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As the Therapeutic Drug Monitoring Subcommittee (TDMS) of the Korean Association
of Quality Assurance for Clinical Laboratories (KAQACL), we organised two trials as an
external quality assessment of therapeutic drug monitoring (TDM) and testing for drugs of
abuse (DOA) in 2014. In each trial, low and high level control materials for TDM testing, and
positive and negative control materials for DOA testing, were requested from institutions.
The number of participating laboratories was 107 for the first trial and 106 for the second.
The average number of drug items provided was 5.7 per institution. The most commonly
tested substances were, in descending order, valproic acid, digoxin, tacrolimus, phenytoin,
and vancomycin. The mean inter-laboratory coefficients of variation for low- and high-
level TDM control materials were 8.5% and 7.2%, respectively. The most widely used TDM
analysers were the Architect i System (Abbott Diagnostics, USA), followed by the Cobas
Integra (Roche Diagnostics, Switzerland) and the Cobas ¢501 analyser (Roche Diagnostics).
The number of participating laboratories for DOA testing was 23% higher that than in
2013. In 96.9% of cases, our analysis confirmed the suitability of the tests at participating
DOA laboratories in both trials. In the external quality assessment of TDM by the TDMS of
KAQACL in 2014, the overall performance of TDM testing was found to be similar to that
observed in the previous years, and inter-laboratory precision was higher than that in 2013.
Continuous quality improvement of TDM testing by participation in a proficiency-testing
program is necessary.

(J Lab Med Qual Assur 2015;37:12-22)
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Table 1. Response rate of the 2014 therapeutic drug monitoring proficiency testing by the Korean Association of Quality
Assurance for Clinical Laboratories, including data from the previous three years

Year
Test substances 2011 2012 2013 2014 Response rate (%)
1st 2nd 1st 2nd 1st 2nd 1st 2nd 2014 2011-2013
Acetaminophen 7 7 7 7 7 6 7 7 6.6 6.4
Amikacin 10 10 9 8 7 7 8 7.0 8.1
Amitriptyline 0 0 0 0 0 0 0 0 0.0 0.0
Carbamazepine 60 59 58 55 55 54 52 53 49.3 53.2
Cyclosporine 46 47 46 47 47 47 45 46 42.7 43.7
Digoxin 80 80 78 77 76 75 73 73 68.5 72.7
Ethosuximide 0 0 0 0 0 0 0 0 0.0 0.0
Free phenytoin 3 2 2 2 2 2 1 14 2.0
Free valproic acid 1 1 1 1 1 1 1 0.9 1.1
Gentamicin 7 7 7 7 6 5 5 5 4.7 6.1
Lithium 32 31 33 32 33 33 36 34 32.9 30.3
Methotrexate 17 17 17 17 18 18 18 16 16.0 16.2
Phenobarbital 46 46 45 43 43 41 39 37 35.7 41.2
Phenytoin 63 63 62 60 59 59 56 54 51.6 57.1
Primidone 0 0 0 0 0 0 0 0 0.0 0.0
Salicylate 5 5 6 6 5 5 5 5 4.7 5.0
Sirolimus 8 8 9 9 9 9 10 10 9.4 8.1
Tacrolimus 46 46 51 53 53 53 55 56 52.1 47.1
Theophylline 60 59 56 51 52 50 48 46 44.1 51.2
Tobramycin 6 6 5 5 5 4 4 4 3.8 4.8
Valproic acid 92 92 91 92 93 92 92 91 85.9 86.1
Vancomycin 46 47 48 49 52 51 55 54 51.2 45.7
Total no. of institutions 108 108 107 107 106 105 107 106 25.8 26.6
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Table 2. Percentage of tests carried out using a given instru-
ment for therapeutic drug monitoring at participating
institutions as assessed by the Korean Association of Quality
Assurance for Clinical Laboratories proficiency testing 2011-
2014

Name of instrument Year

2011 2012 2013 2014
Abbott Architect i System 21.1 332 374 421
Roche Cobas Integra 176 195 199 175
Roche Cobas ¢501 (Cobas 6000) 6.9 6.0 6.5 7.2
Roche/Hitachi Systems 57 58 57 42
Siemens Diagnostics Advia Centaur 1.8 2.6 3.9 42
Siemens Diagnostics Dimension 35 40 27 3.7
Beckman UniCel DxC Synchron 24 24 23 34
Siemens Diagnostics Viva-E 5.2 3.2 34 27
Abbott TDx/TDxFLx 33 23 23 20
Abbott AxSym 19.5 8.2 55 1.5
Toshiba chemistry analyzer 25 21 1.8 1.3
AVL Scientific 06 08 1.0 1.2
Waters LC/MS/MS 1.6 1.1 1.2 1.2
Olympus AU 1.7 1.8 0.9 1.0
Roche Cobas e601/E170 09 08 09 10
Nova CRT/Nucleus 09 08 09 07
Abbott Architect ¢ system/Aeroset 06 05 07 05
Agilent technologies 0 05 05 05
Siemens Diagnostics Vista - 0.4 0.5 0.5
Nova 0.2 0.2 0.2 0.3
Radioimmunoassay 0 03 03 03
Roche 9100 Series (ISE Mode) 0.1 0.5 0.2 0.3
Vitros 5,1 FS Chemistry System 09 08 06 03
Varian (AAS) 02 02 02 02
Other Methods 05 03 01 20
Total 100.0 100.0 100.0 100.0

Values are presented as %.
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5. ZuoEM 2 E7

OREE o] Halthy] B A FaseAE oA RE S
3]0l A AAE Ao SHA] eFar o R 3 7| Thol| A
= 9193] AA] oS Fharste] dE 3 A Elskdn), gk
AP S =S 7564 92 7|92 20139 5 ==
Aglat om FARANS ZF ARSI E H] ] Aol & AL
B ahA] 92 A FAI9E 2t “dn)d (peer group) = T, s
Az}, EAAA| S (standard deviation index) 7S WE), %
THAAG Fro] +3.0 T -3.08 Hlojul= 7]3ke] Ay} gk
2 Alelstal thA] Fat, FmEA}, 2 EF ARG S AL
ShAT) &, Foj7|te] ©d7|ER1 - FANA A5k
. a3 2 o] Al (coefficient of variation), 317k,
2 HUgS AbEsislnl. AvkREA] 9 BAI- 2= Microsoft
Excel 2010 (Microsoft, Redmond, WA, USA) & 1343}
Microsoft Access 2010 (Microsoft) 322 138-5- AR8-51%1

S
ok
£

2}

1. AHERAL EO{7 |2 2 ZASS

1313R= 109714 5 1077180 3)4lste] 3408 98.2%, 2
3]2R= 108713 5 106713H0] 3]41S sle] 3]41E 98.1% 3
ot 713 it JARS T BTSSR TP B T
oA Falet o EEAARS S-S valproic acid 85.9%,
digoxin 68.5%, tacrolimus 52.1%, phenytoin 51.6%,
vancomycin 51.2% 5 5EE- 054 50.0% o]/de] 7]kl A
SHeAt) TS 2 carbamazepine 49.3%, theophylline
44.1%, cyclosporine 42.7% °1aL, 10% 1T SJAle 1
o1 FE-5 sirolimus, amikacin, acetaminophen, gentamicin,
salicylate, tobramycin, free phenytoin, free valproic acid &
o] F50]9t}. Amitriptyline¥} pirimidone 7 ¢F=2] $HE
2 13]3}, 28]2F 55 0% A THTable 1).
2. dAPEH| 0|25l

A g ok 57 A] HAPdH]= Architect i System (Abbott
Diagnostics, Abbott Park, IL, USA)2] AF&-E0] 42.1% = 7}
A w=9kal, 1 tR2-2. 2 Cobas Integra (Roche Diagnostics,
Basel, Switzerland), Cobas ¢501 (Roche Diagnostics) =]
SAtH(Table 2).

3. XIZHOIBET A}
ARHFEFEAAS] WA 3 Bt WA A
8.5% 3L aEE 7.2%tHTable 3). ok E&7E A

b

{:ﬂ
N
Table 7. Proficiency testing results for the therapeutic drug monitoring of cyclosporine, sirolimus, and tacrolimus during 2014
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14-04
Mean+SD CV (%)

84.21£11.77
92.05+£7.55

14-03
Mean+SD  CV (%) No. labs

412.36+35.89
435.34+39.48

14-02
Mean+SD  CV (%) No. labs

326.30+26.75

14-01
No. labs Mean+SD CV (%) No. labs

Method

Test substances

13.98

46

8.70
9.

46

8.20
10.81

45

9.06
7.68

80.87+7.33

45

All methods
Architect i

Cyclosporine

20
02

8.

26

07

26
8
3
2
2
2

10
5

323.60+34.98

24

82.71+6.35
79.41+5.88
68.90+5.23

24

4.
20.21

76.34+3.07

8
3
2
2
2
10

4.37
4.81
10.34

399.60+17.47

4.07
0.50
9.25
8.74

325.40+13.26
12.11

8
2
2
2
2
10

7.40
7.59
6.92
1.04

8
2
2
2
2

10

Dimension
Hitachi

55.93+11.31

380.60+18.31

310.40+1.56

18.72

68.00+12.73
80.80+5.52

388.60+40.16

326.40+30.19

73.60+5.09

DxC Synchron

Waters

6.83

57

6.
15.77

341.30+29.84 394.85+25.95

311.70£37.76

81.80+0.85
74.75+6.72

96
8.67
4.30
2.04
5.83
4.29
6.08

10.00

5.

69.95+4.17

374.80£59.11

Radioimmunoassay
All methods
Architect i

Waters

5.27+0.46
5.36+0.23
4.90+0.10
4.48+0.26
4.45%0.19
4.44+0.27
4.95+£0.49
4.65+0.07
3.75+0.78

8.59
2.89
8.60
5.29
4.69

2.

9.78+0.84
10.10+0.29

95
39

7.

9.80+0.78
9.74+0.82
9.70£0.89
8.76+0.65
8.68+0.43
9.88+0.45
10.20+0

9.87

8.99
11.88

5.15%0.51
5.18+0.47
4.93£0.59
4.73£0.44
4.64£0.28
5.63+0.34
6.45+0.78
4.95£0.64
4.10£0

Sirolimus

5
3
56
42

8.

5
3
55
44

5
3

55

9.03+0.78
8.44+0.45
8.52+0.40
8.01+0.23
8.95+0.64
8.30+0.28
8.30£1.13

9.16
7.39

5.

56
42

1

9.2

All methods
Architect i

Tacrolimus

00
56

6.10

44

7
2
2
2

92
11

4.
0

4
2
2
2

6.05
12.06

12.86

4
2
2
2

Dimension
VIVA-E

Waters

7.

1.52
20.74

3.41
13.63

44
77

7.

7.6.00+0.57

1.

8.00+0.14

0

Hitachi
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Table 8. Drugs of abuse and the number of participating laboratories showing the percentage of tests that were deemed suitable
following the proficiency testing by the Korean Association of Quality Assurance for Clinical Laboratories during 2014

Participating laboratories during 2014

Test substances
14-01 (urine)

14-02 (urine) 14-03 (urine) 14-04 (urine)

d-Methamphetamine 29 (100)
Morphine, Free 25 (100)
9-COOH-11-nor-A9-THC 23 (100)
Benzoylecgonine 21 (100)
d -Amphetamine 19 (100)
Phencyclidine (PCP) 10 (100)
3,4-Methylenedioxymethamphetamine 9 (100)
Oxazepam 6 (100)
Methadone 4(100)
Nordiazepam 4(100)
Ethanol 3 (100)
Nortriptyline 3 (100)
Secobarbital 2 (100)
Propoxyphene 2 (100)
Lysergic acid diethylamide (LSD) 1 (100)

9 (100) 30 (97) 30 (97)
25 (100) 26 (100) 26 (100)
3 (100) 24 (100) 24 (100)
21 (100) 22 (100) 22 (100)
19 (95) 19 (100) 19 (100)
10 (100) 10 (100) 10 (100)
9 (100) 9 (100) 9 (100)
6 (100) 6 (100) 6 (100)
4 (100) 4 (100) 4 (100)
4 (100) 4 (100) 4 (100)
3 (100) 3 (100) 3 (100)
3(100) 3(100) 3 (100)
2 (100) 3 (100) 3 (100)
2 (100) 2 (100) 2(100)
1 (100) 1 (100) 1 (100)

Values are presented as no. of laboratories examined (% of laboratories passing).

AATRE 0| melekA ke AA b lwe) Bit, EER

A 9 ol As e el Wi, EEAAL L Wl

2 HE10] QoRslSItH(Tables 4-7). 2014 A8l X2

ORI} AP EAL] Fol BE 7]3hE e Q)
° =10

4. S2A=ZAL

g oFE AL AR ZALel gt 7|9 = 14F 32714,
22} 327130]%T}. 14-01 (urine) AT BE 713004 Aw
S HskAh A WA E]lell A= 14-02 (urine) 74%4101]/\1
d-amphetamine®ll tiajA] 17]3#0] Qe B sttt
Al 3|2l A= d-methamphetamine®l] thale] $+ 7|3l A
14-03 (urine) =9} 14-04 (urine) #A| 2% LH-S 3l
ARTFA @271 A= RITE 1 9] eS| 7]l A e
Y= TH(Table 8).

2

il

Ofeel g e W3] SRR AARESS 31e] XA ok

o

FERAL A EEAA] el719h S Algle] Al ol
2077 ) S OIF AL S

2014 71713 5= 13]3el 108713, 23]3}ell 106714

20

2 901340 H)3] 1-27]7 =715k}, 2014 B 3|28
98.2%= 20134 98.6%3F GALBISIT). 7| THd W AR

5 5. TS0 2009-20134 H 57IARE et 5,955

S GAISIRIE), P02 7 7liolA] S5 HEE R of

W3t FARSE 250191} Vancomycin, tacrolimus 5 °F=E
o] SHES 513 3A7H2011-2013) Ht $HE°) vlal 7}

H ¥hH digoxin, phenytoin carbamazepine, theophylline,
phenobarbital 59| °FEE2 SHEC] A 2014
d AA Fe]7]ae] tacrohmus ko) 3l Hir S
52.1%%= A502 50%= AAth o= F7] o]A]
AA3tE AL Q= S WHdehe o= Azt v
o] 71 2 92 theophylline . = 2011-2013
SHE©] 51.2%3A 201449 SHES- 44.1% = 7.19
59

—1]:574/\]»'4‘]’}011}\1 Z} 71| 713 H7EE flEiA] A
] 2pol & dEehA] e TEH EEEARA ]%
HI ZE04AA T ghs dER Allele] Hals

W Aseet ase AevelEAe] Ak 7& ﬁé?—f E‘io]ﬁ]-’F
} 8.5%, 7.2%% A= 5/Nde] Hit AAR 71 WolA|
A% 10.4%, s 7.9%) Blal tﬂo]ﬁ}\ | 7+Aas)
_1}:_7]— SpAkE] AL Eoﬂq_ O]:EH:] 74/\]./\21 7F WHo ] ]
o d@} FARSHATE Lithium®] 7-%- 133}l A]

]I
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Nova CRTE ARESH= 31 7]l A ARRA 52 FAE =
%}3 ‘?Qéﬂﬁ}oﬂ CV7} o5 =] vhgkont 2ol A= SrkE gk
2&litt. Cyclosporine®] 73-%- radioimmunoassay ™
FQOF“ 713ke] Wol A7t Hitr o}l =& 7S BT}
Slemens ADVIA CentaurZ ©]838}¢] vancomycine =74
sl 71ellA 13]3F Als % SdollA = A et 5 pg/
mL 7P7te] 5k w g Uehgl o) 28] 3tell A= 1A Bt
I 7R AiE BolEAT)
2014 FHEOFEAF A ERAF Fof7) i = 1, 23]3F
B 3271¥ke = 2013 1313) 257+, 23]4} 2671 ¥el] H] )
°F 23% 7ottt g oFa AL A A AHES dd
3} FARSEAANE 120114 d-amphetaminel] tiate] 17]3ko]]
A QS H s AL, 224l d-methamphetamine®]
sto] 17]3oll A 93, 578 AA| BErellA] Qs Bol ARFEA

lo mxo

S} o= H B 5 EaE R s 2ol v
G o YA oS B gk 78 A JJrL AL A

T4 QAP USAEA] oo} W-gokE Ak cut-offE A4
sk 2 a7} S} E3) 27<}°ﬂ/\1 d-methamphetaminel] oj
ato] Qhs AR 7|e] 79 o] & 7o) okl tiaiA
AR AAlEte] A Fud e /‘H‘—; LFE AYuA 3
3 71 0 7 A7) el Y- okR AL 0|2 A4} AL )3
oAM= HAFkitS] F-8718hs 1% & T8RS A
allof & 210w A7t AT

AeA o= 20144 A BA s L A=A A
7|3 = HE BARE ARRIAL, Ase B s A
2 E@7AAe] AR 3 WlolAlg= 2011-2013d W} 7ha
o Rk o7 oFEpALe] AE T} A S BAlvh @
Sk AL ol 7| = 2013390 W) 23% 71 ST
CABA R TR RS E2F 7RIS A okE oS ¢

o
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ARA(S190Y, Sl
ARG, s

), AEz(AA L), 5 % %:Hﬂ%)
SATAMEH), Fol(A=el), ol (Fdetel), o]
SeHEHF), Fee (el A (st
)
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CHEIIARIAEE 2|8 SIS ZARTIOIME 20148 5 230 ZX ARHOISEEZA W CADORATORY
= R - P : o MEDICINE

Sor2ZMO| HERANS ARSI 1815 W 2815t BF = JHA| 50| AREesE

A HEpele 02n gy Y 840 UBrE A HERISAS th [0l WAl B quALITY

7151 RRUSSEHAL Al TAl0] &OfEH 7122 1R} 10771, 2XF 10671240(UCE 712 ASSURANCE

o OIBEE ZABE S BE 575201900 7K ML TR0l S4B OBisE HASRS

valproic acid0 |11 1 CH2E digoxin, tacrolimus, phenytoin, vancomycin &0 [RULCH MsEQf sk
- |SEIO| A ZHHO A= 24 2E 8.5%, 7.2%%CH HAFEH|= Architect | System (Abbott
Diagnostics, USAYE 71 40| A5 1T, Cobas Integra (Roche Diagnostics, Switzerland), Cobas
c501 (Roche Diagnostics) 2=0|RUCt HEUSHA MBIERAL 207 [22 2013F L0} OF 23% &
76I, HHE2 1, 23|kt 25 96.7%%UCt. 20145 ASHANED S| AR EZAAIA A
R2HAZTS AL HUETE N EUCE U= HAE AlA6h= 2f GARIA= XIEHQ! A
ERANAY FHE Soff ZAS| 2E =0HLIVI0F 2 A= 2= (RUCE
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