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Therapeutic drug monitoring of mycophenolic acid (MPA) using volumetric absorptive
microsampling (VAMS) in pediatric renal transplant recipients



1. Materials

The standard reference MPA (chemical purity 298.00%) was obtained from Sigma-
Aldrich (St. Louis, MO, USA), whereas its SIL-IS (stable-isotope-labeled internal-standard),
MPA-ds (88.00% chemical purity, 99.10% isotopic purity) was obtained from Toronto Research
Chemicals (Toronto, ON, Canada). The standard for MPAG monitoring in the LC-MS/MS assay
was obtained from Sigma-Aldrich (St. Louis, MO, USA). LC-MS purity-grade solvents
(acetonitrile and methanol) were acquired from Merck (Darmstadt, Germany). Reagents for
mobile phase preparation, such as ammonium fluoride (>99.99% chemical purity) and formic
acid for LC-MS (>99.99% chemical purity), were purchased from Sigma-Aldrich (St. Louis, MO,
USA). Zinc sulfate heptahydrate (ZnSO4-7H20, >99.00% purity) was purchased from Merck
(Darmstadt, Germany). Appropriate water purity was systematically achieved using a DL2-400
Polwater system (Labopol-Polwater, Krakéw, Poland).

Fresh whole blood (WB) and plasma (PL) for method validation were systematically
obtained from healthy donors untreated with immunosuppressive drugs (TAC and MPA) at the
Regional Centre of Blood Donation and Hemotherapy (Warsaw, Poland). Blood was stored at
4°C, while plasma was frozen at -20°C and used to prepare calibration curves for one or four

weeks, respectively.

The above reference and internal standards were stored at —20°C in a freezer to
maintain appropriate stability. Other chemical substances and reagents, such as the liquids
used for mobile phase preparation, analyte extraction, and protein precipitation, were stored

at room temperature or 4°C when prepared in the experimental mixtures.

The VAMS-Mitra™ 10 uyL samplers for capillary-blood collection and complementary
96-sample autorack for sampler drying were purchased from Neoteryx (Torrance, CA, USA).
Vacutainer test tubes (1.6 mL) containing K3-EDTA (tripotassium salt of ethylenediamine tetra-
acetic acid) as an anticoagulant for whole-blood collection, and 4 mL test tubes with clot
activator, as well as lancets, and blood collection sets, were obtained from Becton Dickinson
(Warsaw, Poland) or Sarstedt (NiUmbrecht, Germany). Simple laboratory materials such as
tips, test tubes, and falcon tubes were purchased from Sarstedt (Nimbrecht, Germany) or
GenoPlast Biotech (Rokocin, Poland). Chromatographic vials integrated with 300 pL inserts
and complementary screw caps were obtained from Thermo Scientific (Waltham, MA, USA) or
Agilent (Santa Clara, CA, USA).



2. Calibrators

Primary stock solutions were prepared in glass ampules using solid standards for MPA
(2 mg/mL), MPA- ds (0.1 mg/mL), and MPAG (0.1 mg/mL) via dissolving in methanol: water
mixture (50:50, v/v). The above solutions were appropriately diluted to obtain the estimated
concentration of working solutions and finally to generate the calibration curve. The SIL-IS
working solution was prepared at a 25uL/mL concentration level and, in the next step, diluted
during calibration curve preparation. The MPAG solution has diluted a hundredfold and was
used only as a control for chromatographic separation of MPA and MPAG in patients' samples.
Notable, the QC working solutions were prepared from other primary solutions of MPA than
calibration curve points (but the same primary solution concentration-1 mg/mL). Working

solutions were stored at -20°C in the freezer.

During the investigation, three types of matrices were used for calibration methods:
plasma, whole blood, and capillary blood in VAMS samplers. The WB and PL samples were
fortified abreast by spiking 50uL of each matrix with 10uL of calibration working solution or QC
working solutions. The VAMS calibration sample was prepared by spiking the 50uL of WB with
10uL of the appropriate working solution after mixing by self-automated vortex (Chemland,
Stargard, Poland) gently absorbing by VAMS tip. The calibration levels and quality controls
(QC) for MPA were prepared at levels: 0.25, 0.35 (lower quality control, LQC), 0.5, 1.0, 2.5,
3.50 (medium quality control, MQC), 5.0, 10.0, 12.5 (higher quality control, HQC), and 15.0

pg/mL. The WB and PL without immunosuppressants were obtained from healthy volunteers.
3. Sample preparation protocol

The 50uL of WB or PL was diluted with 90 pL pure water, and 10 yL of internal standard
(ds-MPA) was added. In the next step, 400 pL of the precipitation mixture (0.1M zinc sulfate
agueous solution and acetonitrile, 50:50 (v/v)) was added. After that, the sample was shaken
for 10 min at RT using an automatic shaker (ThermoScientific, Waltham, MA, USA) and
centrifuged for 10 min under 3500 rpm at 4°C in MPW-375 (MPW Medical Instruments,
Warsaw, Poland). 250 pL of obtained upper phase was transferred into insert integrated glass
vials and analyzed with LC-MS/MS.

Loaded VAMS tips, after a minimum of 1h-drying, were removed and transferred into
150uL of pure deionized water. For analyte extraction, the samples were shaken at RT for 1 h
at a frequency of 1000rpm using the above-mentioned shaker. After that, 10uL of IS solution
and 150 pL above precipitation mixture were added. From this moment, the sample was

treated under the same conditions as WB/PL sample.



4. Representative chromatograms
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Figure. Representative chromatograms for (a) blank VAMS sample, (b) HQC in the VAMS sample, (c) LQC in the

VAMS sample, and (d) patient VAMS sample.



5. Summary of the analytical validation process

Table 1 Results of intra-run and between-run precision and accuracy evaluation [n=10]

b . 0.25 pg/mL 0.35 pug/mL 12.50 pg/mL 15.00 pg/mL
arameter
we | PL [vams| wB | P |vams| wB | PL |vAamMs| wB | PL [vAMS
Intra-run accuracy and precision [n=10]
Cwpa |0.26+] 0.25+]0.27 + | 0.36+ ] 0.34 + | 0.36 + [12.55 +|12.12 +|12.57 +|15.16 +|14.88 +|14.37 +
ug/mL] | 0.02 | 0.02 | 0.02 | 002 | 0,03 | 0,03 | 032 | 051 | 023 | 0.44 | 061 | 0.62
AC%‘,}:]""CV 102.72| 98.25 |109.45| 97.71 | 96.38 |102.14|100.36 | 96.85 |100.57 [101.05| 99.22 | 98.21
Pre[f,’/'o‘?"on 6.75 | 848 | 6.82 | 496 | 892 | 653 | 258 | 419 | 1.83 | 291 | 4.14 | 2.29
Between-run accuracy and precision [n=10]
Cwpa |0.25+|0.34+]0.26+|0.35+]0.34 + | 0.38 + [12.55 +|12.12 +|12.59 +|15.33 +|14.88 +]14.89 +
ug/mL] | 0.02 | 0.03 | 0.02 | 002 | 0,03 | 0,01 | 032 | 051 | 0.30 | 0.45 | 0.62 | 0.62
AC‘E;};T‘CV 98.25| 96.38 |105.78100.08| 96.38 |108.14|100.36 | 96.85 |100.76 [102.18| 99.22 | 98.72
Pre[ﬁ/'o"‘i"on 848 | 892 | 585 | 543 | 848 | 3.75 | 258 | 419 | 239 | 296 | 414 | 154
Table 2 Results of stability in autosampler examination [n=6]
0.35 pg/mL 12.50 pg/mL
Parameter
WB PL | VAMS WB PL VAMS
Initial in autosampler
[“%%Fr’ﬁ_] 0.38+0.02 | 0.36+0.03 | 0.38+0.02 | 12.36+0.42 | 12.28 +0.21 | 12.86 +0.17
St"f‘ot/’o']“ty 100.00 100.00 100.00 100.00 100.00 100.00
After 24h in autosampler
Cwmpra 0.36 + 12.36 +
g/mLl 0,02 0.34+0.02 | 0.37+0.02 P 12.15+0.49 | 12.61 + 0.45
St‘[iot/’o']“ty 98.68 94.73 97.37 96.19 98.94 98.10
After 3 days in autosampler
Cwmpra 0.34 + 11.74 +
g/mL] 0,02 0.34+0.02 | 0.33+0.02 0.9 11.93+0.63 | 12.49 + 0.32
St‘[iot/’o']“ty 96.01 93.05 91.57 94.98 97.14 97.12
After 5 days in autosampler
Cwmpra 0.33 10.76 +
g/ 503 0.31+0.03 | 0.32+0.02 068 11.87 +0.46 | 12.19+ 0.41
St"i}g]'"y 91.66 86.11 86.84 87.05 90.39 92.34




Table 3 Results of short-term stability examination [n=6]

0.35 pg/mL 12.50 pg/mL
Parameter
Oh -2h +2h Oh -2h +2h

wWB
[“%m_] 0.36+0.02 | 0.32+0.04 | 0.33+0.09 [12.41+0.33|12.22+0.42 | 12.13+ 051
St?f/’:]"ty 100.00 91.23 93.26 100.00 96.67 96.74

PL
[“C;m_] 0.33+0.03 | 0.34+0.06 | 0.35+0.11 [12.56 + 0.37 | 12.23+0.26 | 12.36 + 0.63
St%?;]"ty 100.00 101.23 100.98 100.00 97.12 98.16

VAMS

[p%“/”;’*u 0.36+0.02 | 0.35+0.08 | 0.32+0.10 [12.62+0.29 | 11.86 +0.31 | 12.09 + 0.65
St?,?:]"ty 100.00 96.69 91.26 100.00 96.97 95.89

Table 4 Results of matrix effect (ME), process efficiency (PE), and absolute recovery (AR) evaluation

0.35 pg/mL 12.50 ug/mL
Parameter
MPA IS F MPA IS F

WB
ME [%)] -25.83+£9.63 '3151'i25i 0.84 £ 0.13 |-28.04 + 8.34|-21.85+ 7.02| 0.79 £ 0.10
PE [%] 74.16 £ 3.26|64.47 + 4.15|104.00 £ 2.45( 71.96 + 2.59 | 78.14 + 3.01 | 97.28 + 4.33
AR [%] 62.58 + 4.86|62.19 + 3.99|101.00 + 4.12| 67.71 + 2.94 | 69.85 + 2.88 | 99.79 + 3.68

PL
ME [%] -24.96 + 5.40|-22.11 £ 2.15| -8.73 £ 1.14 (-24.93 + 6.68|-16.63 + 2.29| -1.12 + 0.22
PE [%] 71.39+3.57|77.88+5.81|91.26 +2.88(75.77 +3.13 | 83.36 + 3.84 | 98.87 £+ 4.16
AR [%] 61.27 £+5.36(69.87 +5.21|94.47 £ 3.01 | 65.31 £ 2.99 | 88.77 £ 3.80 | 98.96 + 1.94

VAMS

ME [%] -25.58 £ 7.77|-24.16 + 4.15| -1.18 £ 0.21 |-37.34 + 8.15|-29.43 + 5.16| 1.10+0.19
PE [%] 64.26 £ 2.85|56.93 +2.02|98.81 £ 2.16 | 74.42 + 3.14 | 75.84 £ 5.01 |100.26 + 4.44
AR [%] 63.52 £ 3.18|55.39 + 4.12|93.77 £ 3.87 | 63.56 + 4.22 | 61.95 + 8.47 | 96.61 £ 6.21




6. Patients demographic data [n =50]

Variable Patients' data*
number of patients 50
total number of samples 200
sex [male/female] 31/19

age [years]

11.26 + 2.69 (4 — 17)

body weight [kg]

45.81 + 15.41 (13.40 — 71.20)

height [m]

1.39 +0.16 (0.99 — 1.71)

MMF daily dose [mg]

678.95 + 233.66 (250 — 1500)

MMF formulation [CellCept®]

50

hematocrit level [%]

36.29 £ 3.99 (29.00 — 46.20)

creatinine value [mg/dL]

0.88 + 0.21 (0.56 — 1.49)

total protein concentration [g/L]

76.23 + 4.28 (66 — 89)

albumin concentration [g/L]

45.38 + 2.02 (42 — 51)

VAMS MPA concentration [ug/mL]

1.43+0.77 (0.41 — 4.14)

VAMS MPA (corrected with Ht) concentration [ug/mL]

2.26 £ 1.23 (0.61 - 6.55)

VAMS MPA (corrected with formula) concentration [ug/mL]

2.37 £ 1.26 (0.74 — 6.72)

WB MPA concentration [ug/mL]

1.39 + 0.84 (0.26 — 4.60)

PL MPA (LC-MS/MS) concentration [ug/mL]

2.47 + 1.20 (0.86 — 6.92)

MPA (HPLC-DAD) concentration [ug/mL]

2.38+1.16 (0.64 — 6.18)

*Data are expressed as mean = SD (with min/max range)




7. Results of MPA determination in samples obtained from patients [n=50]

MPA_DAD MPA_WB MPA_PL MPA_VAMS
Hematocrit
ug/mL ug/mL ug/mL Hg/mL
1 2,64 1,11 2,32 1,53 0,37
2 1,58 0,80 1,44 0,76 0,38
3 3,73 2,38 3,66 2,42 0,33
4 2,57 1,59 3,09 1,65 0,43
5 1,8 0,87 1,5 0,93 0,34
6 2,52 1,34 2,65 1,69 0,37
7 2,97 1,35 2,85 1,53 0,38
8 1,22 0,90 1,34 0,85 0,33
9 2,04 0,89 1,98 0,95 0,43
10 2,9 2,16 2,93 2,02 0,29
11 2,3 1,79 2,17 1,23 0,42
12 2,68 1,41 2,84 1,50 0,39
13 2,84 2,30 2,89 1,68 0,39
14 2,75 2,75 2,93 2,01 0,37
15 2,89 1,64 2,74 1,68 0,30
16 1,76 1,19 1,56 1,02 0,39
17 6,11 4,60 6,92 4,14 0,37
18 3,51 2,03 3,67 2,31 0,31
19 1,54 1,20 1,17 0,73 0,35
20 0,64 0,47 0,86 0,54 0,29
21 1,83 0,84 1,68 0,96 0,38
22 5,08 2,95 4,68 3,01 0,37
23 2,02 0,89 1,54 0,81 0,37
24 1,83 1,56 2,11 1,27 0,36
25 1,24 0,63 1,36 0,79 0,31
26 3,34 0,87 1,99 1,02 0,39
27 2,13 1,32 2,42 1,23 0,39
28 1,04 1,46 1,58 1,18 0,32




29 4,42 2,56 4,71 2,49 0,39
30 1,78 0,79 1,74 1,23 0,31
31 2,49 1,59 2,13 1,35 0,33
32 1,13 1,07 1,35 0,93 0,39
33 1,73 1,03 1,57 1,08 0,31
34 1,48 0,72 1,69 1,00 0,34
35 1,7 1,02 1,87 0,94 0,40
36 1,95 1,31 2,1 1,44 0,37
37 3,02 2,94 4,62 2,52 0,46
38 1,63 0,47 1,77 1,26 0,35
39 0,97 0,47 1,38 0,94 0,34
40 1 0,50 1,14 0,68 0,38
41 1,34 0,82 1,29 0,64 0,29
42 531 3,67 4,53 3,63 0,34
43 2,3 1,28 3,41 0,88 0,42
44 1,57 0,26 1,38 0,41 0,32
45 4,2 1,97 4,23 2,58 0,41
46 3,36 1,02 3,42 1,16 0,40
47 2,75 1,12 3,49 1,66 0,39
48 1,24 0,89 1,95 1,04 0,36
49 1,56 0,71 1,89 0,64 0,38
50 2,61 0,73 2,77 1,74 0,37

MPA_DAD — MPA concentration determined with the HPLC-DAD method

MPA_WB — MPA concentration in whole blood determined with UHPLC-MS/MS method

MPA_PL — MPA concentration in plasma determined with UHPLC-MS/MS method

MPA_VAMS — MPA concentration in VAMS capillary blood determined with UHPLC-MS/MS method



