drug of abuse (DOA) tests were 19, which was slightly increased compared to that of the
previous year. Average DOA items were 3.874.2. We found the good performance of participating
laboratories for DOA. In conclusion, the TDM and DOA external quality assessment of 2009
showed similar performance comparing with that of the recent 3 years.
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1. 2=

A12] Aele 20099 6€ 7ol TDMAAF 9BH (A
%) #F=#HEAA  Lyphocheck® TDM  Control
(Bio-Rad Laboratories, Hercules, CA, USA) Level
1 (09-01) ¥ Level 2 (09-02)9 ¥ $H9 84S =
11271 3] 718l dgaisict. 22 ol A8 (2im) &
=#E49 Lyphocheck® whole blood  control
(Bio-Rad Laboratories, Hercules, CA, USA) Level
1 (09-01WB) ¥ Level 2 (09-02WB) 9 ¥ T/ &
A& Cyclosporine =¥ Tacrolimus HAAFE Al3lshes &
5T 7185 tlde = sttt 1ejau Eds J=d
2l&29l Liquicheck Qualitative Urine Toxicology
Control (Bio-Rad Laboratories, Hercules, CA,
USA) Negative (09-01Urine) % Positive (09-
02Urine) 9 ¥ 7 22 2170 7138 5t
A23] 2= 20099 10€ 20¥ TDMAAL F=de &
A Lyphocheck® TDM Control (Bio-Rad Labora-
tories, Hercules, CA, USA) Level 2 (09-03) %
Level 3 (09-04) ¢ F E/<] 2425 F 11271 3 7]
e tder @Esiith. e 29 Lyphocheck™
whole blood control (Bio-Rad Laboratories, Her-
cules, CA, USA) Level 2 (09-03WB) ¥ Level 3
(09-04WB) ¢ F F7/°¢ &4< Cyclosporine E&
Tacrolimus HAFE Aldehe & 5571 73S tide= &
ettt agln dEEE F=dE]EEQA  Liquicheck
Qualitative Urine Toxicology Control (Bio-Rad
Laboratories, Hercules, CA, USA) Negative (09-
03Urine) ¥ Positive (09-04Urine)e] ¥ F7e &4
< 1870 7] 31Tt

2. ZAES 9 ek

2009 %] TDME#A AAIGE SHEgdAL A= 2
Al ZE2 acetaminophen, amikacin, amitriptyline,
ethosuximide, free

carbamazepine, digoxin,

phenytoin, gentamicin, lithium, methotrexate,
phenobarbital, phenytoin, primidone, salicylate,
theophylline, tobramycin, valproic acid,
vancomycin, cyclosporine, tacrolimus (FK-506) %
20850t A28 At U FEe e R AA|
asich. g=we] 242 ka7l 98M Lyphocheck®™
TDM control AHE- Al AL G o245 % &3]
5.0mLE ol &3alAl71M A2 1583 A9 & & &

Mol AMg3lE= &19t). Lyphocheck® Whole blood

2HE - AWE 0|2y - ool - HAIY - HAH 9

controle AAl Bdof| Eol24E &3] 2.0 mLE 9ol
L1171 Ao 2087 AlY F F A o] AlgEES

skt

3. 2nEN 3 B

AyEA 9 EAXZE Microsoft Excel 2003,
Microsoft Access 2003 2 Analyse-it Software (Ver-
sion 1.68, Leeds, England, United Kingdom)< A&
siath & 9 fE5AE TDMEes|ollx A g
Ao A a doHiR & 7| iEiAE 2 9193
AARFHZ A& ShE A7 it E=gk AAPgHE
7155 b 7HE Adxe) B F=R Ao
A AL ZF A4 FEE R An)e] AjolE nEsA] &
2 A FA 7+ ¥ (peer group) 2 Ht, ETAA}
standard deviation index (SDI) #& W=, SDI el
+3 Ee 3% vlojue 713 Ay gk AlQlsta oA
i, ZFEA, 92 SDI &= AlLkslnh &, o 73]
1 71381 Afole SACNA A=), =3k 7F E=2
Ho| A4 (coefficient of variation), HA #, 2 AW %
= ARSIt & E3913]e] TDM AAklA S8 713
ozxe] B 7IEE THAH v 2o] Agsisint
A Ao Fr=dAIe] Fert e fle A= Abs
Ao FE BRI 7ol AN, 1 ¢d o F A
A= e EQIF oz AEsisict.

(1) old ko] F 7] wke] F=de] A 4
4:3510] AH|H (peer group) SDI #e] +3 o] Ex -3
ghe] AAE HRl ASTE 2F5 ool Y e A
EE (2) o' = F 7K wRe Az HAx
Ag3le] B (peer group) SDI kel +2 ol E&
-2 MRk RS Wl A57F 4T o)de] HEE 7

=
— =
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1. Zo7 |zt U AAKAIES

FEAAl e ZAFHED LS 12N i
11271% 5 1107]1#e] sl4lel] 98.2% 931, 23 o
713 111718 5 108713e] 3AE slo] 97.3%%h
ol Admsl AR FEo® 7t 71F £ FH2 34t

B4 g2 Ae ¢4 4 K (Table 1 ¥ Fig. 1). T3t
Zy 713 3 AAL 2 e dET 6.2 207 HT 5

W 7H2004¥~2008)e] BT FTE £ AR
(Table 2).

SRR FE T AA 71HFE A ER Table 37
2ot it FEEe] Ady fARE SEES HES
3, FH2 3-9(20059~20079) el H[s] Tacroli
mus, Vancomycin &°] 7} At
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Table 1. Number of institution which responded in TDM proficiency testing in Korean Association of Quality
Assurance and Clinical Laboratories (KAQACL) in the year of 2009 comparing with those of the previous years

Trial N of institution N of institution responded Average resoonse rate
participated (response rate%) & P
First trial of 2007 110 109 (99.1%)
98.7%
Second trial of 2007 111 109 (98.2%)
First trial of 2008 114 109 (95.6%)
97.8%
Second trial of 2008 108 108 (100.0%)
First trial of 2009 112 110 (98.2%)
97.8%
Second trial of 2009 111 108 (97.3%)
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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.
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Dimension RxL, Roche A}2] Modular P ¢ Cobas
6000 9 AFgEo] 5T LithiumAAke S At
Wioly Aule] ARl glojAl HAl lithiumAAR |

714 ®o] o]g5E AH]E AbbottAle] AxSyme] AHEE
o] FFald 26.9%F 7FF ©ol AREEAR, wHhH
AbbottAFe] TDx(FLx) & AHE-EC] E04] 24.8%= Yo}
A, I 32 Rocherle] Cobas Integra 15.1%%th
(Table 4). 3% Dade Behring Ak Viva E %

97%%1 3071&<A ISE (Ion selective electrode)® ]
olgxa glol AdF} fAkek  HlEelUTE Atomic
absorption spectrophotometry (AAS)H 2 Flame
emission spectrophotometry (FES)E ©]&3 7|#%
A3} Ak ATH Table 5).
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Table 2. Number of test items per laboratories of TDM proficiency testing of 2009 KAQACL comparing with those
of recent five years

Year Average 2005 2006 2007 2008 2009
No.of 04~"08 1lst 20d Wlst QQd Wlst QQd Wlst QQd Wst erd Average
Test Items trial trial trial trial trial trial trial trial trial trial
1 7.9 6 6 5 9 11 11 11 11 12 14 13
2 11.4 10 11 12 13 12 13 13 13 14 11 12.5
3 4.6 2 3 4 5 6 6 8 8 9 9 9
4 3.9 3 3 3 3 4 5 3 3 5 4 4.5
5 7.3 8 8 8 7 8 6 8 7 5 6 55
6 16.8 18 18 16 16 17 17 17 17 15 16 15.5
7 14.8 13 15 17 19 14 14 12 11 12 9 10.5
8 9.1 9 9 8 6 12 10 12 12 11 11 11
9 7.4 7 7 9 9 7 9 4 5 8 10 9
10 3.8 2 1 2 3 5 5 8 7 5 3 4
11 2.2 3 4 3 2 1 1 1 1 2 2 2
12 3.6 3 3 3 5 5 5 3 4 2 3 2.5
13 4.5 5 4 4 4 4 4 7 6 7 6 6.5
14 1.8 2 2 3 2 2 1 1 1 2 3 2.5
15 0.8 0 0 0 0 0 1 0 1 0 0 0
16 0.1 0 0 0 0 0 0 0 0 0 0 0
17 0.1 0 0 0 0 0 0 0 0 0 0 0
18 0.5 0 0 0 1 1 1 1 1 1 1 1
19 0.4 1 1 1 0 0 0 0 0 0 0 0
Total number of g4 g 92 95 98 104 109 109 109 108 110 108 109
institutions
Average test 65 67 66 67 64 63 63 63 63 82 62 6.2
items
No. of test 20 20 20 20 20 20 20 20 20 20 20 20
items evaluated
Table 3. Distribution of test items in TDM proficiency testing in KAQACL in recent three years
Year 2006 2007 2008 2009 Response Response
1st 2nd st 2nd 1st 2nd 1st 2nd Rate(%) of Rate(%) of
Name of Drug trial trial trial trial trial trial trial trial 2009 '06~'08
Acetaminophen 6 6 7 0 7 7 7 7 6.4% Inc* 6.1%
Amikacin 12 13 13 14 15 17 15 15 13.8% Inc* 13.2%
Amitriptyline 3 2 2 2 1 1 1 1 0.9% 1.7%
Carbamazepine 80 81 83 79 76 77 74 73 67.4% 74.7 %
Cyclosporine 39 42 44 47 46 46 48 48 44.0 % Inc* 41.4%
Digoxin 85 85 88 89 87 86 85 84 77.5% 81.6%
Ethosuximide 1 1 1 1 1 1 1 1 0.9% 0.9%
Free Phenytoin 4 3 3 3 3 3 3 4 3.2% Inc* 3.0%
Gentamicin 7 7 7 7 7 8 8 8 7.3% Inc* 6.8%
Lithium 32 32 34 36 34 33 33 34 30.7% 31.6%
Methotrexate 20 19 19 19 20 20 19 19 17.4% 18.4%
Phenobarbital 63 61 62 59 58 55 56 54 50.5% 56.2 %
Phenytoin 73 71 74 73 72 71 72 70 65.1% 68.1%
Primidone 6 4 3 3 2 2 1 1 0.9% 3.1%
Salicylate 6 5 5 5 5 5 5 5 4.6% 49%
Tacrolimus (FK-506) 27 29 30 33 36 37 41 43 38.5% Inc* 30.1%
Theophylline 74 74 76 73 74 73 70 69 63.8% 69.7%
Tobramycin 5 8 8 7 7 10 7 6 6.0% 71%
Valproic Acid 83 88 92 92 91 90 92 89 83.0% 84.1%
Vancomycin 29 34 36 38 39 40 41 41 37.6% Inc* 33.9%
Total number of 98 104 109 109 109 108 110 108 31.0% 31.8%

institution responded

*“Inc” stands for the increase of both the number and the response rate of 2008 comparing with those of recent
three years (2006 ~ 2008).
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Table 4. Usage of the instrument for TDM KAQACL proficiency testing in 2009

119

Rank of Usage in

Name of Instruments 2006 2007 2008 2009 2009
Abbott AxSym 256 % 26.4 % 26.5% 26.9% 1
Abbott TDx/TDxFLx 38.9% 37.8% 35.3% 24.8% 2
Roche COBAS Integra 209% 18.8 % 17.3% 15.1% 3
Siemens Diagnostics VIVA-E 0% 0% 3.0% 55% 4
Roche cobas ¢501 (Cobas 6000) 0% 0% 1.5% 51% 5
Siemens Diagnostics Dimension 1.1% 1.5% 2.7% 3.4% 6
Roche/Hitachi Systems 1.1% 1.1% 1.6% 28% 7
Toshiba chemistry analyzer 0% 0% 0% 26% 8
Abbott Architect i System 0% 0% 0.8% 2.6% 8
Abbott IMx 40% 42% 3.3% 2.3% 10
Siemens Diagnostics ADVIA Centaur 2.5% 1.8% 0.8% 2.2 % 11
Beckman UniCel DxC Synchron 0% 0% 09% 1.5% 12
BioMerieux VIDAS 05% 05% 0.6% 1.0% 13
Abbott Architect ¢ system/Aeroset 0% 0% 0% 0.8% 14
Roche cobas e601/E170 0.3% 0.4% 0.5% 0.6% 15
e L
Waters 0% 0% 0% 05% 16
Other methods 1.2% 1.8% 0% 05% 16
Siemens Diagnostics Immulite 2000 0% 0% 0% 0.4% 19
Radioimmunoassay 0.3% 0.4% 0.3% 0.3% 20
Beckman Access/Access? 0.2% 0.2% 0.2% 0.2% 21
Vitros 5,1 FS Chemistry System 0% 0% 0.2% 0.2% 21
Roche cobas e411/Elecsys 1010,2010 0.4% 0.5% 0.3% 0.2% 21
Applied Biosystems 0% 0% 0% 0.1% 24
Sum 100 % 100 % 100 % 100 %

Table 5. Distribution of the method of lithium determination in the year of 2008 in KAQACL proficiency testing

2008
1st trial

2nd trial

2009

% of 2009

2nd trial

94.1%
59%

Principle of 2007

determination 1st trial 2nd ftrial
ISE 34

AAS 1

Sum 35

100.0 %

Abbreviations: ISE, ion selective electrode method: AAS, atomic absorption spectrophotometric method.
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Table 6. Mean between-laboratory CV of each item using low-level control materials in recent 5 years

o~ Trials 2006 2007 2008 Average of 2009 'ﬁ#g;?ﬁfoif
(2nd) (2nd) (1st) recent 5 years (1st) participated

Acetaminophen 8.1 12.3 36.2 17.8 38.8 7
Amikacin 10.1 5.3 5.6 6.8 12.3 15
Amitriptyline - - - - - 1
Carbamazepine 7.2 5.9 6.7 6.6 7.7 74
Cyclosporine 9.2 16.0 12.6 14.5 12.0 48
Digoxin 16.6 14.5 11.8 15.1 18.4 85
Free Phenytoin 7.9 8.4 6.2 18.2 20.9 3
Gentamicin 6.8 3.8 4.9 5.2 5.8 8
Lithium 15.4 17.0 19.7 19.9 18.9 33
Methotrexate 5.1 5.6 6.5 5.7 9.3 19
Phenobarbital 4.4 3.6 6.2 53 10.0 56
Phenytoin 5.5 6.4 7.3 6.9 7.3 72
Primidone 5.7 54 9.6 6.9 - 1
Salicylate 4.2 17.6 16.4 10.8 5.3 5
Tacrolimus (FK506) 17.6 25.1 16.7 18.7 27.5 47
Theophylline 6.8 4.7 5.6 55 6.4 70
Tobramycin 20.7 16.4 14.3 15.8 18.3 7
Valproic Acid 4.8 5.0 6.8 5.6 6.7 92
Vancomycin 8.1 7.1 9.5 8.5 7.5 41
Ethosuximide - - - - - -
Total mean CV 9.1 10.0 11.2 12.8 21.5

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 were regarded as random errors.
-, GV could not be calculated since the number of institution responded was one or zero.
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Table 7. Mean between-laboratory CV of each item using medium-level control materials in recent 5 years

ltem / Trials 2007 2008 2008 A;/eecrgate 601c 2009 Ailnusn;tbuet\'roif

(Tst) (1st) (2nd) Jears (2nd) oarticipated
Acetaminophen 24.7 138.1 12.9 13.1 7.3 7
Amikacin 4.2 3.8 7.5 4.8 7.0 15
Amitriptyline - - - - - 1
Carbamazepine 7.7 6.2 6.4 6.6 5.8 73
Cyclosporine 6.6 8.1 8.9 9.2 7.7 48
Digoxin 1.2 8.2 10.0 10.0 9.3 84
Free Phenytoin 6.3 8.3 13.2 11.8 28.6 4
Gentamicin 6.1 8.1 10.0 9.1 7.7 8
Lithium 22.2 17.4 13.0 18.9 14.1 34
Methotrexate 12.7 7.0 8.7 23.9 8.3 19
Phenobarbital 4.0 6.2 8.0 5.2 8.1 54
Phenytoin 6.8 4.7 4.1 57 4.6 70
Primidone 5.5 11.5 6.4 6.1 - 1
Salicylate 3.6 2.1 2.9 3.2 3.8 5
Tacrolimus (FK506) 8.3 11.3 14.9 12.8 7.8 43
Theophylline 5.0 5.1 4.3 4.9 4.1 69
Tobramycin 9.9 10.9 15.2 11.3 15.9 6
Valproic Acid 4.1 6.3 4.3 5.0 5.5 89
Vancomycin 8.4 5.9 7.6 7.4 7.5 41
Ethosuximide - - - - - -
Total mean CV 8.7 8.0 8.8 9.4 9.0

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 were regarded as random errors.
-, CV could not be calculated since the number of institution responded was one or zero.
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Table 8. Mean between-laboratory CV of each item using high-level control materials in recent 5 years

ltem / Trials 2007 2008 A;/eecrzite 6Of 2009 2009 ,\i}:::i?uetiror?f

(2nd) (2nd) Jears (1st) (2nd) oarticipated
Acetaminophen 5.3 6.2 10.9 6.7 55 7
Amikacin 5.8 6.4 5.1 6.1 8.0 15
Amitriptyline - - - - - 1
Carbamazepine 7.5 7.7 8.3 7.1 5.6 73
Cyclosporine 9.6 8.4 9.5 9.3 6.3 48
Digoxin 9.6 8.8 9.5 9.9 8.9 84
Free Phenytoin 14.0 16.1 15.5 26.4 28.1 4
Gentamicin 10.4 8.2 10.7 10.0 6.9 8
Lithium 15.5 13.5 17.2 16.2 16.3 34
Methotrexate 3.2 5.3 4.7 11.0 6.7 19
Phenobarbital 6.6 9.2 7.7 7.7 7.6 54
Phenytoin 4.9 4.8 4.7 5.3 56 70
Primidone 2.0 7.0 4.2 - - 1
Salicylate 0.8 1.2 2.0 5.3 2.3 5
Tacrolimus (FK506) 12.1 14.0 12.2 9.7 8.6 43
Theophylline 4.3 4.6 55 3.8 5.3 69
Tobramycin 10.5 15.2 10.7 16.5 17.5 6
Valproic Acid 3.9 4.6 4.9 7.0 5.4 89
Vancomycin 8.3 8.2 10.0 10.9 7.6 41
Ethosuximide - - - - -
Total mean CV 7.5 8.3

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 were due to random error.
-, CV could not be calculated since the number of institution responded was one or zero.

Table 9. Acetaminophen proficiency testing results of KAQACL in the year of 2009 (unit, ng/mL)

09-01 09-02 09-03 09-04

Method
NO- tean sD cvi#) MO Mean D v MO Mean D cvie) N Mean SO cvi%)
Lab Lab Lab Lab

All' methods 7 7.56 2.93 38.8 7 96.41 6.45 6.69 7 3256 2.39 7.34 7 96.93 529 546

Roche Integra 5 7.78 0.44 5.63 5 0438 2.87 38.04 5 3208 0.78 2.27 5 9464 1.76 1.86

Abbott TDx 1 12 - - 1 110 - - 1 375 - - 1 108.3 - -

Cobas 6000 1 2 - - 1 93 - - 130 - - 1 97 - -




TDM U HRASAHAL AIZFAL ZTHE T(2009) 123

Table 10. Amikacin proficiency testing results of KAQACL in the year of 2009 (unit, ng/mL)
09-01 09-02 09-03 09-04

0. o NO. o No. oy NO. o
Lab Mean SD CV(%) Lab Mean SD  CV(%) Lab Mean SD CV(%) Lab Mean SD CV(%)
All methods 15 3.61 044 1225 15 3321 202 6.09 15 16.17 1.14 7.02 15 34.36 2.75 7.99
Abbott(TDx) 7 351 042 119 7 3325 274 824 7 16.95 1.14 6.7 7 3545 2.1 5.94

Method

fw?ebgarsa 5 38 039 1036 5 3308 1.7 5.14 5 1544 0.65 4.21 5 3436 2.02 588
Toshiba 2 36 085 2357 2 3345 0./8 238 2 15556 0.78 5 2 30.45 4.88 16.02
Cobas 6000 1 3.3 - - 1 33.2 - - 1 1566 - - 1 346 - -

Table 11. Amitriptyline proficiency testing results of KAQACL in the year of 2009 (unit, ng/mL)

09-01 09-02 09-03 09-04
Method
No- pean  SD ov#%) MO Mean sD ov#) N Mean  SD v N Mean SD cv(%)
Lab Lab Lab Lab
Abbott TDx 1 281 - -1 843 - - 1 B5Q - -1 902 - -

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

Table 12. Carbamazepine proficiency testing results of KAQACL in the year of 2009 (unit, ng/mL)
09-01 09-02 09-03 09-04

Method
NO- Miean  sD ovi%) MO Mean D v NO Mean s v N Mean SD v
Lab Lab Lab Lab

All methods 74 284 022 774 74 1551 1.1 708 73 912 0563 5679 73 154 0.86 5.59
Abbott AxSym 27 286 0.183 4.38 27 1563 1.01 648 28 9.13 059 6.5 28 1568 0.71 455
Abbott TDx 17 289 018 447 17 15,01 058 386 183 9.05 029 316 183 15623 0.75 4.9
Cobas Integra 11 2.95 0.1 329 11 169 061 361 12 915 061 6.656 12 1588 0.95 598

Cobas 6000 4 2.7 0.32 1.1 4 164 076 495 5 924 0231 339 5 15.58 0.66 4.24
VIVA-E 4 273 013 462 4 15615 084 5586 4 9567 03 3.12 4 15.08 0.82 2.12
Hitachi 3 283 015 5.39 3 15647 032 208 4 89 0.66 7.4 4 148 114 7.7
Dimension 2 2.7 0.14 b5.24 2 18365 03 259 2 9 0.28 3.14 2 15,15 0.78 56.13
Toshiba 2 305 007 232 2 1562 028 18 2 96 0.28 2.95 2 15,15 0.07 0.47
Centaur 121 - - 1123 - - 1 8.46 - - 11848 - -
Immulite 2000 1 3.4 - - 1 16.6 - - - - - - - - - -
Immulite 1000 1 2.4 - - 115 - - - - - - - - - -
DxC Synchron 1 2.6 - - 1T 141 - - 2 85 0.71 8.32 2 139 1.41 1017

-, CV could not be calculated since the number of institution responded was one or zero.
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Table 13. Cyclosporine proficiency testing
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results of KAQACL in the year of 2009 (unit, ng/mL)
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09-01 09-02 09-03 09-04

\ethod T;b Mean SD CV(%) E;b Mean SD CV(%) T;b Mean SD CV(%) E‘;b Mean SD  CV(%)
All methods 48 7841 9.38 11.97 48 382.31 3553 9.29 48 20249 1557 7.69 48 378.92 23.92 6.31
Abbott TDx 19 8261 7256 877 19 379.365 26,86 6.82 15 208.14 13.06 6.27 15 385.35 10.05 2.61
Abbott AxXSym 10 66.72 22.69 34.01 10 357.6 49.56 13.86 9 210.04 30.72 1462 9 386.12 4507 11.67
Dimension 5 8216 257 313 5 409.06 1.87 046 5 203 9.7 478 5 8389.14 8.35 215
VIVA-E 4 7735 576 744 4 41628 1261 3.08 5 199.16 10.39 522 5 36242 11.2 3.09
RIA 2 755 16.26 21.54 2 345 110.83 31.97 2 190.5 568.69 30.81 2 360 111.72 31.08
Toshiba 2 745 495 6.64 2 4025 3889 966 2 1955 1202 6.15 2 3805 2475 6.42
Architect 2 8797 33 38 2 4156 1326 3.2 5 196.6 12.05 6.13 5 381.68 11.83 3.1
Cobas Integra 2 70 424 6.06 2 3375 495 147 2 203 21.21 1045 2 378 33.94 91
Centaur 17654 - -1 34001 - - 2 20924 6 287 2 8775 13.44 356
Biosystems 1 78 - - 1387 - - 1 1944 - - 1 370.9 - -
-, GV could not be calculated since the number of institution responded was one or zero.

Table 14. Digoxin proficiency testing results of KAQACL in the year of 2009 (unit, ng/mL)

09-01 09-02 09-03 09-04

oo E‘;’b Mean SD CV(%) E‘;’b Mean SD CV(%) E‘;’b Mean SD CV(%) E‘;’b Mean SD CV(%)
All methods 86 0.66 0.12 1841 85 29 029 985 84 166 015 927 84 297 020 89
Abbott AxSym 26 0.65 0.08 1274 25 284 0.2 7.07 25 161 011 655 25 287 019 06.46
Abbott TDx 17 056 008 1406 17 263 019 704 ©6 136 037 2707 6 258 05 19.28
Cobas Integra 1 077 011 1434 11 319 026 8256 12 179 0.06 312 12 316 017 544
VIDAS 7 061 005 78 7 278 013 4.71 6 158 0.09 559 6 289 014 498
Cobas 6000 5 072 004 528 &5 315 004 132 ©6 18 0.12 6.68 6 3.2 0.2 6.18
Modular E-170 4 071 009 1262 4 33 012 346 4 173 012 6.82 4 38 0.11 38.22
VIVA-E 3 054 0.05 9.8 3 271 009 33 3 137 0.08 ©6.06 3 27 013 4.97
Centaur 3 063 012 1828 3 2.8 0.1 3.57 5 166 011 6.55 5 281 013 477
Hitachi 2 0.8 0 0.03 2 31 0 0.02 38 177 006 327 3 3.1 0.2 6.45
Toshiba 2 077 01 1286 2 311 001 045 2 177 004 24 2 307 018 599
Dimension 2 0.68 0.01 .06 2 293 003 097 2 176 0.06 3.21 2 313 003 0.9
Beckman Access 1 0.71 - - 1 2.87 - - 1 1.5 - - 1 263 - -
Elecsys 1 0.6 - - 1 3.04 - - 1 1.87 - - 1 3.62 - -
DxC Synchron 1 04 - - 1 26 - - 2 15 0 0 2 285 0.07 248
Immulite 1 0.85 - - 1 3.04 - - 1 2.09 - - 1 3.63 - -
Architect | - - - - - - - - 4 1.5 0.09 598 4 274 012 43
Architect ¢ - - - - - - - - T 17 - - 1 2.8 - -

-, GV could not be calculated since the number of institution responded was one or zero.
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Table 15. Free phenytoin proficiency testing results of KAQACL in the year of 2009 (unit, ng/mL)

09-01 09-02 09-08 09-04

Method N N

0. o No. oy No. o 0. ‘o
Lab Mean SD CV(%) Lab Mean SD CV(%) Lab Mean SD CV(%) Lab Mean SD CV(%)

All' methods 3 075 016 208 3 199 062 2642 4 1.4 0.4 2864 4 198 055 28.06
Abbott TDx 3 075 016 208 3 199 052 2642 4 1.4 0.4 2864 4 198 055 28.06

Table 16. Gentamicin proficiency testing results of KAQACL in the vear of 2009 (unit, ng/mL)

09-01 09-02 09-03 09-04
Methoo E;b Mean SD CV(%) ’C‘;b Mean SD CV(%) ’C‘;b Mean SD CV(%) ’C‘;b Mean SD CV(%)
All methods 8 303 018 6579 8 7.02 0.7 997 8 b6 043 772 8 6.99 048 6.89
Abbott TDx 4 305 024 78 4 748 037 493 3 6.0 0.2 3838 3 7.3 022 3.006
Abbott AxSym 2 3.0 014 471 2 7.05 007 1.0 3 557 021 374 3 7.0 0.46 6.55
Cobas Integra 2 3.0 014 471 2 6.1 0.71 1159 2 505 021 42 2 6.45 0.35 548

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

Table 17. Lithium proficiency testing results of KAQACL in the year of 2009 (unit, mmol/L)

09-01 09-02 09-03 09-04
\ethoo E‘;b Mean SD CV(%) Taob Mean SD CV(%) E:b Mean SD CV(%) E‘;b Mean SD CV(%)
All methods 33 051 0.1 18.89 33 219 035 16.18 34 146 021 1411 34 226 037 16.26
Vitros 5 066 004 666 5 24 006 262 5 1.6 007 435 5 239 006 2.6
Nova CRT 4 049 004 835 4 258 027 1044 9 1.64 02 1234 9 267 04 15.03
Cobas Integra 4 048 001 206 4 20 014 683 6 1.34 005 398 6 203 009 4.24
AVL Scientific 4 0.45 0.05 1022 4 197 028 145 5 137 018 1324 5 221 02 924
Nova 3 056 006 1098 3 268 043 1617 - - - - - -
Dimension 3 0383 004 1054 3 1.78 006 32 2 117 005 425 2 179 006 3.57
Abbott AxSym 2 05 001 14 2 244 033 1365 - - - - - - - -
Cobas 6000 2 054 006 1168 2 1.96 005 252 2 1.34 006 422 2 199 001 0.71
Vitros DT60 |l 1 06 - - 121 - -1 15 - -1 22 - -
Medica EasylLyte 1 0.52 - - 1 2.2 - - 1 1.42 - - 1 2.22 - -
DxC Synchron 1 04 - - 1 1.9 - - 1 1.2 - - 1 1.9 - -
Roche 9100 1045 - -1 208 - - - - - - - - - -
Perkin Elmer 1047 - -1 184 - -1 128 - -1 187 - -
Varian 1 058 - -1 182 - -1 13 - -1 19 - -

-, CV could not be calculated since the number of institution responded was one or zero.
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Table 18. Methotrexate proficiency testing results of KAQACL in the year of 2009 (unit, umol/L)

09-01 09-02 09-03 09-04
Method No. Mean SD CV(%) No. Mean SD CV(%) No. Mean SD CV(%) No. Mean SD CV(%)
Lab Lab Lab Lab
All methods 19 0.4 0.04 9382 19 954 1.05 11.03 19 1.28 0.11 825 19 9.34 0.63 6.71

Abbott TDx 17041 003 828 17 97 097 996 15 128 0.1 814 156 93 046 49

Cobas Integra 1 0.4 - - 1 8.89 - - 2 17 001 1.21 2 878 016 1.77
VIVA-E 1 0.32 - - 1 7.5 - - 1 1.38 - - T 1 - -
Hitachi - - - - - - - - 1 1.4 - - 1 3.4 - -

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

Table 19. Phenobarbital proficiency testing results of KAQACL in the year of 2009 (unit, ng/mL)

09-01 09-02 09-03 09-04

Method
emne NO-ptoan SO ovi%) Mo Mean sD cvi) N Mean SO ovs) MO Mean sD cvi)
Lab Lab Lab Lab

All' methods 5% 996 1.0 10.02 56 5019 384 7.65 54 2524 203 8.05 54 4963 379 7.64
Abbott TDx 19 106 098 932 19 51.39 574 11.17 13 26.3 1.756 6.64 13 50.42 3.59 7.11
Abbott AxSym 17 104 097 0932 17 50.26 396 789 18 2496 234 937 18 49.156 406 8.26
Cobas Integra 8 9.21 066 7.16 8 484 243 5.02 7 246 0.7 286 7 4827 18 374

Cobas 6000 4 8.82 0.22 251 4 5015 1.49 297 5 2442 092 3.77 5 496 3.01 6.06
VIVA-E 3 9.9 0.7 7.07 3 535 365 6.82 3 28.13 0.67 2.37 3 56523 176 3.19
Toshiba 2 8.35 0.21 254 2 501 0.14 0.28 2 248 0.85 3.42 2 49.75 0.07 0.14
Centaur 1 8.8 - - 1 5882 - - 1 26.95 - - 1 56.01 - -
DxC Synchron 1 9.5 - - 1 450 - - 2 242 1.56 6.43 2 483 3.96 8.2
Hitachi 1 9.1 - - 1 488 - - 2 245 0.71 2.89 2 4825 0.07 0.14
Architect - - - - - - - - 1 20.29 - - 1 40.57 - -
-, CV could not be calculated since the number of institution responded was one or zero.
Table 20. Phenytoin proficiency testing results of KAQACL in the year of 2009 (unit, ng/mL)
09-01 09-02 09-03 09-04

Method NO- hjean s cvi#) MO Mean SO v MO Mean sD cvio) N Mean SO cv)

Lab Lab Lab Lab

All' methods 72 6.74 049 73 72 2298 1283 5634 70 187 063 4569 70 229 128 557
Abbott AxSym 22 6.99 0.24 3.44 22 2297 0.9 3.9 23 1405 043 3.04 23 2312 091 393

Abbott TDx 20 6.98 044 626 20 2288 0.89 388 14 183.69 046 337 14 2265 063 277
Cobas Integra 12 6.19 0.28 459 12 226 1.23 544 13 132 047 359 13 2216 1.12 5.04
Cobas 6000 4 613 03 488 4 2275 079 349 b5 1294 057 439 5 2154 099 458
VIVA-E 4 638 03 6.06 4 2578 253 983 4 1858 039 285 4 2417 177 7.34
Hitachi 3 643 0156 237 38 2287 081 366 4 1322 046 351 4 2235 087 3.87
Dimension 2 74 0.28 382 2 26.06 092 3563 2 15565 049 318 2 2595 035 1.36
Toshiba 2 705 021 301 2 232 042 183 2 1465 035 241 2 233 007 0.3
DxC Synchron 1 6.2 - - 1229 - - 2 1405 007 05 2 2365 021 09
Centaur 1 7.2 - - 1 2438 - - 1 14.52 - - 1 26.39 - -

Immulite 1 6.0 - - 1 221 - - - - - - - - - -

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

Table 21. Primidone proficiency testing results of KAQACL in the year of 2009 (unit, ug/mL)

09-01 09-02 09-03 09-04
Method — No. o on 5D cvi#) N Mean sD ovi#%) MO Mean sD ovi%) N Mean SD Cv(%)
Lab Lab Lab Lab
Almethods 1 29 - - 1 110 - - 1 57 1 118 - -
HPLC 1 29 - - 1 110 - - 1 57 -1 18 - -

-, GV could not be calculated since the number of institution responded was one or zero.
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Table 22. Salicylate proficiency testing results of KAQACL in the year of 2009 (unit, mg/dL)

09-01 09-02 09-03 09-04

Method N No.

0. 9 9 No. (o No. 9/
Lab Mean SD CV(%) Lab Mean SD CV(%) Lab Mean SD CV(%) Lab Mean SD CV(%)

All' methods 5 6.03 03 531 5 450 115 26 5 1706 065 38 5 4474 102 229
Cobas Integra 4 59 0.06 1.0 4 444 047 106 4 1691 066 3.9 4 447 118 2.63
Cobas 6000 1 6.5 - - 1 46.6 - - 1 17.6 - - 1 449 - -

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

Table 23. Tacrolimus (FK-506) proficiency testing results of KAQACL in the year of 2009 (unit, ng/mL)

09-01 09-02 09-03 09-04

Method
No- ean  sD ovi%) Mo Mean sD cvi%) MO Mean sD cvi% MO Mean SO Cv%)
Lab Lab Lab Lab

All methods 41 3.02 0.83 2745 41 1803 1.76 9.73 43 9.5 0.74 7.77 43 1819 156 8.57
Abbott IMx 1 18.98 1.8 8.3 1 9.64 0.8 8.28 18 18.89 1.92 10.18
16.66 0.96 6.1
18.64 1.01 539 1
17.92 1.21  6.78
18.27 1.46  8.01
6.6 1.41 8.52

3.62 047 13.04 1
8.98 064 719 7 1801 072 4.0
9.79 116 11.81 10 1876 2.67 14.26

1.65 0.44 26.48
Architect | 273 0.14 506

6
Dimension 7
7

VIVA-E 6 358 0.34 947
3
2

9.9 0.57 5.71 71823 075 4.1
8.07 1.33 16.51 3 16.1 2.79 17.31
977 025 2588 3 1813 1.1 6.05

2.87 021 7.26
2.5 0.28 11.87

\Waters

N W oo N~ o
W W N o ~w

Architect ¢

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

Table 24. Theophylline proficiency testing results of KAQACL in the year of 2009 (unit, ng/mL)

09-01 09-02 09-03 09-04

Method
No- ptean  sD ovi#%) N Mean D v N° Mean sD ovie) N Mean SD ov%)
Lab Lab Lab Lab

All' methods 70 499 032 641 70 2912 111 3.81 69 147 06 409 69 2933 155 538
Abbott AxSym 21 5,02 0.23 451 21 2954 1.03 347 22 1474 064 431 22 2959 16 539
Abbott TDx 20 477 037 769 20 2856 1.15 403 13 1455 038 261 13 28.64 063 218

Cobas Integra 9 5614 036 7.02 9 2952 053 1.79 11 1402 054 361 11 29.08 1.2 4.3
Cobas 6000 4 488 0.17 3.5 4 2918 1.01 347 4 1453 0.76 5.22 4 2925 0.67 2728
VIVA-E 4 495 013 261 4 2847 067 234 4 156562 139 8.96 4 3192 159 4.99
Hitachi 2 52 0 0.08 2 294 1586 529 3 1463 0.72 4.94 3 30.37 0.85 28
Toshiba 2 46 0.7 123 2 297 071 238 2 1346 0.79 5.88 2 26.2 1.98 7.56
Dimension 2 5.2 028 544 2 2965 0.92 3.1 2 148 0.14 0.96 2 29.65 0.21 0.72
Immulite 2000 1 5.9 - - 1 381 - - 1 137 - - 1 274 - -
Immulite 1000 1 5.1 - - 1 36.1 - - 1 175 - - 1 3568 - -
DxC Synchron 1 5.3 - - 1 288 - - 2 15636 0.07 0.46 2 30.75 1.06 3.45
Architect 1 4064 - - 1 2616 - - 2 1495 0.07 0.47 2 278 028 1.02
Vitros 1 5.5 - - 1 396 - - 1 175 - - 1 869 - -
Centaur 1 5.4 - - 1 303 - - 11561 - - 1299 - -

-, GV could not be calculated since number of institution responded was one or zero.
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Table 25. Tobramycin proficiency testing results of KAQACL in the year of 2009 (unit, ng/mL)

09-01 09-02 09-03 09-04
\ethod E,fb Mean SD CV(%) E;b Mean SD CV(%) E;b Mean SD CV(%) anb Mean SD CV(%)
All methods 7 083 015 1826 7 764 126 1648 6 355 056 1591 6 783 1.37 175
Abbott TDx 8 077 006 753 3 743 015 205 2 35 0 0 2 74 028 382
Abbott AXSym 3 0.97 006 627 3 866 036 418 3 393 015 38 3 88 1.0 11.36
Cobas Integra 1 0.6 - - 1 5.2 - - 1 2.5 - - 1 5.8 - -

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

Table 26. Valproic acid proficiency testing results of KAQACL in the year of 2009 (unit, ng/mL)

09-01 09-02 09-03 09-04

Method
No. Mean SD CV(%) No. Mean SD CV(%) No. Mean SD CV(%) No. Mean SD CV(%)
Lab Lab Lab Lab

All' methods 92 3624 236 6.7 92 1200 843 703 89 7513 413 5565 89 1212 6.52 538
Abbott AxSym 31 8646 1.71 482 31 120.3 6.0/ 505 33 7479 283 378 33 1208 321 2.66
Abbott TDx 25 3392 218 6.44 25 1178 42/ 362 16 7354 246 335 16 1206 3.94 3.27

Cobas Integra 12 34.04 1.86 548 12 1175 846 72 14 7438 198 266 14 1199 491 4.1
Hitachi 4 3248 296 9.12 4 1110 116 1047 4 7317 484 6.62 4 1204 6.21 515
Cobas 6000 4 37.356 211 5.66 4 18314 180 991 b5 76.92 402 523 5 1236 7.88 6.37
VIVA-E 4 395 1.23 811 4 1338 1.14 086 4 86.27 434 503 4 1383 254 1.83
Centaur 3 370 1.73 4.68 3 1193 5651 462 4 7547 273 361 4 1168 2562 217
Toshiba 2 39.05 0.07 0.18 2 1817 042 032 2 860 283 329 2 1333 247 1.86
Dimension 2 3715 191 514 2 1202 474 394 2 779 071 091 2 1200 283 236
Architect 1 342 - - T 147 - - 1 750 - - 1T 1120 - -
DxC Synchron 1 30.0 - - 1 1040 - - 2 6925 884 1276 2 1079 6.86 6.36
Immulite 1000 1 38.0 - - T 1810 - - - - - - - - - -
Immulite 2000 1 39.5 - - 1 136.0 - - 1 66.9 - - 11080 - -
Other 1 340 - - 1 101.0 - - 1 823 - - 11316 - -

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

Table 27. Vancomycin proficiency testing results of KAQACL in the year of 2009 (unit, ug/mL)

09-01 09-02 09-03 09-04

Method
eho No- pean 5D ovi%) MO Mean D ovi%) N Mean D cvie) N° Mean SO cv®)
Lab Lab Lab Lab

All' methods 41 1822 099 748 41 707 7711091 41 3721 278 746 41 71.05 543 7.64
Abbott TDx 14 1417 151 1066 14 71.01 10.3 14.52 9 36.47 2.33 6.38 9 67.13 349 5.2

Abbott AxSym 11 12,69 0.68 538 11 68.83 44 643 12 3666 1.16 3.26 12 68.83 3.93 5.71
Cobas Integra 10 13.32 0.5 3.7/8 10 79.02 12.2 1537 11 40.04 1.42 355 11 75.08 3.49 4.65

Cobas 6000 2 1175 092 7.82 2 7045 7.42 10.54 3 39.67 3.61 9.1 3 7.7 94 131
VIVA-E T 117 - - 1 734 - - 1 34.0 - - 1 722 - -
Architect 1 1263 - - 1 6316 - - 2 3542 314 8.86 2 7471 116 15.53
Toshiba 1 148 - - 1 70.0 - - 1 36.0 - - 77T - -
Centaur 1 85 - - 1 520 - - 1 26.31 - - 1 5096 - -
DxC Synchron - - - - - - - - 1 319 - - 1 714 - -

-, CV could not be calculated since the number of institution responded was one or zero.
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Table 28. Ethosuximide proficiency testing results of KAQACL in the year of 2009 (unit, ng/mL)

129

09-01 09-02 09-03 09-04
Method
No.Lab Mean SD CV(%) No.Lab Mean SD CV(%) No.Lab Mean SD CV(%) No.Lab Mean SD CV(%)
HPLC 1 29.9 - - 1 110.1 - - 1 74.4 - - 1 1Mm.7 - -

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

Table 29. The participating laboratories for drug of abuse in the proficiency testing of KAQACL in the year of

2009

The kinds of laboratories 2007-1st 2007-2nd 2008-1st 2008-2nd  2009-1st 2009-2nd
University hospital laboratory 6 8 10 12
Independent Medical 4 4 4 4
laboratory

Community hospital 3 5 3 3
laboratory

Total 13 17 17 15 17 19

*Average numbers of drug of abuse items were 3.2 for 1st trial and 4.8 for 2nd trial.

Table 30. The items of drug of abuse and the number of participating laboratories with percent of correct
answer in the proficiency tesing of KAQACL in the year of 2009

N (% of correct answer) of participating laboratories in 2009

No.  Name of drug of abuse test
1st 2nd
1 d-Methamphetamine 12 (100%) 14 (100%)
2 d-Amphetamine 11 (100%) 11 (100%)
3 Morphine, Free 8 (100%) 10 (100%)
4 9-COOH-11-nor-A9-THC 8 (100%) 9 (100%)
5 Benzoylecgonine 8 (100%) 9 (100%)
6 Phencyclidine (PCP) 6 (100%) 8 (100%)
7 3,4-Methylenedioxymethamphetamine 3 (100%) 2 (100%)
8 Oxazepam 2 (100%) 3 (100%)
9 Nordiazepam 2 (100%) 3 (100%)
10 Nortriptyline 1 (100%) 3 (100%)
11 Secobarbital 2 (100%) 3 (100%)
12 Ethanol 1 (100%) 1 (100%)
13 Methadone 1 (100%) 3 (100%)
Total 65 79
n = o] H 3zt AR £Eo R o o) 1 XE vt
= 2AZ ¢ F UAgT (Table 1, Fig. D(1). 3l&L 4
el =23 TDMEZLIE3]e] '09d% AlH T 97.3%% && 55 #3818 ‘ﬂr(Table D. 7P #
T AR ddmel 2ol 23] Ao, A7t 713 2 71FoA gale ks F= HA FE5-2 valproic acid,
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digoxin, carbamazepine, phenytoin %, theophylline
T b THOEAM 63.8% ol 7lHelA SHEst
(Table 3). TH&S& phenobarbital, cyclosporine,
vancomycin, tacrolimus, vancomycin, lithium,
methotrexate, amikacin |3, 10% wRk] A&
HQl FE-2 gentamicin, acetaminophen, tobramycin,
salicylate, free phenytoin, amitriptyline,
ethosuximide, primidone T2Z ddz} fAIRE o]
=l cyclosporine, tacrolimus % vancomycin 2| $
HES 73] Skt Table 3). %3 7 7| & A
AL FE e ET 6.28ECR HT H/ld 22003
d~20079)°] "t T 6.555 vl 0.3 T
_/,\‘-5].0:] /\}Q_o] u};q oo 74}\} ZHOo Zr/]—s]:: 7-1&0]
&S & 4 JStH(Table 2 2 Table 3). AME- 713
=y %ﬁlﬂt Zo& 47l TDx/TDxFLx®] AF&gﬂ
1, "WhA AxSym, Cobas Integra & H|&
%A}'S}a’ﬂgtﬂ il Viva-E, cobas ¢501, Dimension,
Abbott Architect ¢ AH&-Eo| X254 F7kshy thst
3= A& & 5 AUATHTable 4). oWl 7t 7138 3
7Fe SleliA ZHAE 7159 AelE e e $Ed
SDIZHE ZAF 7189 SDIghS ¥E® BHusiglrh A=y
AAE 7183 W] AlrE Hede] 54 TEEE Hwslo]
Hoks wf, odd] Hla] & WPl dAE FrHTable
7,8,9). = AT ZAPEIE AR odd fARsE
ot HAl 71%e] tRiglE = As 4 4 AUt (Table
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B 7Vt (Table 29-30).
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phenytoin, amitryptyline, ethosuximide, primidone
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