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In order to remove any compound to compound interaction variability, single component solution standards
were prepared in acetonitrile at 3,000 ng,/ml tor everolimus, sirolimus and tacrolimus, and 15,000 ng/ml
cyclosporin A. A four point calibration curve was prepared for each of the 4 single component solutions.

Purpose A series of immunosuppressant multi-component spiking solutions consisting of cyclosporin A, everolimus, sirolimus and tacrolimus were
orepared in acetonitrile at six concentrations from certitied single component 1 mg/ml stock solutions and filled to 0.2 ml, in amber

 To investigate LCMS/MS variability with | r
o MVESIgEIe /S variability with immunosuppressans ampoules. The concentration of each of the 6 calibrator levels was veritied against an independently prepared check standard, testing five

Methods samples per level with duplicate injections of each sample. For cyclosporin A no sample to sample variability was observed and RSDs were Trip|i(<j:ofe ki)n]eg:ﬂons were mzqde from eo|ch cc(:tjhbroﬂoq curve point. In O(ﬁdiﬂ@ﬂ, C%J{Whe il yo|ume§ SIS
e UHPLC-MS/MS and HPLC-MS/MS for analysis of multi and single component solutions below 2% across all sample analyzed for each of the 6 calibrator levels.  For everolimus, sirolimus, and tacrolimus significant sample to Te‘TeT. C‘T{.”OT | I'ml into a2 mlL ampoule ana 5 mls info a 5 mlL ampoule fo see if there is an effect on
solution fill volume.

sample inconsistency was observed at each concentration level. Analyzed concentration of the replicate injections of the same sample had

Results RSDs < 2%, but overall RSD's across the 5 samples analyzed per level were as high as 10%. The multi-component solution standards were
»  For concentrations below 5 pg/ml sample to sample concentration variability was observed for remade and fested. When analyzed immediately after dispensing, no sample to sample variability was detected. However, after even a _ o ' |
. . o . . . . . o ]( M. o f s | | . L - ] Investigation of linearity of each compound across the 4 calibration points:
everolimus, tacrolimus, and sirolimus. This was linked to sample container/surface interactions and ew days of storage in the freezer or sub freezer the sample fo sample concentration variability was observea.

volume per container at low concentrations. * Cyclosporin A had good linearity irrespective of fill volume or fill volume accuracy.

For thel mg/ml certified single component stock solutions no sample to sample variability was detected for any of the 4
immunosuppressants, which have demonstrated stability of ~36 months at subfreezer storage. * Some of the T mlL fill volume curves were dispensed by pipette into ampoules at ditterent il
volumes. For curves that had equivalent fill volumes, the 12 >0.99: for curves that had their fill
volumes varied by 10 - 20%, the r2 was <0.98. These results suggested a fill volume to surtface

The 10% variability in the spiking solutions was a concern because this can contribute to variability in clinical end-use results.

- . r. . . . . o area impact on concentration variability.
Clinical analysis of immunosuppressants by LC-MS,/MS can be challenging because patient samples are in whole SCYC'?SﬁOfé“AfOéOgO "9|J/f3"LS — - S;fO']'méJS 1,|5020 gg/";L — P 'y
blood and require extensive sample preparation. In addition, the large size of these molecules makes obtaining rvo Concna/mT | 50554 | 51728 | 50925 | 51145 | 5235 o Cons o/l | 1470 T 1206 | 1455 | 1325 | 1537 * The variability was most pronounced for tacrolimus. A tacrolimus curve was prepared and
reasonable peak shape chromatographically challenging. LC-MS/MS immunosuppressant method development %RSD [per sample) | 0.00 | 0.09 | 0.22 | 0.21 | 0.56 %RSD [per sample) | 075 | 0.66 | 084 | 067 | 021 dispensed 1 ml into a 2 mL ampoule and 5 mL info a 5 mlL ampoule to investigate surface
revealed extensive sample to sample variability for everolimus, sirolimus, and tacrolimus. Several parameters such % RSD [overall 18 % RSD [overall 6.66 interactions.
as sample preparation, MS interference, and surface inferaction between the compounds and the glass sample S — | _—
i i i i i iabili Cyclosporin A 250 ng/ml Tacrolimus acrolimus
containers were investigated to determine the cause of the observed analytical variability. S T 2 TSt 3 Teoms A5 3 Somple 1] Sample 2] Sample 3] Sample 4] Sample 5 N g i
Avg Conc (ng/ml) | 251.7 | 250.0 | 2491 | 252.9 | 249.9 Avg Conc Ing/ml) | 2441 | 2226 | 22.52 | 2243 | 2188
%RSD (per ngple) 075 058 0 24 112 003 7oRSD (per sample) 0.92 1.80 0.69 2.28 1.35 4500 6100
% RSD (OV@FO”) 075 % RSD (OVGFO”) 4.25 *
4000 » 5100
bk Everolimus 1,500 ng/ml Tacrolimus 750 ng/ml 3500 _ 4100
=\ M e Sample 1] Sample 2] Sample 3] Sample 4[Sample 5 Sample 1|Sample 2| Sample 3 |Sample 4 |Sample 5 . / g
o Avg Conc (ng,/ml] 1436 1279 1444 1300 1535 Avg Conc (ng/ml) | 716.1 /11.0 683.8 6/8.9 653.3 & 3000 2209008 % 3100 —5
62 %RSD [per sample] | 0.84 | 0.46 | 079 | 0.43 | 070 JRSD [per sample] | 0.12 | 047 | 167 | 028 | 0.16 2 ' %28/
CH, 5 % RSD (overall) 5.55 g 2500 ' £ 100
e % RSD (overall 738 8 /
VeLeuMeval” Abu-MeGly Everolimus 25 ng/ml Tacrolimus 125 ng/ml - / 1100 ’ *
‘CH, OCH, gCHa |:MeLeu-D-AIa-AIa-MeLeu-Val-MeLeu 4-| ngp|e ] ngp|e 2 Somp|e 3 Somp|e A ngp|e 5 Somp|e ] Samp|e 2 Scmp|e 3 Somp|e 4 Somp|e ) 1500
Avg Cone (ng/mL) 22.27 2193 20.09 21.08 20.02 é\/g Conc (ng/mL) s HZ0 . 1242 et/ 1000 1001000 1500 2000 2500 3000 3500 4000 4500
E\/erO“mUS SirO“mUS TQCrO|imUS CYC'OSpOFiﬂ A %RSD [per sample] 2.472 0.0]1 1.20 0.10 0.93 ZRSD [per somple] 0.17 0.22 0.10 0.05 0.06 1000 1500 2000 2500 3000 3500 4000 4500 Concentration (ng/mL)
0 % RSD (overall) 3.50 _
/) RSD (OVGFO”) 3.59 Concentration (ng/mL)
I /\/\ulﬂ-componem spiking solutions containing sirolimus, everolimus, facrolimus, and cyc|osporin A were Surface area to volume ratio volume was 5.4:1cm?2:ml Surface area to volume ratio volume was 5.4:1cm2:ml
orepared in acetonitrile at 6 concentration levels ranging from 12.5-1500 ng/ml for Investigation
tacrolimus, everolimus, and sirolimus, and 250-50,000 ng/ml for cyclosporin A. e In order fo investigate the high RSD's observed for * Parameters investigated included: A correlation was observed between fill volume and linearity and also high RSD’s at low
o LCMS system: Agilent 1290 UHPLC with 6460 tandem MS system Sirolimus, Tacrolimus, and Everolimus; sample — Transitions (SIM vs MRM| concentrations. Higher concentration standards do not exhibit this sensitivity.
e Column: Phenomenex Kinetex 1.7pm C8, 2.1x50mm column nandling and analytical methods were evaluated — Use of Internal Standarc
| ¥ - and fested to see what factor(s) were influencing — Sonication of Samples Following Storage
o  Mobile Phase: O.1% formic acid in H,O:MeOH, gradient from 40:60 to 2:98 at 0.4 mL/min variability. — Fill volume (0.2 mLvs. T ml)
2 9
— — How Internal Standard was Added (Manual vs
o  MSMS Transitions: " T
Automated addition by using injector program)
Compound Name| Precursor lon Product lon Fragmentor Collision Energy SlM VS MRM IS vs no IS ) l]EOW COHCGHTF.E.TIOI’] (n|9/mL fo low Phgb/mhl_ r?]nge) SO|[|JJ“OHS of S|r|O|ImUS/' TCI(}ZJO&I:’HUS, End ev.ebrOthS ngn&gd
_ _ _ _ ' _ ' or use as spiking solutions can exnibit higher sample to sample RSD’s which could contribute to variability
Cyclosporin D 1239 1239 250 5 Everolimus Sirolimus Tacrolimus Everolimus Sirolimus Tacrolimus in clinical test results. The variability appears to be due to a combination of analyte interactions with glass
Cvclosporin A 1225 1225 250 5 MRM %RSD 2.34 2./4 6.40 IS %RSD 5.1/ 4.65 2./8 . )
yelosp and /or with each other and fill volume
FvorolmusD 084 6 303 7 280 g SIM %6RSD 2.02 2.10 5.70 no IS %RSD 4.69 4.38 2.44 ’ '
- 54 0% B . 7 e Cyclosporin A was 10 fold higher in concentration than the other analytes and was stable and consistent at
V mu . .
. i~qti ~qti all concentrations tested. Cyclosporin A was not influenced by any of the parameters evaluated includin
Sirolimus 936.5 4093 300 58 Manual vs Automated IS addition Sonication vs no Sonication . yHOSPOIn A W v any P J
_ _ _ other immunosuppressants and container fill volume.
Tacrolimus 826.5 616.3 220 34 Fverolimus Sirolimus Tacrolimus Everolimus Sirolimus Tacrolimus
Ascomycin 814.5 604.3 220 34 Manual IS %RSD 8.38 7 45 5.55 Sonication %RSD 9.30 9.44 2.52  The analytical variability observed with Sirolimus, Tacrolimus, and Everolimus does not appear to be o
Aulo IS %RSD 6.4] 6.14 9.10 no Sonicafion %RD | /.04 /.10 2.18 result of the analytical method or sample processing.
, . , L Fill volume comparison e The single component investigation indicated that both surface area and solution volume may play a
2) Singl t solufions of the ab yt d in acefonifrile at 3 pg/mL | S e - v By
Ngie component Soltlions of e Gbove Andiyles WETe prepared i dceioniiiie dt o g/ mt 1or Everolimus Sirolimus Tacrolimus Cyclosporin A significant role in the variability observed with low concentration immunosuppressant solutions. Consistent
tacrolimus, everolimus, and sirolimus, and 15 pg/ml for cyclosporin A concentrations Conceniration (ng/ml 25 25 125 250 fill volume reduced variability.
LC/\/\S . A | -| -IOO HPLC . h 64] O d /\/\S 02 ml Fl” %RSD 570 7]0 380 O()O . . . o . . . . .
y system: Agilent wit fandem V> system T L Fill ZRSD 310 340 3.80 0.70 o Higher fill volumes can reduce variability: 5 ml fill volumes resulted in linear calibration curves for low
e Column: Waters XSelect CSH C18 3.5um 2.1x10mm Guard Cartridge | S | vord 14 ' | oo : concentrafion immunosuppressant solufion standards.
® Investigafion of mobile pnase, column, gradient, autosampler vial vendor, and dispensing temperatfure effects were also evaluated fo see | Hi : : : :
. ' : 0 ' ] : 0 ' A ' : : ' > / / SN ' N e Higher concentration 100 pa/mlL and 1T ma/ml single component solution standards are consistent and
Mobile Phase: 0. 1% formic acid in H,0: 0.1% formic acid in MeOH, gradient from 50:50 fo 1:99 with moditying these parameters could mitigate the observed variability. No impact to the variability was observed. 9 P9 9 9 P

a flow rate of 0.5 mlL/min stable and do not exhibit sample to sample variability.

e  MSMS Transitions:

e Cyclosporin A was consistent regardless of parameter modification.

* The check standard was observed to be consistent tor all components and was filled to T mlL in 2 mL ampoules.

— Sirolimus: 236.5 > 409.3. EverolimusD, (IS): 984.6 > 393.2 : : :
| o ) * The largest contributor to high sample to sample variability for sirolimus, everolimus and tacrolimus appeared to be related to fill Surface inferactions can impact LCMS/MS results
B Everolimus: 980.6 > 389.2, EverolimusD, (IS): 984.6 > 393.2 volume. The multi-component solutions were stored in 0.2 mL unit volumes, with a larger glass surface to solution ratio than a Especially for low volume, low concentration immunosuppressants solutions
— Tacrolimus: 826.5 > 616.3, Ascomycin (IS): 814.5 > 604.3 typical T mL fill volume. Non-specitic binding to glass could be a contributor to the high %RSD’s observed. | | . : | . . w
e SIM Analysis * Another contributor could be compound to compound interactions. Special consideration should be applied during preparation & storage of spiking

solutions used in the preparation of matrix calibrators

— Cyclosporin A: 624.2, Cyclosporin D (IS): 631.2
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