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Background : Therapeutic drug monitoring (TDM) of tacrolimus is essential because of narrow
therapeutic range and poor correlation of dose to blood concentration. Affinity Column Mediated
Immunometric Assay (ACMIA) does not require a pretreatment steps in measurement of tacrolimus.
In this study, we evaluated the performance of tacrolimus assay using ACMIA (Dimension RxL Max,

Dade Behring).

Methods : The imprecision, the linearity and the detection limits and the interferences by bilirubin
and chyle, and correlation with hematocrit for tacrolimus by ACMIA were evaluated according to
Clinical and Laboratory Standards Institute guidelines EP5-A2, EP6-A, EP17-A, EP9-A2, and EP7-
A2. Method comparison studies with microparticle enzyme immunoassay (MEIA) (IMx Tacrolimus
|1, Abbott Laboratories) and liquid chromatography-tandem mass spectrometry (LC-MS/MS) (Waters
2795 Quattromicro API, Micromass) were also performed.

Results : The total imprecision for low, middle and high level was 12.8%, 9.0% and 6.7%, respec-
tively. The range of tacrolimus from 3.1 ng/mL to 35.4 ng/mL showed a clinically relevant linearity.
The limit of detection and the functional sensitivity were 0.24 ng/mL and 0.72 ng/mL, respectively.
Tacrolimus concentration measurement (Tac-CM) with ACMIA did not show significant interferences
with bile and chyle and also did not show significant correlation with hematocrit. In comparison study
for Tac-CM with MEIA and LC-MS/MS, Tac-CM with ACMIA showed a good correlation with MEIA
(r=0.950) and LC-MS/MS (r=0.946).

Conclusions : The imprecision, linearity, detection limits, interference and correlation of Tac-CM
with ACMIA were suitable for clinical use. Tac-CM with ACMIA could reduce turn around time and
help clinicians to manage transplant patients on immunosuppressant therapy. (Korean J Lab Med

2009,29:415-22)
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A&l sl ul= FDAS] 3218 Wk HAAAA| = AL, A
© 2t ol9lef o 1y A7) 9 2ERA|E o]4] £ o}
Al ARET Q= eFA|o|tH2, 3], Tacrolimuse T "X U]
calcineurin® 2/4& AAIRFo2H WA A 22 LERH,
k& 7} cyclosporine®] H]3l 10-1008] ¢ s=tH4], 3HA7F &%
A& e HePE L oS8l Hgt E5s=o A 1
7} U#o | cytochrome P450& 53l tiALElE ThE oFE3}9]
A5AE o] Ueh7| digoll, @F5dEss 4= 33 A
24 oFF %% ZYHH(therapeutic drug monitoring, TDM)

o] Z=2]o|th1-10].

20074 College of American Pathologists (CAP)2] CSM
survey Immunosuppressive Drugs Participant Summary
Report [11, 12] 9 2006 Hr A A =32 @3] TDM
el Elo] TDM AAF A AR AapRa[13]e] foidt
713 % 80% ©]%°] microparticle enzyme immunoassay
(MEIA)E ©]4-3F IMx analyzer (Abbott Laboratories, Abbott
Park, IL, USA)E AR5 tacrolimus?] @55 &4 A3
& Busiglet skANE MEIA= AA9] AdAfe] sgo] L4544
o ¥t otyg} tacrolimus HAMEE 9 HE -84 E(hema—
toerit)oll &3l tacrolimus®] B&5E S4ol @Al Uol

= 5 AAL REol et ol 7HA] AR o] Harw
tHl, 4, 7-10]. oo AREL AAe)7F Bags 2L W
k4 249l affinity column mediated immunoassay
(ACMIA)E ©]-83t Flex TACR (Dimension RxL Max, Dade
Behring, Malburg, Germany)9] tacrolimus E35= &4
4352 CLSI (Clinical and laboratory standards insti—
tute)d] x|l 7|uketo] AU, A, A4, e 7171¢
of Fehd, Sl R Agskst - dHHAL gl o3t 1H] F
of thsto] EAISHGIT,

12 2

M2 o

1. MU= (precision) H7}t

AN 7H] = H=de =5 (Level 2 [Lot No 52552], Level
3 [Lot No 52553, Level 4 [Lot No 525541, TACR Flex®Lot
FA8026, Dade Behring, Newark, DE, USA)Z} tacrolimus
55527t 20 ng/mL o)/l ko] dols gsto] S 4
A 5 & 7R = Ao 2 CLSI EP5-A2 [14]0) wef, 7t
sl disf 19 23], 13] 2914 3= 57t 455¢F ACMIAR

tacrolimus =& Mg Z74313itt, 54 Zil+= EP Evaluator

S - ol=8 -

;
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Release 7 (David G. Rhoads Assoc., Kennett square, PA,
USA)Z o]8-5}o] AL Ul(within run) U=, HAF ZHbetween
run) A9E AAMA 7Hbetween day) AU, Z(total) AE

w=of sy B7Fskr.

2. MM (linearity) H7t

CLSI EP6-A [15]°]] w2} Dimension TACR CAL Lot 7JD—
001 (Dade Behring) level 2 (3.1 ng/mL)Z} level 5 (35.4 ng/
ml)E &3}5te] 5714 5%9] poold FHISHAT o5 559

H9= 85 tacrolimus®] A= H[1IL} A=A A AR S

7 ¢l (analytical measurement range)S alsto] AAs}
g0m], 24219] w04 ACMIAZ 28] W1 Z45t0] e 7
< EP Suite version 6.0 (MarChem Associates Inc., Concord,
MA, USA)el {&Edste] 71 & gh= o4 (best—fit polyno—
miah & T3 1H40) Lo A% 4ol SAEks 2
o2 AL, ofgk4lo] 2= 9ol Martin 52 £3[16]
ofl 7]2819) QP02 oful7} sl 4] HHAARIAS o
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CLSI EP17-A [17]e]] &3}, 7173t tacrolimus T|ARE-A+]
s ACMIARE 203] BHE: Z7gsto] AARE Hat gloll 58
212] oHjE gt e Aﬁ\_lg— AESHAI(limit of detection,
LOD)Z A3, AEsHa W7 (biological sensitivity, bio—
logical detection limit)+= Dimension TACR CAL Lot 7BD025
(Dade Behring) level 1 (0.0 ng/mL)# level 2 (2.7 ng/mL)&
1112 333t spike €95 ACMIAR 203] ¥HE: 24510 SDS
T8, LOD gholl A& o] 13T spike §42] SDgS] 281E ¢
sto] AASIATHI8), 7154 WA= (functional sensitivity)s=
Dimension TACR CAL Lot 7BD025 level 13} level 25 T
Ao g T3sto] 0.0 ng/mLS-E 2.7 ng/mL Akelof 5709 gF

2 Z21E % 3 5 ACMIAR 103] ¥z 243t HolA|4=7} 20%
OJHR B HAsER AsHlTH18).

4. MM (correlation) Z7}
CLSI EP9-A2 [19]0] 45=0] ACMIAE tacrolimus 8%

=73k A} 7]E AAP oA AR %1 MEIA ¥ liquid
chromatography—tandem mass spectrometry (LC—MS/
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MS) (Waters 2795 Quattromicro API, Micromass, Manch—
ester, UK)E S43H A7eto] A& vluwsioich A A%
2 tacrolimus HAPF 9= 22} HAE S & 5 ng/mL
u|gk 20%, 5-10 ng/mL 20%, 1015 ng/mL: 20%, 15-20 ng/
mL 20%, 20-25 ng/mL: 10%, 25 ng/mL %3} 10%7} H=&
100719} AAIE 3%t 7, 3714 W o2 234 v S7gs)

ok, ZHzke] HAb 1to) Sl A} AR AlE EP Eval-
uator Release 72} SPSS (version 13.0, SPSS Inc., Chicago,
IL, USA)S o]8-3}o] 38191, MedCalc (version 10.4.8, Med—
Calc Software, Broekstraat 52, Mariakerke, Belgium)&
0|85t} Bland—Altman 415 A5tk

5. 42|23} Sa|(chyle)d 2|5t 2t 3t 9l
TEHED} tacrolimus SHXR[2| Aot ZtA Tt

P
]

el 2y SR 9 fulof ofgk 1Mo HA=E 3
7}8}2A} Interference check A plus (Sysmex corporation,
Kobe, Japan)E AlZA] 3o whe}t 2|81 409 &
=7 242 10 mg/dLe} 1050 FTU (formazine turbidity unit)
7} ¥%=% spike SN} W FHIT} {7} G| QIA] 9
blank -&H-& TH=11, 917]9] tacrolimus (Fujisawa Pharma—
ceutical, Osaka, Japan)E #7}5l9 tacrolimus §%7F 7.5
ng/mLe| H=E HAE Axst¢ieh. FA tacrolimus §=
£ ACMIAZ 717} 531% £7sto] CLSI EP7-A2 [20)] &5t
o] Il A TE H7steich

T3 A 18X E9] tacrolimus FE Z7ol digh IS
ool H 112} OFE-S E25}x] k8 AAFelo] HM-S A F|5}o]
5 ot YA EeE 33 AR 3, ohA] AR|A e
= AR 545t 15-60% M9 AEF8AES A
getAl9] HAIE FHISHATHT. o719 tacrolimusE 718k
2% %571 7.5 ng/mL 9 20.0 ng/mLo] HxE w3, 7h

>J£ mo

JHU

Table 1. Imprecision of ACMIA for tacrolimus

CV (%)
Mean
Level N D Bet- Bet-
(ng/mL) Within ween- ween- Total
run
run day

| 20 5.1 0.52 8.8 7.8 4.9 12.8
Il 20 1.2 0.77 57 6.5 24 9.0
1 20 155 0.88 52 3.1 2.8 6.7
1% 20 23.3 1.15 2.8 3.6 3.1 5.0

Abbreviation: ACMIA, affinity column mediated immunometric assay.

417

A9 tacrolimus =5 ACMIAR 23% &43to] Ad+
2287} tacrolimus 7% 2] A AE SPSSY Spearman

AR A 3s}e] H7)slolnt,

2

Z Ho AP W2 =t (level Dol A K E 212} 12.8%2} 9.0%,
6.7%, 5.0%2] <=o|tt, 7t H=9 AL Y "olAls:, AL b
Ho A4 & FAFY 7F ¥o A= Table 13} 2},

o
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Fig. 1. Linearity of ACMIA for tacrolimus.
Abbreviation: See Table 1.
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Fig. 2. The functional sensitivity of tacrolimus measurement using
ACMIA.
Abbreviation: See Table 1.



418 YN - o3l - SFet 9 52
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, = pus
0.9994% 9212 0] 713 # gk thgka) o 2 B w|giA|ul ¢ A, ACMIA®] tacrolimus S A+ 3.1 ng/mL%-¥ 35.4 ng/
30 60
. ol s 196 SD
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E 10} g e * ° .
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=0.950 a X PO
r=0. 8 gl -68.
e e ®
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=5 > 4 * o o °® .
E 20 < of 3% Yt o e
= B d ® o L]
5 g -20 Lo e, .. 149
2 S St e, e
(o) ' ' L] L] L]
E 10 s -40 - <
£ 5 . 1.96 SD
o y=0.849x+0.127 5 e g e
. 1=0.946 & 60 -53.2
£ .
° o
) S ‘ ‘ ‘ g ‘ ‘ ‘ ‘ ‘ ‘ ‘
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e Average of Dimension and LC-MS/MS (ng/mL) Q
30 80 .
° L]
o 60F . *19%68D
o . ¢ . 53.7
o 40r Qe T
- 20 g * °. .-. °
[S S 20 %8 e oo’ .’ Mean
B') a)\ hd ‘. ......- ° . L
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x (%) e . e o0 .,
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= ot (-.) a0l ‘. ° °
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> r=0.936 g 400, 317
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Fig. 3. Comparisons of tacrolimus measurements among instruments (n=50, respectively). (A) IMx (MEIA) versus Dimension (ACMIA) using
Deming regression analysis. (B) Bland-Altman analysis between ACMIA and MEIA, (C) LC-MS/MS versus ACMIA using Deming regres-
sion analysis, (D) Bland-Altman analysis between ACMIA and LC-MS/MS, (E) LC-MS/MS versus MEIA using Deming regression analysis
and (F) Bland-Altman analysis between MEIA and LC-MS/MS.

Abbreviations: MEIA, microparticle enzyme immunoassay; ACMIA, affinity column mediated immunometric assay; LC-MS/MS, liquid chro-
matography-tandem mass spectrometry.
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ml7kA o] e 2 44d& Hefle A o2 245k A ekFig. 1).

Tacrolimus "|5F2FA o] HhESA o4 ACMIAS| tac—
rolimus F4%% A% A= 0
UZEE 0,71 ng/mL, 7154 WEE 0.72 ng/mLo|glct
(Fig. 2).

4 ng/mLo| L, A=t

4. A Fil_}lg

" Ol

MEIA x)9] tacrolimus %ﬁ 2] tigt ACMIA (y)9] 3|A%

A& y=0.818x-0.580, A=(r)= 0.9500] 9212, ACMIA
S84 IMx 54 Xliq Bt —25.7%°] biass Uit
LC-MS/MS (x)oll thgt ACMIA (y)2] 2|78 412 y=0.849x+
0.127, A¥HAIS= 0.9460] 9101, ACMIA 574 2|+= LC-MS/
MS &4 2)o|| v|8]] B -14.9%9] biasE VFERASITH LO-MS/
MS ()l Tt IMx (y)9] 38442 y=1.081x+0.861, /33
A= 0.93601%11L, IMx A3 *]|+= LC-MS/MS &A= H]a}|

Bt +11.0%2] biasE e AtHFig. 3).

5. Lo|RHn Rojo| 28t 7MY &1t A METEXMEDY

tacrolimus SAHX[Q| Azt oA HI|

el g 23y e Ey 9 ful7E 2k 371 spike &4
9] tacrolimus S3 A& —]’7—1' 6.6+0.4 ng/mL, 8.0+0.8 ng/
mL, 8.1£0.5 ng/mLZ blank 2] Z}2} 7.1+ 0.2 ng/mlL,

25 -
— 20 F P * 2
E T L8 s s
k)
£ 15 & Group2
0
é’ i = Group 1
35 10
[ m =
S x 8 " @ B 1 =
= 5t
0 Il Il Il Il Il Il Il
0 10 20 30 40 50 60 70
Hct (%)

Fig. 4. Relationship between hematocrit and tacrolimus concentra-
tions. Group 1, target concentration 7.5 ng/mL (y=0.019x+6.624,
r’=0.178, P=0.118); group 2, target concentration 20.0 ng/mL (y=
0.011x+18.675, r’=0.059, P=0.344).

Abbreviation: Hct, hematocrit.
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7.5+0.8 ng/mL, 7.4%0.4 ng/m= FAHOZ oJu| Q&= 2}
ol YEhA] FobA], WelRrlat fujo] &gk I A s Hi
Algk 4= 3l9iet

Y125 SV T tacrolimus AARES] A &
AoflA As=(7.5 ng/mL)9| A%A G+ 0.178 (P=0.118), 1
F5%(20.0 ng/mL)2] AAA4= 0.059 (P=0.344) 0.2 Ad+
B2 E9 M3} tacrolimus AL 1ol o] Sl A

o] WERLFA] gRkth(Fig. 4).

Ml

i

AR &4H tacrolimuss 95% oAro] AEAL Ujof B
o17] whizol] 55E S-S flaiie 8ol Ao,
M=z =UE I 9+ Flex TACR (Dimension RxL Max, Dade
Behring)2 A&7 Y tacrolimus®| 2] o] 717] oA

Aok} Z8mkA] 2 (ultrasonification)ol] &8 ©]F A7) wj&o]
AAR QAR R HAR W o] vt 7hsehal s
FIAZ 4 Qlek= Aol ok AR & Aol A ACMIAY
o7 2449 tacrolimusd AUEw 42 oA & ¥
O|AIGE 15% oJYZ 48t ul= 41&2]ek=H(Food and Drug
Administration)] 2| H[21}& W=Ea1T E3F 22 tacro—
limus =4 ACMIA ZA2|9] ZBo|A4L &7 o)Aksish
}M].Noﬂ/\i A]_Q_ Zo] IMX-—] ;q E‘ _7_7_}.;5_4 x—]E,\,]_a‘sz
(Tacrolimus II controls, Lot No 54596 M200, Abbott, Wies—
baden, Germany)°ll thel ZO|Al<=(15.7%, 8.5%, 7.8%)%.c}
A - LA W2 2R YR on| Napoli 52 d7H9]0l
A gk MEIAOIA 9] #] - 5 - A5=9] 5 WolAls 12.9%,
8.8%, 9.3%° HISHA = HA] A] - Algieofl A We hE UEh
Ak, o]¢t gEo] ACMIAY] tacrolimus #4&FE A& SH=
0.24 ng/mLe| 1, 7154 WMHEE 0,72 ng/mLE £4 50
oukZ|¢] 2= tacrolimus 2| &¥ 9] sletghel 5.0 ng/mL [1]
EE} ‘7’% a1, 7171 3] Abof| A Zﬂ%"ﬁ} %= MEIAY Y] Hash
= 2.40 ng/mLECh W2

A1 A ACMIA &4 %)= MEIAo| thajA] negative biasE
UERd Aoz oS3 o= MEIAZ} thAR=Aof thsfiA =
HH3S UEt7] ol thE W 9shA Wel cloned en—
zyme donor immunoassay MS WHEC} ¢F 20% =2 374
A& Yepdth= 2a1[4]9F ACMIAZ} enzyme multiplied im—
munoassay©ll el A negative biasE R = 7|& B11[22]
of 2AFGeH, B oAM= ACMIASH MEIA] AHTHELA]
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S 53l olF BRI 4= AT EFF T2 o|FE ACMIAE
MEIAE T LC-MS/MSel sl & doiAE 71 o=
AL, AR ACMIAS] LC-MS/MSe] tigt AlAls=
0.9462°.2 MEIAS] LC-MS/MSel| that A4 09361} 3=
2 S 7HAT, ol X s thE 239 ACMIASH MEIA
o LC-MS/MSell digt “aAl4= 0.90, 0.832 YA[sh= At
o]ch23]. U ACMIAS] &AA]7} LC-MS/MSel| 3]

negative biasE WEFWH A2 WA Z3Ho] tacrolimus

ARl haliA] B0l Q] FA-FANEo] ke 4= 917]
mzolll4, 9, 24, 25] So]A HAMQl LC-MS/MSe| H]sj

tacrolimus =7} 7 S EH[24, 26], A4 WA 274
o] skl ACMIAL LC-MS/MSe] th3fl positive biasE 7+
A Ao SR A7 A 7Hd v == 2, oA
gk 35099 7] o]/e] 7]to] Fhefste] & Aot BlSjt Al7] ol

Al3E 20079 CAP CSM-B9] participant survey [11]914+=
o[l AY Ate} YA|st= ACMIA MS, MEIAY] A= tac—
rolimus 2327} =4 1% et CAP survey 23] A%
3RS e AAPH 1] ATAIE dokE Alo] ofy ek
HollAl 2 At Aol A2 v E sk A2 SA7E A

1k ACMIA®] LC-MS/MSO| W3t negative bias 24 Z23+&
Aoz s 4= e —3747P o lrfar Az o
ehA AAR 7He] A
Ztejw | FS 37 A5 B Y
&%t bias wAo] R o= wrhE,

MEIAE= HE-44E S71ol el tacrolimus S8A|7F &
a8h= 2] Mol deEA QT 91 ERF 25% ol
$o A8 HES 7= 39 HA ol A+= enzyme-linked
immunosorbent assayX2.t} tacrolimus®| =7t &7 SHH
TRz HI1E]o][27], dFolA= AEE-AE0] 30% °lstel ¢
Aol A1 9] tacrolimus % % 278 MEIA ©] 912 AAPES
ARgSLES B3t QIrH10l. ACMIACIAE HEF-§2E0
oJ8l tacrolimus®] SHA7} SAX = froljt 422 Alol5
LFERUA] bt wheba], 288215 izt ate §lo] tacro—
limus 8% 552 HilE Hrf A&kl AR A Al
W& Aoz BZEH 53] tacrolimus®] Fofo] o] FojA|=
7] o) AgkAbe] ti o] RHEA 9l WIE-S vtk Fof H]
FHEE o, 2 784S v Ak & 4= Qlek

AA A ACMIAR tacrolimus =& S4sH7 2
M 7Id == A2 AAR R A turn around time) 9]
o Ao}, 7]& ARl MEIAS] % 84 88 4
He7HA 9] A wpgo] 2] o' oF 304l AA XI8

mlm
_v;
O_\..
ﬁod
i
E
g
N
o
i
paty
o
il
oZ

[ AU
_\'\1 o v o

olof staL, o] 7]7] WellA Q] oFE F S0l gk Hof 2|ty
247A47} 7¥sskoiet, whebA, HAF Q=7 B2 HAM oAl =
A&t 74*}7%}4 HIE sl W AR of2] tfo] 7]7]
= daz Fgic} v, ACMIAY A9, AA2| 7ol 7|4
el Al °$ 158 Woll A=, o) 60FA7HA] FAloll HARF
7Fs3ted, MEIAO| B3 B} W AAE Kt 41431 A2
o 9lS 0 R sk,
ACMIAE ©]4-3t Dimension RxL Max+= AAg]7} Zagl
| 7RSI FA) o 7122 MEIAS] A9 W2 A A glss
£ FA7IEAN], AEEAE ot Aol & FEFS
A GO WA TDM AARE 818 4= 9 202 7|diHch ®
g ACMIA9] tacrolimus 4 Z2¥= TDM A 3Hof| F-3lal=
TE0 AUES ZHAAL glloH, FH R o] Qe =
BI9loll A L3t A4, K eh W gho] A HE T
#7168 UHETE ER1E %A, MEIAS] LC-MS/MSel| o
St AR 2 32 7HTE 3 AR OlA] tacro-
limus S73AAk 4-89] ]”—:a Ao

O
r\l

HHZ : Tacrolimuse 44 A 2s =R 97F FiL Fa-d
FEs=0) A TA} dot @FokasE S4S Fe AAI7E
daHoltt, AT ¥go] A JE Affinity Column Medi—
ated Immunometric Assay (ACMIA)E ©]8-3F Dimension
RxL Max (Dade Behring)®] tacrolimus E%s=3%9] o
ot P35S Bkt sl

H¥ : Clinical and Laboratory Standards Institute %3]
of| &£3}o] ACMIAE 0|83t tacrolimus 5527l tis)
AU, AN, AETAE A8k, UEFR1T chyle 9 2]
GgAEof et 1M Ed-2 H78HTh E3E microparticle
enzyme immunoassay (MEIA) (IMx Tacrolimus II, Abbott

Laboratories)?} liquid chromatography—tandem mass spec—
trometry (LC-MS/MS) (Waters 2795 Quattromicro API,
Micromass)?| tacrolimus % 232} ACMIA| o3t =4
Asle) B Lol

21} A - F - e F HolAleE 242 12.8%, 9.0%,
6.7%%1, tacrolimus %= 3.1 ng/mL5 ¥ 35.4 ng/mLojA]
e Hold Has: 4% e 0.24 ng/mL, 7153
U EE 0.72 ng/mLo| 3o, MR} chyleol thsf 1t
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HEE et o

limus HAHEY] G2 ©v

HNYTLAE H3lof| ©hZ tacro—
] 13T}, ACMIAY] 9J3F tacroli-

mus 23 A= MEIA2K= 0,950, LC-MS/MSl| tiaiAl= 0,946
o] A5 YER oAt

HAE : ACMIA®Y 9J3t tacrolimus &3-S AUE, 244,
2430 o2 22| o3t 7k 2 MEIAQ} LC—MS/MSOﬂ
gt g ol dish RhEAe e AN ss Holoh o
2hA] 7|12 AAR R B2 A7 Qhof] AlulA ‘% HArE el
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