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Summary: A simple and rapid liquid chromatography tandem mass spectrometry Mﬂmmﬂmﬂ
(LC-MS/MS) method for the simultaneous analysis of cyclosporin A (CsA) and cre-
atinine using capillary blood has been developed. Venous and capillary blood samples
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Tacrolimus Publication:
Ann Clin Biochem (2002), 39, 487- 492.

Original Article

Evaluation of a rapid micro-scale assay for tacrolimus b
chromatography-tandem mass spectrometry

BG Keevil', SJ McCann', DP Cooper? and MR Morris®

Abstract
Addresses - . Background The immunosupprassive drug tacrolimus has complex and
Eeﬁf‘"ﬁm OfHC"”'Pa: Bicchemisiry unpredictable pharmacokinetics, therefore regular monitoring is required in patients
Sg&th ﬁaﬁgheestgrswr?iversiw receiving tacrolimus therapy. We have developed a liquid chromatography-tandem
Hospitals NHS Trust mass spectrometry (LC-MS/MS) method for measuring tacrolimus concentrations in
Southmoor Rd whole blood and have compared it with a microparticle enzyme immunoassay.
Manchester M23 9LT Methods For the LC-MS/MS assay, samples were prepared in a 96-deap well
QUT};e Clinical Apolications Grou microtitre plate by adding 10 uL of blood to 40 L of 0-1 mol/L zinc sulphate solution.
Micromass LJKDLF;d P Proteins were precipitated by adding 100 uL acetonitrile containing ascomycin

Manchester, UK internal standard. After vigorous mixing and centrifugation, 20 ulL of the supernatant
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Difference between methods

Venous and fingerprick taken at COand C2 60
n=120 paired samples
paediatric renal
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Adult home monitoring

52 stable heart Tx patients

225 samples

14 (6%) unsuitable — clotting 10, insuff 4
Discomfort not a problem

Mean postal time 1 day, max 5 days.



Monitoring of cyclosporine levels in transplant
recipients using

self-administered fingerprick sampling.

* Dose adjustment on fp result in 20 % of
patients

e 10-15 % reduction in clinic visits

Yonan N, Martyszuk R, Machaal A, Baynes A, Kevil BG
Clin Transplant. 2006;20:221-5
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Heart Tx 2014
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Can we send samples to other labs?
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Sirolimus

Spec. Pool Pool description / Treatments / Additions O All methods Your A score is
. 0O Mass Spectrometry Your B score is 46 @«
163A SI1246 Manipulated human whole blood i
1638 SI248  Manipulated human whole blood B In-house [00] Your G acor s 73 @
163C SI250 Manipulated human whole blood The A limit is
The B limit is +/- 200
The C limit is 200
- v It 3
Specimen : 163A n Mean SD CV(%) . ourresu =
Al methods [ALTM] 8 019 0241245 Er}ﬂfgel value
4 .
Mass Spectrometry 5 015 010 655 £ Standard Uneertainty
In-house [600] 5 015 010 656 g a3 Vour specimen:
non-numeric results 35 % 3 :.:ias Ind
»c—! CUracy Index
g Weighed-in value 0.00
0 Method mearn 0.15
- In-house [600]
00 04 08 12 18
Sirolimus {ug/L)
- [z It 855
Specimen : 163B n Mean SD CV(%) 20 - ourresu
All methods [ALTM] 44 BES 097 112 ¢ Hﬁl\’a'ue B8.69
Immunoassay/turbidimetry 6§ 977 189 184 g 15+ Standard Uncertainty 020
Roche Cobas ECLIA [2B02] 4 1057 L v )
Mass Specitrometry 37 B51 085 100 5 i our specimen:
In-house [600] 37 851 085 100 ﬁ 10 “abias 16 ¢
"c'! Accuracy Index
g 549 Weighed-in value 2.00
Method mean 851
0- In-house [600]
5 7 9 11 13
Sirolimus {ug/L)
- [z it 152
Specimen : 163C N Mean SD CV(%) 20 ourresu
All methods [ALTM] 44 1458 161 11.0 k{ﬁ:]\’a'ue 14.58
Immunaassay/turbidimetry 6 1671 234 140 g 154 Standard Uncertainty  0.33
Roche Cobas ECLIA [2B02] 4 1685 2 N o
Mass Spectrometry 37 1428 144 101 g 04 Your specimen:
In-house [600] 37 1426 144 101 g fﬁ’;?ac ndex +42 o
B y
g2 549 Weighex-in value 15.00
i O Method mean 14.26
0 ) In-house [600]

12 15 18
Sirolimus (ug/L)




Ciclosporin

Specimen : 163A n Mean SD  CV(%) 20 — Your result 3425
All methods [ALTM] 62 3376 370 110 ‘[[:Lrem ]valus 3376
Immuneassay/turbidimetry 20 3239 280 86 g 154 Standard Uncertainty 6.3
Roche Cobas ECLIA [2B02] 8 3276 260 7.8 E n _—
Siemens Dimension/Vista [2BE] 4 3147 E 104 YOI-_”' Specimen.
Mass Spectrometry 41 3440 410 119 o Yebias +15
In-heuse [600] 41 3440 410 119 5 Accuracy Index
2 59 Weighed-in value 300.0
o Method mean 3440
- In-house [00]
224 281 338 395 452
Ciclosporin (ug/L)
: i It 248.3
Specimen : 163B n Mean SD  CV(%) 20 - our resu
All methods [ALTM) 62 2484 281 117 E:LrgTeh: ]valus 2484
Immunoassay/turbidimetry 20 2380 204 B85 § 157 Standard Uncertainty 5.0
Roche Cobas ECLIA [2B02] 9 2393 221 92 2 )
Siemens Dimension/Vista [2BE] 4 2369 E 10 - YOL_II' SpeCimen:
Mass Specirometry 41 2523 318 126 e & Yebias 0.0
In-house [600)] 41 2523 318 126 5 Accuracy Index
g 549 Weighed-in value 2250
Method mean 2523
0- In-house [600]
158 203 248 293 338
Ciclosporin (ug/L)
: i It 108.8
Specimen : 163C n Mean SD  CV(%) 20 - our resu
All methods [ALTM] 62 1103 115 104 E[grnh: ]valus 110.3
Immunoassay/turbidimetry 20 1100 131 118 % 157 Standard Uncertainty 2.0
Roche Cobas ECLIA [2B02] 9 1081 141 129 = .
Siemens Dimension/Vista [2BE] 4  105.7 3 404 4 YO'-_”' specimen:
Mass Spectrometry 41 1105 109 98 = “ebias -1.3
In-house [600)] 41 1105 108 98 5 Accuracy Index
g2 5 Weighed-in value 100.0
Method mean 110.5
J0
2 In-house [600]
74 82 110 128 146

Ciclosperin (ug/L)




Tacrolimus

. ¥, It 5.83
Specimen : 163A n o Mean SD  CV(%) 20— our resu
Al methods [ALTM] B3 504 062 104 - I:Lrﬁ ]Wilus 5.84
Immunoassay/turbidimetry 21 620 076 123 8 154 Standard Uncertainty ~ 0.10
Abbott Architect GMIA [2AB] 7 644 032 50 g 4 -
Roche Cobas ECLIA [2B02) 7 B53 036 55 5 404 YYour specimen:
Siemens Dimension/Vista [2BE] 4 495 K] Sblas 19 @
Mass Spectrometry 41 581 050 86 5 Accuracy Index
In-house [600] 41 5.81 050 B6 & 5 Weighed.i | 6.00
= el -in value |
Method mean 581
0- Frr T 11 In-house [600]
36 48 60 72 B84
Tacrolimus (ugfL)
. ¥, it 9.a7
Specimen : 163B N Mean SD CV{%) 20 — ourresu
All methods [ALTM] B3 959 083 97 E{Gﬁ: ]\'alus 9.59
Immunoassay/turbidimetry 21 1014 109 108 § 154 Standard Uncertainty ~ 0.16
Abbott Architect CMIA [2AB] 7 1078 030 28 2 )
Rache Cabas ECLIA [2B02) 7 1007 082 B2 5 104 & Your specimen:
Siemens Dimension/Vista [2BE] 4  B.75 2 Yobias 23 @
Mass Spectrometry 41 936 076 B 5 Accuracy Index
In-house [600] 41 836 076 81 g 5 - Weighed-in value 10.00
Method mean 9.36
0- In-house [600]
66 81 96 111 126
Tacrolimus (ug/L)
. ¥, it 13.06
Specimen : 163C N Mean SD CV{%) 20 - ourresu
Al methods [ALTM] 63 1356 111 B2 Hﬁ:;fﬂlua 1355
Immunoassay/turbidimetry 21 1428 133 83 § 154 4 Standard Uncertainty 019
Abbott Architect CMIA [2AB] 7 1528 081 53 2 .
Roche Cobas ECLIA [2B02] T 1436 087 BO T Your specimen:
Siemens Dimension/\Vista [2BE] 4 12.90 B Sebias 36 @
Mass Spectrometry 41 1324 094 74 5 Accuracy Index
In-house [600] 41 1324 094 TA s g Weighed-n value 1400
H Method mean 13.24
0- In-heuse [600]
100 118 136 154 172

Tacrolimus (ug/L)




Which drugs by fingerprick ?

Dried blood Lab cost £32 Wet blood Lab cost £18
. ) Tube £0.2
* Ciclosporin . lancet £0.1
Cost includes

. tage £13.75
. Tacrollmus creatinine postage

PerkinElmer 226 [LOT] 105616 / 316432

e e~ Total cost £32

Do d cﬁfdorp lﬁbag
De uch sample area or use if damaged.

* Ciclosporin

Mitra Mitra £16.10 * Tacrolimus

 Everolimus

* Sirolimus

Capitainer Capitainer £8
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1

Place the sample(s) in a leak
proof primary receptacle.

Sample quantity cannot
exceed 50ml per consignment

Close the PathoSeal bag
following the instructions
printed on the bag.

2

Wrap sample(s) in absorbent
sheet and place into the grip
seal bag and close.

5

Place the completed
PathoSeal bag and
paperwork into the Safebox.

aQ © * »
3
————
3
Place the filled

grip seal bag into
the PathoSeal bag.

6

CHECK all contents are
included as required
before closing.
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Patient Samples

Small pilot study with 33 paediatric renal
transplant patients on FK506 therapy

4 x finger prick Mitra® samples collected
alongside venous EDTA whole blood & lithium
heparin plasma

Wide range of haematocrit values (11% - 46%)

Samples posted and analysed at
Wythenshawe biochemistry



Difference (Mitra - routine assay (ug/L))
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Difference (Mitra — Lith hep Plasma (umol/L))

30

20

10

-10

Creatinine (n=39)

o Identity
Bias (-0.2)
o @)
@) -
95% Limits of agreement
(-20.0 to0 19.5)
O
O
o5
o) (0N O
Q&
0] @)
o @ >
Boo ©
o o
O
@) ©)
: : : Q : .
50 100 150 200 250 300

Mean of All Methods (umol/L)



Seven day stability

Mitra® tips analysed then left on the bench at
ambient temperature in a sealed specimen
bag

Re-analysed after 1 week

Creatinine = -0.2 umol/L (-0.2%)
FK506 =-0.32 pg/L (-5.8%)

Within acceptable limits; able to post



Nottingham Paediatric Nephrology.

Patient response survey

* 83% said test was ‘very easy’ and remainder
‘easy’

* 83% definitely preferred over venous sampling

* 60% said they could perform independently;
training required

* Comments were positive;
-It's easier and quicker than coming to the

hospital all the time’
-‘It doesn’t hurt and it’s quicker’



Do we need special equipment?

* Need LC-MS/MS to handle 10ulL of sample.

* Most major H/L transplant centres use LC-
MS/MS

e Extra lab cost from handling tips and including
creatinine in the method.



Is it Scalable to all centres?

Potentially yes.

Some patients may not be happy doing it.
More work for the laboratory.

IT problems especially between centres.



Acknowledgements

Transplant team at Wythenshawe
David Marshall
James Rudge (Neoteryx)

Dr Jon Jin Kim and his team at Nottingham
Children’s Hospital



