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Quantification of lenvatinib in quantitative dried blood spots using LC — MS/MS
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Abstract; Objective
mass spectrometry method for the detection of lenvatinib in quantitative
Methods

internal standard. The dried blood spot samples were extracted with

To develop a liquid chromatography — tandem

dried blood spots. Lenvatinom — [ d, ] was used as the
acetonitrile/water (70/30) and separated on a ProChrom C,g reversed —
phase column (2.1 mm x 100.0 mm, 3.0 pm). The mobile phase
consisted of 10 mmol + L ™" ammonium acetate solution and methanol with
'. The ionization was

Multiple

gradient elution. The flow rate was 0.3 mL + min~
carried out under the electrospray ionization positive mode.
reaction monitoring was used to detect the transitions of lenvatinib at m/z
427. 1—370. 0 and 338. 0, as well as lenvatinib — [ d, ] at m/z431. 1—
370.0. The specificity, precision and

accuracy, extraction recovery, matrix effect and stability of the method

standard curve, carryover,

were investigated. Results FEndogenous components in the dried blood
spot matrix of blank human whole blood did not affect the determination.
The optimized pretreatment employs a ostep exiraction with acetonitrile/

water (70/30) .

Lenvatinib in dried blood spots demonstrated good
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linearity in the range of 10 =250 ng + mL~". The standard curve equations from three analytical batches were y =3. 81 x 10>
x+2.76 x1072(r=0.999 7) ,y =2.0 x 10 *x —4.87 x 10 (r =0.999 9) ,y =2.01 x 10 *x =3.68 x 10 (r =0.999 7),

respectively. The lower limit of quantification (LLOQ) was 10 ng + mL~". The intra — and inter — batch relative errors were

within +15% , and relative standard deviation (RSD) were below 15% . There was no significant matrix effect, and

lenvatinib dried blood spots sample remained stable for at least 7 days at a high temperature of 45 “C. Conclusion The

method is convenient, efficient and accurate and it is suitable for the requirements of The International Council for Harmonisation

of Technical Requirements for Pharmaceuticals for Human Use M10 guideline " Bioanalytical Method Validation and Study Sample

Analysis". It can be used for the determination of lenvatinib concentrations in dried blood spot samples.

Key words : lenvatinib ; therapeutic drug monitoring; quantitative dried blood spot; liquid chromatography — tandem

mass spectrometry
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2 EEFIREA (C) TR e E e T E (1) FNAR(IS)

Typical chromatogram of lenvatinib ( [ ) and internal standard (IS) lenvatinib — [d, ] ( Il ) channels for dried blood spot of

lower limit of quantification (LLOQ) (A), blank sample (B) and blank solvent (C)

R T (3% R I VA DN A 5 et ML B PO (IR O o A 2 A 0 3 A [ i

Table 1 The precision and recovery of the determination of lenvatinib mass concentrations in quantitative dried blood spots by liquid chro-

matography — tandem mass spectrometry

Intra — assay

Inter — assay

Spiked concentration

Level 4 Measured Measured
(ng-mL™") RSD (% ) RE (%) RSD (% ) RE (%)
(ng - mL™", x%s) (ng-mL™', x+s)
LLOQ 10 10. 74 £0.27 2.56 7.36 10.21 £0. 47 4. 65 2.09
LQC 20 20.12 £0. 45 2.25 0.58 20.56 +1.00 4. 86 2.78
MQC 60 57.93 £0.74 1.28 -3.45 59.77 £1.94 3.25 -0.39
HQC 150 148.16 1. 68 1.13 -1.23 148. 66 £2.22 1.49 -0.89

RSD; Relative standard deviation; RE:Relative error; LLOQ ; Lower limit of quantification ; LQC : Lower quality control ; MQC ; Middle quality control ; HQC ; High

quality control.



3114

v T R 25 PR gk R

41 21 5 2025 4F 11 J (B4 443 1Y)

it

I 5 T 7 B P B K % 1418 0 A
FXIET TDM FPRS 1R 25 K 75K H g2 8. 1%
L H9 TDM J5 4 (i JF 9 0L 32 | M0 375 AR S LA SR 4 8 ik
WA TR, T 5 A R T B, 189 i i) L 2595 1,
ARG R O AR TR . DBS REA A,
A A RAE LI R D REA A PEAT TR A
BT, B R RAERI IR PR, T qDBS FEA
TEMLSER b, — SRR T R 1 SRR ARV E ML

REARIRUR T ML BEAS I 9 T SR . AT s
REAPRARU N, SR A5 el 4k B8 4 A S 2 1 AT
o UL L T AR B A, 79 A e JBi o e 3 2 (6 13
RER KU AR . Ay R — 25 45 50 25 ) 1 ¢4 0[] g
e BB TR B, AR I 2R 03 S AT
F B RS L 2 IV A 3R B, 3T XA HUAH B L 451
AT T AL . FESEE R % B, 24 HUAH FL I T
30% B, [ e 5 A1 EL #5852 40 €0, 33X S 8 LU 4] /K
H B B 2 8 AR R R
DRI AEA A Rt ) 2 I AT U0 . AT, Lok
T A, 2 IS L e )RR R LA . YA WL L
BLE 30% ~90% I}, [l AR K BN . HE— A
HURE LB TT RS B0 A B P I 5 8 4R 2T 4 2P
HURLEH, PEORBUCR T e, T IS UisE S (A%
ISR UG T B, e 00 HL LA R 2 R
RO AR I 20/ 7K (70/30) /F R REA 2
W, T A0 3R 3 UT0E A5 T, — 5 4 WO AT 4R 75 75
(S, ol 3 S A A L PR

FREIUTENE 5Ll BT 7 v B A0 6 i S PR
i TDM J& 52 RBEHE) 19 2 KOS ', gDBS A
AR T B B RRER LG (R, 3 S 3R 1
FEE MR PR R . AT H B2 T 2 Bl i ik a5 i
L, B Pk HE R R AR IR A 1F T s R L.
AR S PF R B IS PR B S AR L T B
QR T Wi B IR B 45 . 45 SIESE, R R
qDBS FEAAE 45 C AT IR E T E T Ko
LG WA LA LG, B0 90 76 T4k 10 PR 355 v P Ak 2
o7 R W, L L U, AT A RCHR v R A R R
SAT, o T J8R R 5 T A TG S ) 2 3, AR 2
W s A, qDBS REAZERE T 15 4% I
L EEE IR, FE b AT RLE R A S
TR AL AR U 5 AR

LT, [ A 1 AR S 7 s B T I AR AR ok A

7535, E A BRI gDBS Ji By AR 4 ik
FORFELE £ LC - MS/MS KW (™ A A i
Ab B 25 I 18] A9 8 B DT AR A T A BF 5T Tl Ak
HL R Oy SR, FRT R, BRA 1 SEBR I o

ARSCESLEET LC - MS/MS AR [ gDBS KA
A A JE W JEE ARG 5 35 e R Pk i, 2 S A 45 Wi
PR R BE R B L 48 3 U 2R AR AR E
Pl SR Tk B A G 6 25 2%, SRD T IR gDBS
PR T AR T e FEE ARG 114 2 ke, A R B8 3t R A1 T
TDM Ji& ZRAE 12 i AL B4 B A AS . AN
/N RS YIRS HE I 2507 R W Setide 11 1 B K
P FNEEAR SRy, S At 2R F i R M s A LRE B A
WFTEXT R PRI 5858 1 LA, B A T AE 1 e R B
HHE.

S 3k

[ 1] MOTOMURA K, KUWANO A, TANAKA K, et al. Potential
predictive biomarkers of systemic drug therapy for hepatocellular
carcinoma: Anticipated usefulness in clinical practice [J]. Cancers
(Basel) , 2023 ,15(17) :4345.

[2] Bk, BN, s, & . CARE R AT A i v [ &
FIEFEIW LT A BE G 2 &, 2023, 31 (10):
1018—1029.

[3] PORCELLI T, LUONGO C, SESSA F, et al. Long — term
management of lenvatinib — treated thyroid cancer patients: A real —
life experience at a single institution [ J]. Endocrine, 2021,
73(2) :358—366.

[4] NODAS, MORITASY, TERADA T. Dose individualization of oral
multi — kinase inhibitors for the implementation of therapeutic drug
monitoring [ J]. Biol Pharm Bull, 2022 ,45(7) .814—823.

[ 5] FANG Z, ZHANG H, GUO J, et al. Overview of therapeutic drug
monitoring and clinical practice [ J]. Talanta, 2024 ,266 (Pt 1)
124996.

[ 6] MEIKOPOULOS T, GIKA H, THEODORIDIS G, et al. Detection
of 26 drugs of abuse and metabolites in quantitative dried blood
spots by liquid chromatography — mass spectrometry [ J]. Molecules,
2024,29(5) :975.

[ 7] ZIMMERMANN S, AGHAI F, SCHILLING B, et al. Volumetric
absorptive microsampling ( VAMS) for the quantification of ten
kinase inhibitors and determination of their in vitro VAMS - to —
plasma ratio [ J/OL]. J Pharm Biomed Anal, 2022, 211 ; 114623.
2022 - 05 -20[2025 - 03 -15].
nlm. nih. gov/35121279/.

https://pubmed. nchi.

[ 8] The International Council for Harmonisation of Technical
Requirements for Pharmaceuticals for Human Use, Multidisciplinary
Guidelines[ EB/0L]. 2022 - 05 - 24 [2025 - 03 - 15]. https://
www. ich. org/page/multidisciplinary — guidelines#10 — 1.

(9] EZ#E, &7, XEE. BFAYRN G- M EEEL]
o S Bt FH 24 PRAR 15 430, 2025,25(3) :257—260.

[10] MARTIAL L C, AARNOUTSE R E, SCHREUDER M F, et al.



3115

Chin J Clin Pharmacol
Vol. 41 No. 21 November 2025 ( Serial No. 443)
Cost evaluation of dried blood spot home sampling as compared to doi. org/10. 1002/9781118890837. ch13.
conventional sampling for therapeutic drug monitoring in children [14] KAAREDDY S, DHAKNE P, PILLAI M, et al. Dried blood spot
[J/OL]. PLoS One, 2016,11 (12):e0167433. 2016 - 11 - 12 sampling in protein and peptide bioanalysis: Optimism, experience,
[2025 -03 = 15]. https://pubmed. nchi. nlm. nih. gov/27941974/. and the path forward[ J/OL]. Int J Pept Res Ther, 2023,29.97.
[11] BRUNKHORST L, TERHARDT M, BULITTA B, et al. Dried 2023 - 10 — 04 [2025 - 02 - 06 ]. https://doi. org/10. 1007/
blood spot sampling for monitoring children with immune — mediated $10989 - 023 - 10570 — x.
glomerulopathies and after kidney transplantation [ J]. Kidney Int [15] BOONS C C L M, TIMMERS L, JANSSEN J J W M, et al.
Rep, 2024 ,9(11) :3236—3249. Feasibility of and patients’ perspective on nilotinib dried blood spot
[12] VEROUGSTRAETE N, STOVE V, VERSTRAETE A G, et al. self — sampling [ J]. Eur J Clin Pharmacol, 2019,75 (6):
Therapeutic drug monitoring of tyrosine kinase inhibitors using dried 825—829.
blood microsamples [ J/OL]. Front Oncol, 2022, 12, 821807. [16] XAy . TRl 350 ih 15 B AR BG% — R fb Bg AR A AL 1F 9T
2022 -05-22 [ 2025 - 03 - 15] . hitps://pubmed. nchi. [D]. dbxT. JbEisgikag, 2023.
nlm. nih. gov/35392223/. [17] SHARMA A, JAISWAL S, SHUKLA M, et al. Dried blood spots:
[13] WONG P, JAMES C A. Punching and extraction techniques for Concepts, present status, and future perspectives in bioanalysis
dried blood spot sample analysis [ J/OL]. In Dried Blood Spots, [J]. Drug Test Anal, 2014 ,6(5) :399—414.
2014,13.160—167. 2014 — 06 — 13 [2025 - 02 — 06 ]. https:// (Yrfm HHEE 2025 -07 - 17)

A -

— I uf LR IR A Pl s R ER S HL S B ks A EJE TR Y
Mith Pl Bl IBEBL Pk 2% 3 1AL

Z|B:HECHT J R, PARK Y S, TABERNERO J, et al. Zanzalintinib plus atezolizumab versus regorafenib in refractory
colorectal cancer (STELLAR —303): A randomised, open — label, phase 3 trial[ J]. Lancet, 2025,406 (10517 ) :
2360—2370.

B FLARA JE A — ol 22 88 A 2 R ST 1) 551, 5 Bl M B BR LR 5 T s, 76 1 IR vp B s 1S A i )
PUIIR IE PR R AT B o ASBIESE B B2 LR PTHLAR 2 — BT 1 Bk Bt 5 Btk AR JE 7E BE A VR T 55 A5 M 46
s e R Th YT RO e e . AP — ekt FEAL T OhR 2SR 3 WA, 7R 16 MEZKW 121 4rh
O (BFEBERE AR BT O M e L 5L ) 647 . ABFSE A B AR W EEAR R4, 4% 18 5 L L) i
12 NG BB W e % PR I R 42 32 bR B G Y, HLJC I TR N AR 1k s (MST - H) BT RS &2 6k
(dAMMR) g () SR B BEAL AT 2 (1= 1) BaTFLARER JE — B I 2R Fpo 2l O RBTFLARER JE (4 H 100 mg) 1564
ok G BT R BT (B 3 ] 1200 mg) | Fdg AR e 4 F IS A% AR JE (B 28 RIEIIAYEE 1 ~21 KA H 160 mg)
XU F B SRR I0IRYT (ITT) NFER TG4 4% 5835 W R i SR AR A7 %, 2022 429 H 7 H £ 2024 47 H 15
H, 0t 1325 ]85, o 901 {5 /8 2 4 fl ML o3 BC 2 BT FLARES Je — Bl R 2R B4 4 (n = 451) Bimig AR JE 4
(n=450), 528 15](59% ) Ay 53 %, 373 15l (41% ) Jy Zc Pk ;485 5l (54% ) Ry 1 N, 338 1] (38% ) Ry 9 A , 18 4]
(2% ) J BN 24 151 (3% ) Sy HoAh I, 36 191 (4% ) B A Mgt o Az BT IRFR] S 18.0 4~ H (TQR 14.6 ~21.5)
FEITT AR, SEatg AR e AR L, FTHLMOE JE - B2 R Sk Sbo 20 0 S 2 1) SR AR AR 2 AL [ 40 J2 U L (HR)
0.80,95% EAFIX[A](CI) 0.69 ~0.93],P =0.004 5) , i G R4 AF IR 10.9 S H ,95% C1 9.9 ~ 12. 1, 171} Ktk
ERNIR 9. 4 A~ H o TETCIFEE% B8 WAL EAE A B Th I 20 A b BT JE - BT R Bk B 4 5 s AR JE 1Y
)2 HR 5 0.79(95%C10.61 ~1.03) ,P =0. 087 [ H i A= A7H 15.9 A~ H (95% CL 13.5 ~17.6)vs. 12.7 N H
(95%C110.9 ~15.5) ], 446 B2 B+ JE - BT RIBRSAHTIETT 19 B A 268 5 (60% ) KA T 3 ™
HINBITAIA B 21,434 f42 Bt AR e iR T BB A 161 1(37% ) KA T MRAN R34, BUFLARE 2 - B
BRI S (1% ) 5iayr AHCHsET BnkgdE e 4l 1 6 <1% ) . #EE MSI - H 5 dMMR ()52 & PRl
BTSRRI TRy 7 I 7 BT LA JE — BT Rk B mT DL 25 2 o A AR A



