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W E B# ZZREMNEA LR T TG SN (F R FRAE GRS S BRI SR ek e TR EE%) e
REA T R R TR, Fik R AFRA4E0.1% FiRe FE-CHRSR(L: L, V) RER G, ASFMN RS 6 TAKF
fiZ b M AR, R R i Al €35 - 8 B R 3% (LC-MS/MS) # A4, A Agilent Eclipse Plus Cus 4 &3 42, VA K (4 0.1% F B2 A= 0.04%
5 mmol/L W i54%) A RS0 A8 A48 T (4-0.19% W BL ) iR 3048 B AASEAT 40 20 BL, 71k 4 0.6 mL/min, A£:8 4 40 °C, 348 4 10
L, AT A 5.5 min; R B EFEE T RAEE A ETHEXT RS E B EMNFEX TN, AT 22 EF 255 4 miz
587.1—>167.1(fF ) .m/z 360.1—244.1 (F3A4LiE ) .m/z 876.4—308.0 E 4582 ) .m/z 830.3—304.2( % BHHLR ) .m/z 372.1—129.1
(HEH ) im/z 284.15242.1 CGRoded ) im/z 455.0—308.0(F SRS ) . RBRIE 97 4] THERY 78 &, R ik o7 skl 2 3L o 2
THRAM B H DA R HRE, ER P BR TR B SR 3535 kol fe P 2309 MR E 5 5 A 2~
1 000 ng/mL(»=0.994 3) .20~10 000 ng/mL(#=0.997 5) .2~1 000 ng/mL(»=0.997 9) .1~500 ng/mL(=0.995 8) ,1~500 ng/mL
(r=0.995 2) .1~500 ng/mL(7=0.996 4) \10~5 000(7=0.997 7) ; & & F FR5% % 2.20.2.1.1.1.10 ng/mL ; #t 144 % £ 49 RSD %
0.08%~14.86% (n="6) , #1845 55 £ 49 RSD # 1.51%~11.55% (n=3) , f #4 J& 4 89.17%~114.93% (n=6) ; £ JR 2L & % 89.89%~
119.74%(n=6) ; # & M X369 RSD 4 1.98%~14.88%(n="6), W6 KM A %L R BT L HME FIALE EAHE S HIENGTH
A 25 3R JE 55 #7 704.09,909.40 ,36.45,150.43 ng/mL, & 5 & # 55] H 25.24% .62.65% ,122.69% .92.27% ., £51& i # LC-MS/MS
AR L o ATRT IR AR, AT T R AR P T AR R U 25 A e 25 R B 2
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Determination method of plasma concentrations of 7 anti-tumor drugs and its application
LYU Jinxiu, YAN Nan, XU Wenjun, ZHAO Jing, ZHU Hua, HANG Pengzhou (Dept. of Pharmacy, Northern
Jiangsu People’s Hospital, Jiangsu Yangzhou 225001, China)

ABSTRACT OBJECTIVE To establish a method for simultaneous determination of 7 anti-tumor drugs (irinotecan,
capecitabine, paclitaxel, docetaxel, tamoxifen, letrozole and methotrexate) in human plasma and apply it to the clinic.
METHODS After precipitating with a methanol-acetonitrile mixture (1: 1, F/V) containing 0.1% formic acid, liquid
chromatography-tandem mass spectrometry (LC-MS/MS) was used to determine the plasma concentration, using deuterium isotopes
of each analyte as internal standards. The chromatography was performed on the Agilent Eclipse Plus Cis column with a gradient
elution of water (containing 0.1% formic acid+0.04% 5 mmol/L ammonium formate) as mobile phase A and acetonitrile (containing
0.1% formic acid) as mobile phase B. The flow rate was 0.6 mL/min, and the column temperature was set at 40 °C. The sample
size was 10 wL, and the analysis lasted for 5.5 min. Electrospray ionization was used in positive and negative ion mode, and
multiple reaction monitoring mode was used. The ion pairs used for quantitative analysis were m/z 587.1—167.1 (irinotecan), m/z
360.1—244.1 (capecitabine) , m/z 876.4—308.0 (paclitaxel), m/z 830.3—304.2 (docetaxel), m/z 372.1—129.1 (tamoxifen) , m/z
284.1-242.1 (letrozole), and m/z 455.0— 308.0 (methotrexate). A total of 97 patients with malignant tumors in our hospital were
selected to measure the plasma concentrations of 7 anti-tumor drugs using the above method. RESULTS The linear ranges of
irinotecan, capecitabine, paclitaxel, docetaxel, tamoxifen, letrozole and methotrexate were 2-1 000 ng/mL (»=0.994 3), 20-10
000 ng/mL (»=0.997 5), 2-1 000 ng/mL (»=0.997 9), 1-500 ng/mL (#=0.995 8), 1-500 ng/mL (»=0.995 2), 1-500 ng/mL
(r=0.996 4), 10-5 000 (»=0.997 7), respectively. The quantitative lower limits were 2, 20, 2, 1, 1, 1 and 10 ng/mL; RSDs of

intra-assay precision were 0.08%-14.86% (n=6). RSDs of

A BESTE b AR E b7 4 46 28 L T F 4 4 (No. inter-batch precision were 1.51%-11.55% (n=3) , and the
SBQN22012); At A R EEBE BE Ak FFH AR I H (No.FCIS202313) accuracies were 89.17%-114.93% (n=6). The matrix
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effects ranged from 89.89%-119.74% (n=6). RSDs of the
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irinotecan, capecitabine, paclitaxel and docetaxel were 704.09, 909.40, 36.45, 150.43 ng/mL, respectively. The values of the
coefficient of variation were 25.24%, 62.65%, 122.69%, and 92.27%. CONCLUSIONS The established LC-MS/MS method is

simple and rapid, and can be used for the simultaneous determination of 7 commonly used anti-tumor drugs in the plasma of

patients with malignancy.

KEYWORDS anti-tumor drugs; therapeutic drug monitoring; plasma concentration; liquid chromatography-tandem mass
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S MR 5 B0 T B SRS AN Wi 3, (BT g
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il IV 9E A e 5 5 S IR A e T VR L A TETR T
FEEIC, 2T AE 245 HR BE 5 25 580 B AH DG A i 25
SR (AT, e Arffeg 8 110 A 3L FLIR S Can A e
B O ) v IR 1 ICAE 55 ) 23 52 M TR 25 1)
23R Jy 2t AR DN S 0 AR ) R BE , BEARIBT7 AL
SRR RS, HFIEEE 2 4% PRI A
TS 25 A EAE T EOR B SO AR, AT L, I R
TE IR BB T 25 25 05 28, I 580075 SRR E A
YRR LA = 25007780 s D B RIEHT

IR JT 259 Wi I (therapeutic drug monitoring, TDM )
S TR E AR YR (I R 72, Al e
AT AR A 250 S AR R L A B2 AR
ST R A g2 Y. TDM
FHAGIN J5 v AL A8 S 4 vk i, P g (8
Ti% - BB B 5T 3% (liquid chromatography-tandem mass spec-
trometry, LC-MS/MS) $ A LAY 2 R = e S 0
AT ] s A DU 22 R A B 5 N RN ) AR B R R
M4 2 i T TDM A W) bn id P e il | £t 22 42
PR PR I A e

F T4k A [] ] S0 R e 240 LT 245 40 1 Uk
PERA AR, B — 250 L5 4 4001 e g 448 B vy 34 5
PRI i g 245 10 FH 5 38 A5 LA I IR )32 0 o I IR
LR, VO B RS D R R B R TR
R VLS B s 07 8O s Z VA FE R A R E LA
I I 0 2L B TR 22 55 AR KR S S HA AT 2y
Py Cngh2e R 25 BCG M, FTFERE = p i 7
B [ S BT AN B S g 18 A 38 (HIBR T 2R 25 1Y
R SRR ZR (AR A B RS K 25 7K°F) B
SAAZE, L TDM RS # T A A7 500 5, A B Tk
S W IR s WIS A AE AN PR, AR PR
5B IR B R T BEHR A ) 7 Fp— L 5T 259 (f S B
R R BRI A EE 2 VU MTE AL B T Ok i AT
MRS ) SR FH LC-MS/MSS A 7 37 [ B 5 1 3 i 7
PR e 25 vk B 0 O ik, TR LR T T IR, B TE N
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1 ##
1.1 FE{UES

AHFFE BT AL % 3 Z AL $E AB SCIEX Triple Quad™
4500 % LC-MS/MS {¥ ( £ [F SCIEX /A Al ) \Milli-Q 1Q %Y
7000 4li /K HL (F [E Merck 23 7)) \KQ 3200V A 75 1k i
veas (Rl A R AR (SQP B+ J7 70 2 — K
T FIHTREAAES () A BRA R4S
1.2 ZAm5ilH

B~ B T B, (415 FEW600 , 213 98% ) . 15t
X HR i (L5 SSE100, 41 & 99.73% ) 5842 B % HR iy
(41t5 SSE200, £1i Jif 99.96% ) | £ 1 fth & XF B (it 5
SST500, £ 99.96% ) 5 # S5 %) B i (4t FEW900,
4l i 99.92%) | H 2 M 04 Xt IR A (k5 TGH500, 41 i
99.5% ) ¥4 [ g5 A M AR AT BRAA 7 5 > et BR
il (5 101045-201902 , 45 99.99% ) ) [ H £ 51 25 5
K 2 W B 5 22 VG b FE-a9 X HE 5 (AR, 15 F0033500,
A 95.3%) B Al -d1 1 % B8 S (AR, 35 4-GHZ-
132-1, 4[ i 98.7%) M7 85 BE-d10 XF FR & (g, 4L 5
F0034468, 4li i 98.0%) . 4 12 BE-d5 % B (A, dit 5
E0028186, 21i & 96.5%) . >k [ i -4 X i 5 ( N, it 5
F0034393, 213 99.8% ) . H1 W W% -d3 % BEh ( A 1L 5
F0033926 , 213 99.9% ) AEE {5 55 -db % B (AR, 15
F0034394, 413 99.6% ) ¥ [ At 5 & M A& A= W RH AT R
NEHEE NG R R g el ARk i
Sl S H R KR 4l
1.3 ZTHMmE

25 I F AR AL
2 AEEHER
2.1 BRHE
2.1.1 Xt R T

F B FREU SR R R R A2l 2 h3E
b B S5 Sk iy s TR RS o R T
(DMSO) % fift , il B3R 25 1853 Jot Wk B2 43 3l ol 7.19
14.29.3.58.5.63.8.24.,10.00.8.18 mg/mL (1) 81— X A&
EE W, T —80 °CYe¥L, 75 H
2.1.2 BREINZR AR T TAR

i 2 B AR A B — X BT A AV, PR A R
Tl B 2R 371 e Vo o T 6 TV VR CBP ST  BRE o VR
433124 100,250,500, 1 0005 000,20 000,50 000 ng/mL,
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R R A v 43 51 2 1000, 2 500.5 000, 10 000, 50 000,
200 000,500 000 ng/mL, 5 ¥ 43 51 & 100250, 500,
1 0005 000,20 000,50 000 ng/mL , £ PG ABFES3 51K 50
125.250.500,2 500,10 000,25 000 ng/mL, fih 5153543
5124 50,125,250 5002 500,10 000,25 000 ng/mL , 3 i
4354 50 125,250,500 .2 500,10 000,25 000 ng/mL,
FH 20445 5124 500, 1 250 .2 5005 000,25 000,100 000,
250 000 ng/mL) Fl BT 4% TAF 1 W (B 748 B Jog 1 vk 2 4
5124 3003 000,40 000 ng/mL, & 54 5351 K 3 000
30 000,400 000 ng/mL , £ K243 51k 300 . 3 000,40 000
ng/mL, Z PG {1 5€ 43 %A 150, 1 500,20 000 ng/mL, ft 5
HIR43 912 1501 500,20 000 ng/mL, 3 fimk43 5124 150,
1 500,20 000 ng/mL, F Z 5 W% 43 51 24 1 500, 150 000,
200 000 ng/mL) ,
2.1.3 AR S VRORT T4 I A VA

R 2 B 2.1.27 TR Al i 2 TR W 10 L,
AZS MK 490 pL , il Bl B Sr 3 e s vk 5 40l ok 2.5
10,20,100,400. 1 000 ng/mL, & 5 1 35 43 51 4 20,50
100,200.1 000.4 000,10 000 ng/mL , £EFZ 4351141 2.5
10,20,100,400,1 000 ng/mL , Z FUfb &35 H 1.2.5.5.,
10.,50.200.500 ng/mL, 5 H 254324 1.2.5.5.10.,50
200,500 ng/mL, 5 4> 51k 1.2.5..5.10.50 . 200,500
ng/mL, & MERS 735124 10,2550, 100.,500.,2 0005 000
ng/mL FARAEMLIAE SR . AR EL 2. 127300 F s
TAEV W, TR il B 37 R B Jo vk B 43 531 4 6,60
800 ng/mL, < 15 fh 754351 >4 60,600, 8 000 ng/mL , 42
4331 47 6 .60 . 800 ng/mL, Z P4 i 3 4351 4y 3.30,400
ng/mL, {55534 330,400 ng/mL, 3 fh k5351 A
3.30.400 ng/mL, H 2 #5174 351 24 30,300 .4 000 ng/mL
) JBAE IR AT . AL I SR RE AR TR X T — 80 °C
B, £
2.1.4 IRENIRA

G SR ST RS BE-d10 RIS IE-d 11 R AZ I -d5 &
PE L FE-d9 AL 25 -d5 ke i m-d4 | L IERS -d3 X R
di, FH DMSO 3 i, il B b 348 45 540 ot i ok B 35 Oy 1
mg/mL ARG . B R4 N BRI AE U
[ 0.1% H 2 i HH - TR B (L= 1, vIv) 1# B Tl
LA 53 Jo e vk E 1 R 10 ng/mL (IR A N BRI K
T —20 °C¥ L, % H .
2.2 MEHAMETLIE

WORH MFE, & T 2 e e — Fhisg s, LA
4 000 r/min B0 5 min, BUALKE , 25 FH o K% 1 BULE FE
A 100 pL, BF 1.5 mL B4 H A “2.1.47 50 FIRA
BRI 300 WL, IR A, LA 2 500 r/min 4% 3% {2 5 min
Jii, T4 °CF LA 14 000 r/min &> 5 min; B F %5 % 100

TEZG; 20254755 36 £:4H 4 1]

pL, J7K 100 WL Fi e, T 15 °C FIE2J 10 min, #5144 000
r/min Z5.0> 5 min, BCEE R, SEREE .
2.3 BiESREEY
2.3.1 R

LA Agilent Eclipse Plus Cis (100 mmX3.0 mm, 3.5
wm) A AT, LK (£ 0.19% H R F10.04% 5 mmol/L HI
R4 ) i AR AFH NG (7% 0.1% R ) R shiAH BAH,
ATV AR (0~0.1 min, 20%B;0.1~1.5 min, 20%B—
40%B;1.5~2.8 min,40%B—98%B; 2.8~3.8 min, 98%B;
3.8~3.81 min, 98%B—20%B; 3.81~5.5 min, 20%B) ; Ji
4 0.6 mL/min; A1 40 °C; JEAER N 10 wL; 23 Mt
[A]°4 5.5 min,
2.3.2  JIpESRAM

K FH HE 58 25 25 7 U8 (electrospray ionization, ESI) 7E
IE R FRLCE L2 g WA 5K (multiple reaction
monitoring, MRM) i 17 39 4 ; & 41 & i1 [k 4 4 500~
5500 V; B TR R 550 °C; 4L 18 70 psi; 4l
B 128 70 psi; A AU 18 20 psi; fliE SR T8
6 psic 7 FHLIRE 25 W0 TS E LR 1TCNBRIG ) .

x1 THMEAWHIRIESE

magE ADHIEN  RHERENV ERRIEN HOREN BETFmz TETFme HEH s
ik § 3 44 13 5871 167.1 25
i il 3 ] 1 360.1 U4 20
2B 8 40 88 16 8764 3080 2
BT 11 30 80 14 8303 3042 2
s gf 10 34 80 10 3l 191 2
Felm -10 -5 =70 -8 841 ul 20
A 10 10 80 1 450 3080 20

24 HEEEE

HR A 2020 4F R € [ 25 31) (DU ) “9012 A= Wk i
FE ST TR RS T RN T k2R SR
241 LJEME

43990 B 6 AR ] SR 5 Y 25 (L% L TR 21 )5, B 100
WL, BRI A AR AN, He A i “2.27 00 F )7 i Ab B, 4%
“2.37 IR S A AR A, 30 Sk 0 (B 1A) o B
“2.1.27 T MARME M S AR W (B B R R B s 5%
R ZVGMbBE S SR f sk | 200 04 1) I o vk
£ 43524 500 .5 000,500, 250,250,250 .2 500 ng/mL) 10
pL, A EIRIEATZS 2K 90 WL, $42“2.27 W1 F Jr ik 4b
BRE, B 2.37 0T SRR DU, 30 SRt 35 ] (
1B) o HCHE B35 IR RGP S A B i 0 IR, 62,27 R
ARG, P 2.37 T T AR HEREI A, e S 1 (
1C), SRR IR IEB FRIEUT P B R R |
SRS VM FE B S5 R S MRS ) O B B[] 4
M)A 1.5.1.8.2.4.2.3.2.1,1.2 min, 571 & FHEF Rkl
WA F 5 B BSF 1) 249 7 2 i 12 PR VR 90 S0 45 25 90 Y
e A= T, TR R AT
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2.14 — fbEE I
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2.14
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] o6 JE— A
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242 AMERR Ko PIRFE%

R I 2. 137 00T AR LHEAE A 100 WL, 7%
“2.27WUT Jr A B R 2.37 R SRR EREDIE L i
U AR o DUARF N0 4 oA A B DA R A o () | Fp i )
5 bR T AR LU AR (p) AR AR , R FH AR B /s — 3fe
5 ORCE N U ) BEAT [R50, 4R I 2 AL
R I e i T R IR R DS R R A
U6 EIZRE  ZVUMTE MBS I3 R e A S R R
% B2 159 (9 RSD ¥/ T 10% , #E i B2 53 51 - 98.5%
105.00% . 100.95% . 98.35% . 103.56% ., 101.39% . 96.84%
(n=6) , 54 2020 4 [ 245 4L ) (PR ) AR ZEK

F2 THMEAMHNEEIEREETRER

At B Epig r Gl ngmL) i PR (ngmL)
BE  y=0050 18x+0.035 21 09943 2~1000 2
FEE  y=0005 5840018 02 09975 20~10000 2
Ei7 y=0,008 61x+0.011 93 09979 2~1000 2
ZHME  y=0003 53x+0.00021 09958 1~500 1
EES y=000591r+0.000 57 09952 1~500 |
Fotlme y=0,06278¢+0.009 43 0.996 4 1~500 1
HEEE y=000883x0.020 57 09977 10~5000 10

2.4.3  YENREEFIORS % B

2 m M2, 137 U AIG L e B R B A A
AL 100 WL, B> BT i Wk B2 P47 6 3, 42 2.27 30
TR RS A 2.37 TR A RN R |, A Y
R 2 B 5 PSRN AE 3 d, AL RDRG 25 B o WA B2 LA Il i
FOMAE/ B IAE X 100%) Fon o 4558 TR, H A%
JE X RSD 4 0.08%~14.86% (n="6) ; LA 4 % & (1) RSD
9 1.519%~11.55% (n=3) , HERA & K 89.17%~114.93%
(n=6), ZERIFE3,

R3 THAMEAYNERENERERRER
FEHERSDI%

fE TRk (ng/mL) e A=) TR (n1=6)1%
g 6 1486 1155 80.17
60 824 9,05 96.01
800 588 419 1097
bz 60 179 468 10438
600 508 439 101.62
8000 586 43 112.36
VB 6 133 1102 97.78
60 635 620 10422
800 303 349 1144
st gf 3 73 m 104.84
30 418 393 10429
400 218 398 11405
ZHifs 3 8.18 1055 11002
30 447 55 109.28
400 295 455 112,70
Fel 3 439 343 101.92
30 241 226 104.69
400 153 151 11493
iy 30 530 87 91.79
300 469 513 08.45
4000 008 40 11440
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244 FEFEM

HL6 Oy AR IR 2 PR , $522.27 T0 R Jr ik Ab 22
Je L A3 A 2,127 T AL | e o VR Y B T AR
WA 2.1 47 W N IRA AR, B B e B AT 6 1,
Fi242. 37T 2 HEREINRE , 10 SERFIN) -5 P 0 06 T R
HAE (A4) o VAW BE-CREIRA W (11, V/V) s, 43
T “2.1.27 300 AIG L B VR A S AR TR I A
“2.1. 47T IR G PR B BT AT 6403, K
T PR il 48 o MR B 5 T 0P O, 2 2.2 IR )y kb B
Jo , PR 2.3 0 R 4R HEREIN A , D SRR 5 bR Y
T AN (O D I 7 = W = N VAR -9 1y VA
(%)=A/BX100%, Z55 50 A% | o vk B s e
LTSN K 89.89% ~119.74%(RSD<14.89% ,n=6) .,
2.4.5  FeuE ks

R B 2. 137 T ALK L = Jo e J3E 1 4% i S A
AV 100 WL, BB iR B AT 6 40, 43 1 T 25 °Ci
BHAh JEZM(—20 °C~F )3 4 °CFiLE 24 h
DL S A S REAS N 15 °CTRACE 24 h, 42 “2.27 W ik
AEFRS PR 2,37 TN AR A , 25 5 S AE Lk
TR EYE. SRR, TE LR, TR 2R
SEPEIRIG I RSD M 1.98%~14.88%(n=6) ,
25 IGKREA
2.5.1 A SHERRARE

BE AR : (DAEI >18 % 5 (2) 12 Wk T
PEMRIE 5 (3) F AT S B B R R AZEE 200
MFE A BT S5 Sk b e R FR A i 24 e 3 N o

B I HEBR R AE R « (1) ABERT R <3 d & ;5 (2) X (7
SRR RERLE AR 2P MFE MBS Sl hmk
FITH M i s (3) fR IR el LI IO < .
2.5.2 WIS

PEPEFRBE 2023 4F 12 F —2024 4F 4 i 7 Fh—£&
PO 2440 1 S IR B 97 91 (PR R At B 2% Ok
s T HH R4 1 £R T T TG BB 1 AN ot 24 v B
KGN o o, B4 62 6], Lot 35 415 fff B ST B B 17
B, KR 1361, A2 64 4], Z2 VG b FE 3 191 ; AE 0% A
47~82 % ;22 (] FR A& I AE Y <60 %7, 35 191 F o O 4F i
60~70 %, 40 BB EH BAFRE >T70 8 . AR FRAE
BefCBEZS B2t , 32 B 2023js012 ,2024ky052, fif
HREEWEE T HEREA.
2.5.3 FHZirik

B PR AP 37 2 B T S [ I 24 1 7 HI20160578, FiA%
g 15 mL: 0.3 g ( % C:HuN,Os-HCI-3H.0 ) , B JiF
Pfizer Australia Pty Ltd]0.3 g, &t /Jkii 14 30~90 min, %} 2
JAE A 1R R IR A (25 4E 5 H20133361, ALA% N
0.5 g, FaHZiHRAR )5 g, BR2W, DR, %EM 2
JAJE1E25 18 S SRR (TR OIS A ) (E 2T
H20183378, #LA% 100 mg, VT. 756 iy = 25 e A A PR 7] )
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0.3 g, #Hkit 3 30 min, & 3 J& 1 YK ; 22 P4 fh B 54 (
25T H20020543, KL A% A 0.5 mL: 20 mg, V1. 75 15 Fii 2
HIE A FRZN 71 )60 mg, Bk T, 45 3 1 11k
2.5.4  RFE KM 25 BE AN 45 S

JIR PP S7 R 1 £ Tk 1 5 1.5 h RS AE
KL, R R B A A R 3T T 4R 245 )5 2 heR AR A1 EI i
oIt , B TS AZ B ) S8 3 T kR 1 5 18~30 h AT —
i ) AR A SN R W Ik o, IR FH 22 VG A B 11 £8 8 T ki
HAE S 30~60 min PRAESMNEAFRIKIAL . B3R AR,
Fie 2,27 TR IS P 2.37 I AR E R E
E ST A, Fe PR TA TR M 250 B . 25 R b, B ST
B 0 - 2 i 24 vk Bl 704.09 ng/mL, B A N
909.40 ng/mL, %8 2 % & 36.45 ng/mL, £ P fib 3§ K
150.43 ng/mL, H 8 MA[R] 22 5 8K, 28 57 R AL (coef-
ficient of variation, CV) 43 Jll & 25.24% . 62.65% .
122.69%.92.27%. Z5FWLE 2.
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RHARSI i LC-MS/MSS AT [ i 6 0 22 b 25 43k 135, LA
R E R AR, AR i A
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3.2 HEFMNK
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