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Simultaneous determination of selinexor, posaconazole,
venetoclax, and voriconazole in human plasma using ultra-high
performance liquid chromatography-tandem mass spectrometry
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Abstract: Drugs used to treat hematologic malignancies often exhibit narrow therapeutic windows,
significant inter-individual variability, and high risks of drug-drug interactions, necessitating
therapeutic drug monitoring (TDM) for individualized dosing. For patients requiring concomitant
antifungal therapy due to infections arising from severe chemotherapy-induced myelosuppression,
TDM can optimize plasma concentrations of both antineoplastic and antifungal agents. This con-
current optimization ensures anti-tumor efficacy while effectively mitigating the risk of invasive fungal
infections, positioning TDM as a critical component of personalized management in hematologic
malignancies. This study established and validated a rapid ultra-high performance liquid

chromatography-tandem mass spectrometry (UHPLC-MS/MS) method for the simultaneous
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quantification of the antineoplastic agents selinexor (SEL) and venetoclax (VEN), along with the
antifungal agents voriconazole (VOR) and posaconazole (POSA) in human plasma. Chromatographic
separation was achieved using a Kinetex® XB-C18 column (50 mm X 3.0 mm, 2.6 um) with a mobile
phase consisting of methanol and 10 mmol/L ammonium acetate containing 0.1% formic acid,
delivered at a flow rate of 0.5 mL/min under gradient elution conditions. The injection volume was
2 pL, and the total run time was 4.0 min. Detection employed an electrospray ionization source
operating in positive ion mode with multiple reaction monitoring (MRM ). Following optimization
of mass spectrometric parameters, the method underwent comprehensive validation. Calibration
curves demonstrated excellent linearity (7>0.994) over the ranges of 0.04-1.48 pg/mL for SEL, 0.15-
5.50 pg/mL for VEN, 0.29-11.77 pg/mL for VOR, and 0.15-6.05 pg/mL for POSA. Intra-day and inter-
day precisions (RSDs) were <7.1% at all concentration levels. Extraction recoveries were >85.3%,
demonstrating efficient and consistent sample processing. Method accuracy, determined by the
percentage deviation of measured concentrations from nominal values, fell within the acceptable
range of 87.4% to 109.0% across all QC levels, confirming the method’s trueness. The practical utility
of the validated UHPLC-MS/MS method was demonstrated through its application to clinical
specimens. We collected and analyzed 81 clinical samples from 30 patients with acute myeloid
leukemia treated with the combination of SEL and VEN. Measured plasma concentrations of SEL
in these patients ranged from 0.049 pg/mL to 0.646 png/mL. Notably, significant inter-individual
variability in the peak plasma concentration (C,, ) of SEL was observed within the same treatment
cycle for approximately 30% of the patient cohort. This study offers evidence-based support for
personalized precision therapy in this patient population, which exhibits substantial inter-individual
variability and complex drug-drug interactions in clinical practice.

Keywords: ultra-high performance liquid chromatography-tandem mass spectrometry (UHPLC-

MS/MS) ; selinexor; venetoclax; triazole antifungal agent; therapeutic drug monitoring
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Shy e DR L 1) S0 P IV s i, JEL YR T SR W 1Y) T
S MR 2 5T ) T . MEARE R, AR R
H (exportin 1, XPO1) Jy #1855 /4 55 #4 /N 43 F 4100 11 51
€ F| JE& R (selinexor, SEL) 7 & & /X6 7 MM ¥4
I R B O R T R, O AR A 55 B 2 O
BRI R AL . E AR A, XPOL R FE
AML S5 %M b g 00 S8 AR AE AR (A T
PR & SEL BX 5 B ik I 4H g 9% -2 K& A (b-cell lym-
phoma-2, BCL-2) #ll #l #| 4k Z% ¢ fii (venetoclax,
VEN) (U [RIN6 97 7 58 o 98 SCR [ 1, 2 4kl iz k&
FH 2 AT 38 gk BUEE AR AL A S R A i R T AR

1M, 258k 51 ke 09 52 2% 25 3 7 S AR ELAR T A
AR TR0 S I T R0, 8y 0 240 W DR 208 9 o g O
[f]

AML 5 72 A A7 S iR o7 il B v, vk
Hr 240 a2 B R 0 A IR T R OGO A 1Y Kk A
B3 BT AR 28 TR R e XU o AR AR R 1 i
I SR e 2 WU T AR, = ST B TR 25 ) AR ST
B¢ M (voriconazole, VOR) F1JH ¥ i #& (posacon-
azole, POSA) & W  f= 28 ¥k K & /& J¢ (invasive
fungal disease, IFD) Tl B 5 iR 7 B9 — LR £ . R
M7, I 28 25 99 4 O 58 280 40 i €2 R P450 3A4 (cyto-
chrome P450 3A4, CYP3A4) fiff iy 3 i 5] , v 3 ik 24
Yy ARG Y 5 B9 AR TR 2 52 i VEN (CYP3A4

SIRARSC: MM, 25 H DT, 7 U M OB € i - e Tk (] I SN o e FE R R AR AR R AR ST R

TP HEME . f555% 2026 ,44(3) :349-356.

XIAO Xiong, LI Yue, HU Jinfang, WAN Qing, PENG Hongwei. Simultaneous determination of selinexor, posaconazole,
venetoclax, and voriconazole in human plasma using ultra-high performance liquid chromatography-tandem mass spectrom-
etry. Chinese Journal of Chromatography, 2026, 44(3): 349-356.



H R A OB € T - R B SBT3 1 [R] I S N L S B ZE R JE R AR TR

#5034

PR e M J2 37 V> R e - 351 -

W) B AR N R EE . HlE SC#k[4-7 B, VOR 5
VEN B¢ ] mT fiff 5 25 i 245 e B8 - ) iy 46 °F i AR Y
PIIEIR7 Y - & N =8 A A

BT LRI R PR AR, ST R HE 0 R T 25 ) W DU
(TDM) IR RZ XS RIS 2y etk R X HEE, #
o R A i - R B 5 3% (UHPLC-MS/MS ) 4% A AL A
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99.0%; SEL W 5 9F i5 # JE (fedratinib, FED) g H
F[E MCE A wl, 2l 99.59%; B liE K 2 (FR i 4l
[ FEBR R B A R A A ) s oK S B R
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, i 4% % Kinetex® 2.6 pm XB-C18 &, % fi
(50 mmx3.0 mm,2.6 pm), i s A 5 0.1% H
2 ) 10 mmol/L £ MR ¥ /K VW , i sh# B iy H i,
b BE ¥k B 72 40 F : 0.01~1.0 min, 50%B~90%B;
1.0~2.0 min, 90%B~100%B; 2.0~2.1 min, 100%B~
50%B;2.1~4.0 min, 50%B. i # & 0.5 mL/min,
MR 40 C, R 2 pL.

FE & R MW g B TR, R R TR 2
SN WS I 448 50 B o B 1 XF L & & L & (decluster-
ing potential, DP) | filf & fig ( collision energy, CE)
LR BRI 1) (t) 55 B i S8 0L 1,
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Table 1 MS parameters and retention times (¢,) of the
four drugs and their internal standards

I i CE/ t/
on pair DPV -

Compound
pou (m/z) eV  min

Selinexor (SEL)

Fedratinib (FED)
Venetoclax (VEN)
Venetoclax-d8 (VEN-d8)
Voriconazole (VOR)
Voriconazole-d3 (VOR-d3)
Posaconazole (POSA)
Posaconazole-d5 (POSA-d5)

443.9/334.0 95 30 1.72
525.4/97.9 95 67 1.55
868.4/636.3 210 39 2.02
876.4/329.3 210 58 2.02
350.2/281.2 90 13 1.44
353.2/284.2 90 13 1.44
701.3/614.4 181 51 1.85
705.3/618.4 181 51 1.85

DP: declustering potential; CE: collision energy.
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1.3.2 SEL.VEN.VOR .POSA #7/ ¥ # &y . %]

F % PRI SEL 14.78 mg B THE @25 =i, hn
A TCIK T T4 40, B ) T R Bl 0.295 6
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2.354 mg/mL 5 EGE £ W -

K % R HL POSA 15.13 mg & T 25 mL & & i
A A OT R 5T, C B S R B R 0.605
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(TR A5 0T VA VR . RO 5 % IRV W, Y 50% H K
VS WA LU AR R IR A B0 B TAE W, o rh SEL Jit it vk



+ 352 1,

i % 44 %

9 14.78.7.39.3.70.1.85.0.74 .0.37 wg/mL; VEN
} 55.00,27.50,13.75.6.88.2.75.1.38 pg/mL;VOR N
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quality control, H-QC) . # ¥ & 57 ¥ (medium con-

centration quality control, M-QC) . ik ¥ J& i &
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K % PR B POSA-d5 . VEN-d8 ,VOR-d3 /% FED
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min, 4 CF LI 13 000 r/min % > 10 min., HX 200
pL B R RE ST

2 #FER5WR

2.1 BIEFHHMRL

T ARAT 4 Bl 25 W d e R R ORI 3 U
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R WIR : OG- B EE-KAE N R S A B, 4 Fp 25 )
o 3 WP B 25 o FE R Bh AR &R R Ay A i 10
mmoV/L £ R & 2% wh &k , (o ik 1 I 45 3 — i ol 3% , 5
KA 43 25 Wy e g ATS AR o AE U B AE AR & s o
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P 0.1% H R Y 10 mmol/L Z 2 #% 7K 1% Wi - FH 5
AR . ASBESE 4 B2 B BRI R AR
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DP .CE . & TR il B A0 i S i RER B 280, LA
4 T2 1y 53 3 25 e N A VT 48 b D0 AR S AR A
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( J & % 7% 4> 9 4 SEL 1.48 wg/mL. VEN 5.50
png/mL . VOR 11.77 wg/mL Fl POSA 6.05 wg/mL) [
JO i e AL, % 30 I - HLEE VAR Rl 1:4 2 i
R A UTTER L
2.4 FHIEFWIE
241 HHEM

R 55 UE % 43 B O VR R A8 DX A3 AR 25 ) L N A
JE 0T ) P TR M A ST R it LA ) I, AR A 5 R
6 A~k A AS [R) £ B9 1L 3% FE AR 100 L, i A 20
pL & 0.1% HUER (19 W BE AR N bR AR, # BR 1.3.5
TR L3RR T4 By b B R AR A, RS 6
Oy 25 L SERE S s . 53 B (2R FE AR 100
pL, #2 B8 1.3.5 715 T I RE S T0AL B 7 vk SRR R
T BRAFAL T bR 0 25 I 2R 23 T . 1 5 B
iR {2 90 wL A 10 pL iR &8 TER
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0.02
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0.014 |
N “‘ i I
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2 M1 15N
E} 1| (LY |
N Ut M ‘
2
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|
0.2 I m/z350.2/281.2
n
0.1 ol
| L T
o O T L P Y YL
Posaconazole (POSA)
0021 m/z701.3/614.4
0.014
[T IRART
0 LAl

05 10 15 20 25

t/min

( 5 & ¥ B 4> 5 & SEL 1.48 pg/mL. VEN 5.50
pg/mL VOR 11.77 wg/mL Hl POSA 6.05 wg/mL) fi¢
B I3 35 o DC C VR G B B TRV A . #1305
T ISR S AL B 7 vk b B AR A, RS A
7 U 285 4 K 9 A %) ISR o €83 181 . A
T AR A5 ) (3% 9 & 3L, SEL . VEN ,VOR £ POSA
FR A5 B N ) 43 59 A 2.02.1.72.1.44 .1.85 min, 6 4~
25 ISR A o A S R 0 245 ) 5 A ) R T A X
O B8 B[] Ab 34 o o B0 €0 35 0 S 5 PR A 19 25 1 Il 3K
FE i 75 25 7 DU 245 ) 5 A T 368 308 A XoF 7 £ 78 B[]
Qb A, 35 A B i 0, 3% W% 43 A O TR B B AR 4T b
DX 43 o WU 245 %) PR b JBE ) PR IR P A BRI R i
() oAb T, 7 VR e B R A, b — o fl A %S
P I 2% R € 3 1] 450 2 5 I DG R A B R TR
WRE i CINAR Il 28 ) o 2% 1 DU 24 4 iy e 7Y 0 5% 4]
L 1,
242 HREBN

I 6 AN [ fg N Y 28 [ I % 90 pL, 4% 1.3.5

Spiked plasma
Selinexor (SEL)
90
m/z443.9/334.0
50
10
0
Venetoclax (VEN)
60 -
m/z 868.4/636.3
40 4
k= 20
z
z 0
g
= Voriconazole (VOR)
500
m/z350.2/281.2
300
100-|
35 Posaconazole (POSA)
m/z701.3/614.4
25
15 A
0

05 10 15 20 25

t/min

E1 BREAZANEZERESNRERCERRESHE TERER(MRNE) PEFUNGYHAREER

Fig. 1 Typical chromatograms of analytes in healthy human blank plasma and plasma matrix-matched mixed gradient work-

ing solution sample (spiked plasma)
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7ML 2 b A BE vk A BEAS BOR A R D 25 ) B S
FI 365, A L-QC  H-QC P A ¢ & /K A9 TR A TR
SRS HA W 10 WL, A i 2% 3 TR A
FARACE M3, A L-QC . H-QC W4 4~ ¢ & 7K - Y
IRA BRI 10 WL, #% 1.3.5 735 I RE 5 b 23
J7 ¥ A BRAT 30 0 AR S, SERE DN E o A it
BRI R 3R TR I VR G R TR A Y R I 2
oy e T AR R PN b 06 T BRI BL A DA I S S T R
VA TR DN 245 Yy 0 T AR 55 O D A 0 T RRL L (B BR DL JE
L JBT R i VS R DN 24 4y 06 T AR 5 R N A 0 T AR L
[E 7 A R 7 = R A O S QA 5 R RN 2 = = A
RSD'"', &5 FE W], SEL 7F L-QC Ml H-QC Wi 4~ ¥
BEKSE T 19 AR I3 — k5L T R T 19 RSD E 43 51k
8.83% Al 2.38%, VEN 43 %l 2 2.80% #il 1.25%, VOR
SR 4.10% A1 2.18%,POSA 435514 4.34% F1 4.12%,
FEH] L3R 4 i 2 1 0 2 AN A2 5 ST RN () 5 I
243 WMEHL T ER

B 1.3.4 715 1fi 2% 35 5% D e VR 4 % TRORN Iff 2% 3
Jo DG JE o 9 95 U, 4% 1.3.5 95 I 2% RE S i A BE O R
Ab B HERESY AT o 3 DA RE I A 5 68 I P A 06 1T R
Fo 1 (V)% SEL . VEN . VOR .POSA ffi i i & (X) 1F
]S 2 A7 AT S 1/X . TG R T i R RO 9% 2R
KT, 45 A I PRS2 B B, 8 o & PR (limit of
quantification, LOQ) . #5535, SEL (¥ 8] 5 77 72
H ¥=16.26X+0.064 (r=0.996) , £k 1% 75 FEl & 0.04 ~
1.48 pg/mL, & & B2~ 0.04 pg/mL; VEN 1 [8] 15 77
TN Y=4.88X+0.096(7=0.998) , £k 1 5 [Fl o~ 0.14 ~
5.50 wg/mL, & f R M 0.14 wg/mL; VOR &Y [8] 17 J5
ol Y=6.48X+0.31(r=0.998) , £& 1 J5 Fl Ky 0.29 ~
11.77 wg/mL, & & B & 0.29 wg/mL; POSA ¥ [A] 5
7N Y=10.49X+0.23(r=0.999) , £k 475 Hl M 0.15
~6.05 pg/mL, E &R A 0.15 pg/mL,
244 BEE EHERERE

4y B e ) SEL.VEN,VOR.POSA i LOQ.L-
QC . M-QC .H-QC 4 ¥k Ji£ /K V- 114 1fiL 2% J 5t DE e o
PEVSWL, BV BE P AT & 5 0y # IR 1.3.5 1 Rl
HRE G AT A B Tk A B R AR R I SR 0 T A .
[ RE DT B 2k 3 R4 3 41 1.3.4 5 F Ifi 3¢ S i T
Tt V8 A A Y0 I, 2% 35 S5 DG et Jo 97 5 VO 2R AR A BT
THE H N K H [B)KS % 5 (RSD) e o 52 o [ 15 i
#il SEL,VEN ,VOR ,POSA i L-QC . M-QC .H-QC 3
AN BE 7K ST B i 3 35 S5 DS TR R SV A 6 Oy, He
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Table 2 Intra-day, inter-day precisions (rn=5) at LOQ, L-

QC, M-QC, H-QC levels and extraction recoveries
(rn=6) at L-QC, M-QC, H-QC levels for the four

analytes
Analyte Content/ Intra-day Inter-day Extraction
(pg/mL) RSD/% RSD/%  recovery/%
Selinexor 0.0 5.0 3.8 /
0.1 5.3 5.7 87.9
0.7 5.9 6.6 90.3
1.1 3.5 3.1 96.1
Venetoclax 0.1 5.7 6.4 /
0.4 3.6 4.2 85.3
2.8 0.3 0.4 87.5
4.1 4.3 2.6 89.3
Voriconazole 0.3 1.9 0.7 /
0.9 4.6 1.3 93.1
5.9 4.1 1.0 92.8
8.8 4.6 1.9 96.1
Posaconazole 0.2 0.6 1.5 /
0.5 7.1 2.7 88.0
3.0 1.0 1.3 91.9
4.5 3.0 3.2 97.5

L-QC: low concentration quality control; M-QC: medium
concentration quality control; H-QC: high concentration quality
control. /: the experiment was not conducted.
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Table 3 Stability of four drugs in plasma matrix-matched
quality control solution and processed plasma
samples at low and high concentration levels un-
der different temperature conditions (n=3)

RSDs/%
Analyte Content/ Freeze Auto-
(pg/mL) -80C 4T
and thaw sampler

Selinexor 0.11 3.64 6.43  0.58 4.59
1.11 2.30 5.27 1.55 3.54

Venetoclax 0.41 3.35 3.35 3.89 3.61
4.13 3.77 3.77  2.65 1.28

Voriconazole 0.88 0.67 1.07  2.06 4.56
8.83 2.24 2.33 1.23 3.35

Posaconazole 0.45 2.17 3.35 5.13 2.45
4.54 2.96 343  2.64 2.87
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2.47 EHIF Y
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BB TAEWFEAS (SEL 1.48 pg/mL.VEN 5.50 pg/mL.
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Fig.2 Independent sample T-test analysis results for SEL
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Table 4 C . values of SEL in some patients with multiple
blood drug concentration monitoring during the

same treatment cycle wg/mL
Patients
Blood collection time
#1 #2 #3 #4 #5
Week 1, Ist day, C4h" 0252 0.376  0.049 0355 0.347
Week 1, 5th day, C4h 0.047 0.479 0.288 0.646 0.515
Week 2, Ist day, C4h 0.427 0.095 0.105 0.276 0.612
Week 2, 5th day, C4h 0.263  0.326
Week 3, Ist day, C4h 0.084 0.243

* Blood concentration at 4 h post-dose on the first day of
Week 1.

VEN .VOR .POSA, 45 i T R & A& 3% B} 8], T 78 &
F O BIA IT RO S A Bl B 25 W 7 v s B R B
W IR IY T %o

3 &g

AR 5 3 ST T Al P v 0 AH 0 - R I T
] BF 3 52 A I3 of SELPOSA \VEN & VOR 1Y )5
o BB ENEA R D RN RS,
WERR RS E A7 A I DR e 38 it DO RS T A oKL 3E A
FIf R MM 5 AML 8 25 99k 3 i W i

S E WK

[1] Jiang J, Wang Y, Liu D, et al. Inmunotargets Ther, 2023,
12: 135

[2] Lin L H, Gao S Q, Mei X Q, et a. Journal of Experimental
Hematology, 2024, 32(4): 1085
MRBEES, NI, MR AR, AL SRV S Ak, 2024,
32(4): 1085

[3] Maschmeyer G, Bullinger L, Garcia-Vidal C, et al. Leuke-
mia, 2022, 36(5): 1215

[4] Khanina A, Tio S Y, Ananda-Rajah M R, et al. Intern Med
J, 2021, 51: 18

[5] Hall VG, Tang K, Kumar D, et al. Open Forum Infect Dis,

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[14]

[15]

[16]

2023, 10(3): 134
Gao P, Zhang W, Fang X, et al. Pharm Biomed Anal,
2023, 227: 115279
Dong J, Liu S B, Rasheduzzaman J M, et al. Pharm Res,
2022, 39(8): 1921
Yang J, Wang H, Liu D, et al. Drug Des Devel Ther, 2025,
19: 3681
Fan W B, Zhuang J C, Fan J, et al. Chinese Journal of Clini-
cal Pharmacy, 2023, 32(9): 692
TR, EF A, R, AF . PRI R 25 2 Je Ak, 2023, 32
(9): 692

Zhang F Y, Zhang R X, Gao H E, et al. Journal of Tianjin
Medical University, 2022, 28(2): 195

KRR, kR ER . R EL, L KIBER R FMR, 2022, 28
(2): 195

Wang Y Q, Wang H F, Fu Q, et al. Journal of Clinical He-
matology, 2024, 37(9): 643

EME, EEIF, AU, SR R IR 2R K, 2024, 37
(9): 643

Yuan Z L, Fan Y X, Gong Y Y , et al. Chinese Journal of In-
fection and Chemotherapy, 2023, 23(6): 777

B e, B, SRR, b E R ST A, 2023,
23(6): 777

Zhang Y Y, Liu W, Zhou C Y, et al. Chinese Journal of
Clinical Pharmacy, 2020, 36(12): 1697

skRITTT, XU4E, M, A5 . b E IR R 25 B AE 2Rk, 2020, 36
(12): 1697

Chinese Pharmacopoeia Commission. Guidelines for Vali-
dation of Quantitative Analysis Methods of Biological
Samples. Beijing: China Medical Science Press, 2020: 466
[ K25 5 DY 2% . AR MR O e A3 BT 1 SR S S L
T: I B 2GR RRAL, 2020 466

LiY, Wan Q, Wan J, et al. Pharmacogenomics J, 2024, 24
(6): 37

Zhou C J, Wang H J, Zhou C Y, et al. Drug Des Devel
Ther, 2021, 15: 1561

Yan X T, He X, Yang X, et al. Anal Methods, 2024, 16
(7): 1050

Xu E G, Tong J, Wei W, et al. Chinese Journal of Clinical
Pharmacy, 2023, 39(20): 2995

ToR e, AR, B, S5 P IENIR R 24 B2 2Rk, 2023, 39
(20): 2995



