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Comparison Between QQQ and HRMS (cont’d)

Introduction: Support of human microdosing studies requires ultrasensitive assays to monitor clinical pharmacokinetics

profiles of study compounds at microgram dose levels. The major challenge in developing such assays is to differentiate SPE with Agilent Bond Elut PLEXA (2 mL, 10 mg) plate and UPLC conditions: Table 1. Precision and accuracy of C-X and C-Y from 5 different lots of human Figure 5. Effect of target enhancement for the C-X product ion on Xevo G2-XS Figure 8. Representative chromatograms of C-Y using HRMS
trace amounts of compound signal from large matrix background. To explore the potential advantages of applying HRMS to . : plasma (QQQ) L-810 MS-MS TUNE WITH TE
optimize assay sensitivity by resolving isobaric matrix interferences, 2 compounds (C-X and C-Y) were tested and compared Plasma volume: 1 mL . R e a) Double blank b) STD3 (10 pg/mL C-Y plasma extract)
using traditional tandem triple quadrupole mass spectrometry (QQQ) and high-resolution mass spectrometry (HRMS). - SPE — automated on Tomtec (manual vacuum control): CX (n=5) CY (n=5) . 2910 291_1?27(;.’;)6200Da 100, 2 1: TOF MSMS ES+ 1007 Pl 1: TOF MSVIS Es+
Method: Compounds C-X and C-Y were spiked into human EDTA plasma separately and extracted with Agilent PLEXA Mixing PL with acid soluti ing Tomt tat . _ With TE (1.77e6) ' 80 s 8 C-Y: MRM1 o
solid-phase extraction (SPE) plates. The resulting extract was chromatographically separated on a Waters Shield — Mixing PL with acid solution using Tomtec (no rotation mixing) Nominal Conc. 0 60 ) ' hree
RP18 (50 x 2 mm, 1.7 ym) column with Waters Acquity UPLC system and quantitated using either a Sciex 6500 QQQ — Conditioning with ACN (0.5 mL) and then water (0.5 mL twice — for consistent loading) Sample ID (pg/mL) Accuracy (%) % CV Accuracy (%) % CV T W = 0] — » =)
with Turboionspray (TIS) under MRM mode or a Waters Xevo G2-XS QToF HRMS with ESI using ToF MRM with target . . " 2 0. | : [PRE" 2
: i — Loading under acidic condition 2 o i 2 fo2m W au 36 D
enhancement in sensitivity mode. 0 ] Y | o d Bl i P
] ) ) ) . . . . STD1 2 100.8 912 101.0 4.97 " 050 100 | 150 | 200 | 250 300 350 400 ! 050 1.00 150 2.00 250 3.00 350 4.00
Results: Regression of 5 standard curves extracted from 5 different lots of human plasma with a dynamic range of 2-2,000 — Wash with basic washing solvent (0.5 mL twice — for cleaner extract) O TP TP P T T T e e .
. . o . . . .pe . 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 1001 3: TOF MSMS ES+ 100 10 3: TOF MSMS ES+
pg/mL provided comparable precision (<10%) and accuracy (mean % bias <.11%) for C-X, Wlt'h a Iowe.r limit of quantification —  Elute under acid in acetonitrile, dry under N, STD 2 4 996 519 99.4 2.90 P . 252090025103 . 2520000250
(LLOQ) at 2 pg/mL, on both QQQ and HRMS. Similar results were achieved for C-Y with QQQ; however, the LLOQ e e
observed on the Xevo G2-XS was approximately 5-fold higher (10 pg/mL). « Reconstitution: 50 pL 20% ACN with 0.1% FA STD 3 10 97.8 3.06 97.3 2.98 100_*% Lo, 7514 002000 2% - C-Y: MRM2
. . ' ) ) ) . 29110 1 ¢
Conclusion/Novel Aspects: Increasing numbers of reports have shown that the use of HRMS could improve assay % ¢ 1495 Zz zz
sensitivity.2 Our evaluation results suggest that the LLOQ obtained on HRMS appears to be compound dependent. After « Injection volume: 10 uL STD 4 40 98.0 5.32 96.9 1.28 0 Without TE (1.49e5) ) N L
SPE sample cleanup, the Xevo G2-XS provided comparable sensitivity for C-X, but less sensitivity for C-Y by a factor S ° TR T b0 ak0 200 250 300 | 30 | 4d0
of 5, compared to the data obtained using the Sciex 6500 QQQ. The extent of sample cleanup may play an important * UPLC conditions (gradient of mobile phase A and B on Acquity): STD 5 200 97.3 2.66 98.9 2.90 “ 100, 135 2TOFMSMSES+ 100, . 2 TOF MSMIS ES+
role in this comparison. The mass resolving power of HRMS could potentially be more advantageous when applied to a Solvent A: 0.1% EA in wat 2 % O w s
relatively cruder plasma extract (eg, through protein precipitation or liquid-liquid extraction), which may minimize the method - Solvent A U.1% FA In water STD 6 1,000 98.0 5.54 98.4 265 0 o rea
development effort in terms of sample preparation. — Solvent B: 0.1% FA in acetonitrile 0 ""l"qo'lgb'“|'"1'50"'|"'1'}5'0'"|"'2'l|06"'|"'2'l|5'0“'|”'3'l1)'0"'|"'3'.|5'0"'|"'4'&)'"|'"4'.15'0“'|"'5'l|0'0"'|"'5'l|5'0"'|"'éb'o"'l”" = 0] = 401 C-Y: SIL
STD7 1,600 110.2 4.52 109.8 0.64 2 IR L "
063 - W 317 340 355359 385 495 )
. . aim = . 0 T - T - T T T T T T T r - r - r ime - : - - - T - - - - T T T - - ime
STD 8 2,000 98.3 4.84 97.8 2.28 Figure 6. Effect of resolution and sensitivity modes on S/N for C-X using Xevo G2-XS R T T A M - R B TR R T = M R it
IntrOdUCtlon Com parlson Between QQQ and H RMS (Weight: 1/x2 linear regression) & Z::ol(!wsscan of ToF MS 1: TOF MS MS ES+ Table 2. Precision and accuracy of C-X and C-Y from 5 different lots of human
100 SIN:RMS=164.88 434,153 0.0500Da -
1 3.194
* A microdosing study was planned to compare the PK behavior of the selected compounds in humans at a dose QQQ: C-X and C-Y Recovery and matrix effect on QQQ . Zg ] _ plasma (HRMS)
level of 100 pg. The results of this microdosing study were anticipated to be used to inform on human clearance - Specificity: _ LR Sens + TE i yo S/z';‘s' 165 w58 . o
and advance one of the study compounds to preclinical candidacy . Double blank - no peak in C-X or C-Y channels at the retention time of C-X or C-Y (Figures 2a and 3a) - CX e I N N LN LI -GV -G CX (n=5) C-Y (MRM1) (n=5) C-Y (MRM2) (n=5)
* Quantification of all study compounds required ultrasensitive assays with 2 pg/mL quantification limit P g — Recovery ranged from 69% to 81% for both analyte and ISTD 20150015 o e b 20 20 o 0 4'00431:122?4?05? el i
. . . . . . . . ign . . . i . 1007 T °
* The triple quadrupole MS (QQQ) is currently the primary tool for quantitative bioanalysis due to high sensitivity . C_%roclaocll rglgressmn based on the 5 curves from 5 lots of plasma, including hyperlipidemic and hemolyzed lots — Absolute matrix effect ranged from 57% to 60% (significant ME but consistent across 5 different lots Zg : Sons mode o0l Sample ID (pg/mL) Accuracy (%) % CV Accuracy (%) % CV Accuracy (%) % CV
« QTOF HRMS is mainly used for qualitative workflow; recently, interest in using HRMS to address sensitivity (Table 1): of plasma) = 0] . SINES
i i i i i — . 0% - 0 0% - 0 - - i . 1 031 079 1.04 145 170 192 304.23 ‘ébgé 382%3 o 38219.33 31'1150
issues in quantitative analysis has emerged Accuracy: 97.3%-110.2% and 97.3%-109.8% for C-X and C-Y, respectively — ME Factor based on peak area ratio ranged from 98% to 102% e e 0 ot s i S s o STD 1 2 96.9 9.1 -65.5 58.2 -129.3 43.6
* A comparison between QQQ and HRMS was conducted using two of the microdosing compounds (C-X and — Precision (%CV): <9.1% and <5% for C-X and C-Y, respectively 55 050 100 150 200 : 300 350 0 s
C-Y) that had relatively low MS response on QQQ —  Good signal-to-noise ratio at LLOQ (Figures 2b and 3b) ° Gy e . STD 2 4 102.6 95 41.8 66.0 254 28.4
Evaluation plan — No significant carryover after the ULOQ injection (Figures 2d and 3d) — Recovery ranged from 68% to 71% for both analyte and ISTD s fos + 6 R A T S/N: 100
 Selected compounds: C-X and C-Y from microdosing study Ab , — , : 07 oo 0z 2z L 2 a0 5 w4 STD 3 10 108.4 5.2 57.6 20.1 85.2 19.3
. - - solute matrix effect ranged from 66% to 70% (significant ME but consistent across 5 different lots 0 {8452 s Wl | 55 are 4 BT sz 45823 : : . : . :
- Use the same extraction procedures and UPLC conditions Used sum of 2 MRMs for C-Y to get better accuracy/precision at LLOQ of plasma) o JEr maaat e s e et S e et e e s e
* Compare the data from different MS platforms: — ME Factor based on peak area ratio ranged from 98% to 102% . el e 431:1222%5%2% STD 4 40 101.5 11 98.2 6.5 984 14.5
— QQQ: Sciex API 6500 TISP, positive mode Figure 2. Representative chromatograms of C-X on QQQ ® 02 | 2z - |
’ * o Res mode " | STD5 200 107.8 5.3 109.6 8.9 108.2 5.8
— QToF HRMS: Waters Xevo G2-XS HRMS: C-X and C-Y I . 259 . § ) 4 » : . . . : :
(a) Plasma blank (b) C-X plasma extract at LLOQ (2 pg/mL) : ZE L .18?4'31 L. —— ﬁ&l_l_lh .1%'7?81. . Téé‘;‘%zl e . ' 142y 3“‘;2[;
" 093 - 110 » Compound behavior on Xevo G2-XS: I I 050 I 100 I 150 I 200 280 300 350 400 STD 6 1,000 89.6 3.6 103.4 6.6 104.3 7.7
= - - I . i b) ToF MRM
Sam ple Pre pa ration Challenges 1200 [ - —  Similar to QQQ, 2 significant product ions were observed for C-Y (Figure 4) o SIRS=337.53 2. TOF MSMS S+ STD 7 1600 96.9 o4 100.2 6.4 100.5 56
ed - Rl T 291.097 0.0500Da y . . . . . .
& 8;;; & - — On Xevo G2-XS, TOF-MRM using sensitivity mode with target enhancement (TE) provided the best “] 116764
. - - . . _72; V1 % o4 . . . . 60
LICIUI(_]-|!qUIdLE)I;tractlf).n (LLE) ” H (oH 10Y with diff : | MIBE vs E{OA § ool 0_881‘“'\ }15 I ﬁ‘ signal-to-noise ratios * Sens + TE S/N: 338 STD 8 2.000 96.4 3.4 887 1.9 88.6 21
° 1 1.61 ; . . . | ]
Optimized conditions under different p /(p f5 vs 10) c\:NIt di ec;ent extraction solvent (MtBE vs EtOAc) 00| g 0‘33 o_sw‘;&.\W\ N&_m | M,‘/1~751 i 000] o o.ssw }H% 151, 155 . - TE improved signal by about 10-fold (Figure 5) ] (continuum) N
» Result: Very low signal-to-noise ratio at 2 pg/mL for both C-X and C-Y (Figure 1a L N N AR A AT N L P N o dumtall T g Al - e . . . . . ] 2140 Weight: 1/x2 li [
! ylowsig | ! P (Figu ) 00 L’ *"\“\ R “, ‘%L”W*‘WW“‘W,W 00 MM“WW‘“U‘ . ”"w P‘M‘M‘”"V‘r’“{“ﬁ%% + Sensitivity mode with TE gave the best signal-to-noise ratio for full-scan ToF MS (Figure 6a) ’ ' 150 ' 180 ' 200 ' 250 ' 240 ' 250 ' 280 ' 30 (Welght: 1 linear regression)
Solid_phase extraction (SPE) — sorbent selection 00 02 04 06 08 10 12 14 16 18 20 22 24 0.0 0.5 1.0 : 15 20 25 1004 S/IN:RMS=288.79 2 TOF MSMS ES+
Time, min ime, min ° Fiv/i i i H i iv/i H R
- Waters uElution plate (HLB and MAX) for 400-uL sample — high background from HLB extract and significant Sensitivity mode with TE (continuum) provided additional sensitivity to ToF MRM (Figure 6b) N 251087 0.5000a
loss from MAX (c) C-X ULOQ extract (d) Carryover after ULOQ . ificity: o ] :
Specificity: o Sens + TE S/N: 289 C |
« Agilent Bond Elut PLEXA, PAX, and PCX for 1-mL plasma sample . N , . ] " onclusion
_ PLEXA gave reasonable recovery but high matrix effect et ] tot] — Douplg _blank - no peakl in C-X or C-Y channels at the retention time of C-X or C-Y (Figures 7a and 8a); 2 | o
. ; . 1264 specificity was also achieved in the SIL-ISTD channels 0 : , : y : . : : , : : , , : : :
— PAX gave good recovery with neat solution but very low (~10%) recovery with plasma sample . o | l 150 180 200 R 260 250 300
— PCX - significant loss during loading step g & 805:07 \ » The standard curves regression from 5 lots of plasma, including hyperlipidemic and hemolyzed lots, are 107 e e, .
R g o ed | ’ ’ f o e The LL rv ing HRMS w mpoun nden
+ PLEXA 10 mg ve 30 mg (Figure 1b and 16 e summarized in Table 2 | e LLOQ observed using S was compound dependent
. . i Wl W 1.60 .. . . e . o ] - . .
— In general, 30 mg is recommended for handling 1 mL plasma | | | 5066 o) o ‘(»u v’*fm 1l LY Ty D — Similar LLOQ (2 pg/mL) was achieved for C-X, while about 5x worse sensitivity (LLOQ ~10 pg/mL) was vy Res + TE SIN: 294 — Compared to the data obtained using Sciex 6500 QQQ, Waters
— However, 30 mg PLEXA gave significantly high background and low signal-to-noise ratio " | | | | | ol Y T il observed for C-Y on HRMS 2 ] 2 X G2-XS e ble LLOQ for C-X but | i
— Instead, 10 mg PLEXA was selected as the final choice for C-X and C-Y 00 be R— 20 2 0o os O e 20 2 _ The SIN ratios at their corresponding LLOQs were reasonable (Figures b and 8b) 0 : — : — : — — : — evo - proviaed comparable or G- Ut 1eSS sensiltvity
» Optimize each step of PLEXA extraction, including conditioning, loading, washing, and eluting for C-Y by a factor of 5
Figure 1. Chromatograms from different extraction methods (C-Y, LLOQ at 2 pg/mL) Figure 3. Representative chromatograms of C-Y on QQQ Figure 4. Product scan of C-X and C-Y on Xevo G2-XS Figure 7. Representative chromatograms of C-X using HRMS e Future directions:
(a) LLE (0.4 mL PL) (b) PLEXA-10 mg (1 mL PL) (c) PLEXA-30 mg (1 mL PL) (a) Plasma blank (b) C-Y plasma extract at LLOQ (2 pg/mL) C-X C-Y a) Double blank b) STD1 (2 pg/mL C-X plasma extract) . . .
. 7 e cX — Summing multiple product ions could be explored on the G2-XS
3.0e4 | PL blank PL blank fl‘, 3.0e4- \' PL blank 1,204 J‘M 100+ 11017 1007 100 291,098 0.0250Da 100 19 / 291.098 0.0250Da . . ngn P
- o ‘\p,‘ o ‘J’\ CE=22V CE=25V i B Q-ToF, which may provide additional sensitivity for C-Y
0841 ed | | .O€ Ve 1.49 rea
N ‘ i‘ 1.0e4 oss 1.32\‘ “‘,1,49 " g o] 0788. ‘1.&32\M N g 19 o . .
} | gooo T e F o0 om )‘MMe\‘,\w s P . . ! — HRMS may be more beneficial when applied to the relatively
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(N DV I o AL L' Jw ot g o o] T e I g CE=30v o cruder plasma extract (eg, through protein precipitation or LLE).
2 gl BB gy O \Are [T amo) [ VA AN VAR i Hhsr 2 i iti i i
5000.040'2,-'3;"3“2;73 ' QEGW - YM“ZWU“M jfi ZOOO'O’MJ Al 5000-07MJ‘ v - v 0'003%2)% 04 06 08 10 12 14 16 18 20 22 24 O'OU.ENAJ 05 10 15 Qov - ;j‘.s ® % ’ 04650]9 N 270 305311 362 3.5 H RMS COUId prOVIde addltlonal reSOIVIng power (Improved S/ N)
050 02704 05 08 1‘.oT:r'.§e’1r:i1n1’.s 18 20 22 24 %0 02 04 05 0B 10 T1m?e1m?n 16 18 20 22 24 050702 04 05 08 10 T:rfe,::i‘n 16 18 20 22 24 Time, min Time, min . o 0 050 100 150 2,00 250 3.00 350 400 7 ey Y e A If SpeCIfI Clty | ssue | s en Countel’ed u Sln g QQQ
1001 1.44 1: TOF MSMS ES+ 100~ 171_ 1: TOF MSMS ES+
v C-Y: 2 pgimL (c) C-Y ULOQ extract (d) Carryover after ULOQ 0 o 143 1-6"’l » 252104 0025002 468 252 140025102
1.07 .54 - . R .19
1.?9 3.5e4 0.5 — 107 i 1.38 [M + H]+ 80 11:99 /1.631 oo a3 ” C-X SIL s
2ot ‘\ 2.0e4 | 3.0e4 H . AM 0 ' 182] | | (229 3.12 .
| Y+ 2 pglmt H 1504 - b 7] - o Y| 2 M + H]+ 2 T L -
g 15ed g 1%, & 20e4] H 094 444 | 2 10e7- g B00009 o M | A \‘I VlH st pr 293.0973 4351528 40 244 32 4
» : = | S S I I [} o7z .
-‘g _ i “ g 1004 . I g 1o IR \“ ek 7 60000 [ﬁ‘ » 0_85\‘}“/\ M)LM\« w,w_“ N . 1.;\33 o / - » . » 3/353593 753.83 io ) References
= 060 - B “ 220 = 027 I L‘-ﬂw(\\‘ i 186477 = o] ou | I ‘ W £ 6066y £ ool | " " e l} bl L' 1 T e ‘ I 8 11w o \I%ﬂjééw 2920807 2505 357" L2 e e RS 048 261 289 folate 084 086 124142158 10 55 282 328 1. Evens C. When you need a sensitive and selective method, the answer could be HR-MS?! The 9th Workshop on Recent Issues in Bioanalysis
> A0.,‘Ej\“;mvw«f‘hw‘ﬁ’.\f”iw VWWWWW ‘l“:‘1"7w2\;:”94h\ i . J\ﬂ\'\wwfjfww o Uu ‘W\r\’ﬁ‘«'m\%iﬂjzw v 5000.0- ‘v}rh‘w‘m ‘\"3”/”7’2'\‘,} o :E:z: Jt 200001 f‘ LV/WN i L\/‘I\MWW’\,J\W/""/J B0 TG0 120 140 160 180 200 220 240 250 230 300 320 540 %0 %0 40 420 40 40 480"‘/2 0 L I M R ebgl/z ’ 050 100 150 200 250 300 350 400 e ° "5 100 : 11,'50 ' /2,'00 — 25 300 350 400 fime (WRIB), Miami, FL, 2015.
0.003"““/ T o g zjom - W;E o.oo'owlu G T s 2‘.:; 2\.5 0.0054' AT S 00 s e s e g 005 Aﬁowz e O T T T s s e 7 2. Sun L, Bateman K, Alelyunag Y, Wrona M. Reducing matrix int.erference using ionKey/HRMS for the analysis of raltegravir in human plasma.
Time, min Time, min Time, min Time, min Time, min The 8th European Bioanalytical Forum (EBF), Barcelona, Spain, 2015.

Copyright © 2016 Merck Sharp & Dohme Corp., a subsidiary of Merck & Co., Inc. All rights reserved.




