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Population Pharmacokinetics of Delayed Methotrexate Elimination in Children with Acute
Lymphoblastic Leukemia

CHENG Yu®, QIU Honggiang®, LIN Bijuan®, ZHUANG Qian®, CHEN Yingying®, LIU Maobo® (Fujian Medical
University Union Hospital, a.Department of Pharmacy, b.Department of Pediatric Hematology, Fuzhou 350001, China)

ABSTRACT: OBJECTIVE To establish the population pharmacokinetics of delayed methotrexate elimination in children
with acute lymphoblastic leukemia, and to quantitatively explore the risk factors on delayed elimination for population
characteristics. METHODS A total of 606 sparse plasma concentrations and clinical data from 147 cases of acute
lymphoblastic leukemia children with delayed methotrexate were included and randomly divided into model group and
verification group. Model fitting and population parameters were calculated by using NLME software. The effects of covariates
on methotrexate pharmacokinetic parameters were examined. The final model was evaluated and verified by using goodness of
fit, Bootstrapping, and external validation. RESULTS The final model was fitted by a two-compartment model. Vomiting and
combined use of nephrotoxic drugs were significant covariates on the apparent volume of distribution of the peripheral
compartment, while the amount of alkalization significantly affected the clearance of the central compartment, and the amount of
hydration significantly affected the clearance of the peripheral compartment(P<0.05). The population pharmacokinetics
parameters were the apparent volume of distribution and the clearance of the central compartment and the peripheral
compartment with values of 51.16 L-m %(RSE=3.87%), 18.63 L-m 2(RSE=5.73%), 9.62 L-m >-h {(RSE=3.38%), 0.75 L-m >-h""
(RSE=2.54%). CONCLUSION A population pharmacokinetic model of delayed methotrexate elimination in children with
acute lymphoblastic leukemia is successfully established, which can provide a reference for individualized treatment.
KEYWORDS: methotrexate; children; acute lymphoblastic leukemia; delayed elimination; population pharmacokinetics
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EL 41 B 4 111975 (acute lymphoblastic leukemia, ALL) AR A A G, HAMERZERBKR, ImKA
A 5o ia T K PTE BE MR IE B 3 R, R MAH 12.1%~37.1%E LR A MTX ZEIR ¥ Br L
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K, DRFFAMMEEESA RN, Rk,
HD-MTX-CF JGJ7 i fE I 253 B 1 I+ 49 4
B, SR I 24 R B ) X R £ BB R A N R
5L, B G PR T 6 T 5 AR MTX
JEIRTH BRI L, B R TICA R A AR A 1
il RTS8 DATRE 7 AN RN &R R LB

HarE WA b T MTX ZEIRJHBR A ALL &L
HI#E 4K 24 5l % (population pharmacokinetics, PPK)
WFFE R IARIE . MTX ZER VBRI L 5 1IE % W
BRI S LAHEL, AR 2530 S AR RRAE 2 7 B
AW B RS AT S MTX IEIRTEFRA ALL L
ff) PPK #i8, & BERF FE MTX BRI G
BRI, A EZRR R BRI PPK RFIE, IR
AR TT SR AL S KR
1 MR5EE

AT 5 I8 I A A I R K A B e R I B A B
ZER e, BPENAN 2015 41 H—2018 4 3
H TE AR 5 K 2 B W A0 2= B /N ) Lol v R HA: B
$:5% HD-MTX-CF 77 697 &k MTX L2453 1
W, H MTX KAEBRHE P ALL &)L, ALL (1)
CWibRE . 2 BRI SCERPRAE[1], DL MTX 7E 44 h
A5 P L 25 7K % (Caan)>1.0 pmol- L™ 5E XN EEIR W
B o HERR DG B I B 7 B e O B A B B A R A
R PATIT T RH - T mEAR M H
ity J5E RSB AT 2 DA % I 24 AR R AW 300 ) A B
BUANHERAE - AINFEAREL S & 1 BEHL A C 9 i Y
HANIOAEAH .

B LA R IT 5 T e M, 56
BRI, HER TR, BMHEERZY . 4
401 3 h MR R T ROHAG U HAMNRE N
3000 mL-m ). BRI ROHEA G RKETE 5%
Z4H 130 mL-m ™), AR B LG 2 24 T A7)
&1 HD-MTX-CF 77 %, {4 H MTX RJE TVLI5
TERGE G A IR A T . MTX SEM 1/6 1E A%
T EAE 30 min APREER KT, FARET 2350
WA R . FFURTTE 42 h R H CFELIR
fE B 2 2547 PR 7 ER FIEA 15 mgem™, 4 6 h
1. Kl MTX I 253 5 LA A% CF 8 F 7l == AN
R

FF A LY T HD-MTX #9 TF 46 5 44 h R4
FIK I 2.0 mL, %5 MTX Cy4>0.25 pmol-L™", HE4fE
S5 CF fE, JF4 24 h 8 MTX 259K
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B, BELAE MTX I 259KEF <<0.25 pmol-L™'. [HIF Uk
FRIUERER, AFEILWAN DGt 5R
AR AIFH 2 R 2545 DU I 25 ik i
e D155 55

MEFEA B LU, SH Viva-E 4 H 324
VIR 73 B R GE (VU 15, DABGIROR S 232 I 72
MTX HJILIE WK B, LR TT 259 s I o 4 4)
(Bio-Rad Laboratories, Inc.)d#E 17 i &4 . %Al
JER AR 5 5 <6.8%, LR 5 E<5.6%.
2 PPK o#f
2.1 ZiEh AR

g3 A — 2R S A A AR 2 ) i 2 F
oUW R IS 8] £5PR) I 25 B o JE e Ok %% N UL S
R IR H A5 2R 50U (objective function value, OFV)
AL W 2 258 2 A
2.2 BEALRR AR ) %

I8 L 2050 8L A R oy A A P9 AN A 1 [8] i L AR
Tt o BEHLRORARE R W SR H I . bedl . i Bs%
ERER, WIEBHEIEH OFV AR 5 B i /) (115
BUAE DA P R A 1) A8 S5 ) B A AR
2.3 [h]5E RSB ) i 4

B SLAIINAT AT P AR5 ) LA T, SR
FI BB AT 0 L3 A B 65 K B2 A A L SR B A
WL i U AR 5, AR JE AR 3R A B Rk A
H, GRHE OFV s KALIRE N H iy 1 — %
(—2LL), SR F IE [A] 78 0 A3 fi) S0 B 1R 228 A2 (] U192 gk
TR RIGE . IEFEINE SCUEFRHE 0=0.05,
HHEST 1, & A-2LL>3.84, MR RiZHLE
N E) SR, TP AR . B8N
ANEANAE @A W AR R )5 is H A
BRI, KRR DN EA R R L
Br, W &EArdE 0=0.01, HHESET 1, &
A-2LL<6.64, JUPREH MAEAY b 5 (ko 3 A 5
TSI WA B D 7 126
2.4 BORPFH 5 50E
241 WEMNEEG  BA R EA S0 B A
F5 WL 4 (detected values, DV) 5 A~ 4K Fil M &
(individual predicted data, IPRED). DV 5#E{A i
M 18 (predicted data, PRED). /™A X & % %
(individual weighted residual, TWRES)#1 IPRED.
AR EE % 2 (corrected weighted residual, CWRES)
A PRED A58 &1, WS HI A I 2 15 70 A1 11 51 AT

Chin J Mod Appl Pharm, 2019 March, Vol.36 No.5 -585-



AT RVEHIB L S 1R 5
242 WHEEIE KA Bootstrap VA5 i LRI
B HEAT IR EGE, 5 A &AL S 50 ok
FEE ke . JLE(T 1000 X H 285000 o
24.3 SMBEUE FIAKRSH @B E L M2
TR B A S AT 2 X BT A ST R AR B AT AR 56
E, 25 5 P SRR G AR DA A 1) At i H
MIALEFERE, WA 1) S o
3 Z#R
3.1 WA R S HER I
AHEFILGIN 147 6] ALL L, 606 24
WPE A, Hoh 122 IR L, 493 AN 245K FE s A
R, 25 BIEJL, 113 ANILZGIREE 55 EdE MR
OUFZH . LM —EATIRIILE 1,

R1 HANPPK AR B —REAFH(X£5)
Tab. 1 Demographic data of pediatric patients included in
PPK analysis(x +s)

bR PRI (n=122) IRAIE 2 (n=25)
Rk % 7.7+3.6 8.6+4.6
PEI (T 122)/B1 (%) 83(68.0)/39(32.0)  16(64.0)/9(36.0)
Hi/em 126.8+24.2 131.0£29.2
PR H/kg 27.7+12.4 29.5+11.6
PR TR /m® 1.0£0.3 1.0£0.3
L Wi(B-ALL/T-ALLY/fI(%)  97(79.5)/25(20.5)  18(72.0)/7(28.0)
P 04 1) B /g m 2 4.60.9 4.740.8
BEOKALE/L-m™ 11.5+4.7 13.7+4.8
AL E/L m™ 0.7+0.3 0.7+0.3
JK pH 6.6£0.8 6.4+0.6
HELL A L /UL 32.3+31.6 25.3+16.0
HELR R R /UL 32.2+26.4 26.0+13.0
2 SR E A /mmol- L™ 2.6£1.6 2.8+1.9
B 28 11 7% WLET/umol - L™ 4754274 4724252
B I/ (%)
5 IFAL 5T Z A 5 67(54.9) 15(60.0)
AT RERLLY 25(20.5) 7(28.0)
A AL f 2 13(10.7) 2(8.0)
R AR i 5 VS /45 (%) 64(52.5) 13(52.0)
i 2534 5 W 00 17 5
MTX-Caqp/umol-L™" 5.08+6.16 3.9443.11
MTX-Cegn/umol-L™" 1.8342.69 1.60+1.69
MTX-Copp/umol-L™" 0.73+0.90 0.620.72

i: B-ALL-B B2 PEUR R0 (% T-ALL-T AL 20k 40 i
M5 ; MTX-Caan/Cosn/Com—44, 68, 92 h I B WERS (1) 1L 25 34 FE o
Note: B-ALL-B-acute lymphoblastic leukemia; T-ALL-T-acute
lymphoblastic leukemia; MTX-Caap/Cesn/Corn—the plasma concentrations
of methotrexate at each time point(44, 68, 92 h).
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3.2 PPK ##
32,1 Z@htEsE Al AR R A MTX
I 259 FE S5 I (Al 0, B AT MTX 78
ALL BJUENRE& SRR, D0 0K —
M R R AT A, AR H bR R
IMENEE(—FE OFV: 91691; —J5= OFV:
748.04), X IEFE G BMAUARAMALT
3.2.2 FEAUBSIERY  BEHLRLN AL HEA A (8] AR 5
FRZEAR T, T R B A R 253 5 S 5
B ZE 5 TG 3 A T WIME Tk AR i AR
KA. el 5. RS AT A,
HEHE OFV /)N BIAR B Ry fe A0 A A ) A S R ke 22
A SRR f AR [A) AR 7 SR FH i OB B %o I g
1T A P=0-Exp(n), P, REE i MESHEUE, 0N
SRR IR, » RIEN 0, 2N o KIBEHL
W . BRZEAL S R N BUME AR AL H AT 5
Cobs=Cpre Exp(&) (B InCops=InCprete) , Cons NULEH,
Core NTRIE, & RIHEN 0, T4 o KIBEHLIR
#. CWRES fJ434i Q-Q(quantile-quantile) &4 fit
NI EIES S, WE 1.

i

2+

O_

)

T2 0 2 4
PRI S AL
1 AHNEXREZ QQoMHE
Fig.1 Condition weighted residuals (CWRES) Q-Q plot

3.3 [HE N

e T AR 22 R sR ZE B DL S, X A B
(oA B AT SR 0R i « ARAE H b R B 1) A8
R EENEZ bS5 S| NIV N IS Ve 2 =310]7)
R Fik(Age)- PERI(GEND). & & (Hight).
14 57 B (Weight) . AR A (BSA). 2 W 73 8 (Type)-
KALFE(TWD). AL &E(TSD). JR pH. MZLEA
(HGB). JR#EZ(BUN). BHWNHZAMALT). B
R M(AST). IiENLEF(CREA). HEH(ALB).
T E AT RGN FERRAWEH
A B BRI 25 L o A R AR K A, e ()
=1, PE=2). LW A (B-ALL=1, T-ALL=2).
GG AR TR FERRAWEA
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FEMERAY . B KAEREGE=1, f5=2)R4K
AR %ISR I RIS IR I [ 1 R R E B
LR ) . B ABRNR

V1i=0v1-Exp(nv1)

V=03 [1+(Oy2.vomiting Vomiting)]- (1+(Byz.rr-

RT)]-Exp(17v2)

CL=0cL1 (1+(TSD-0.65) 0cv1.tsp) Exp(17cL1)

CLy=0cL> (1+(TWD-10.9)Ocr2,rwp) Exp(7c12)

HAr, Oviv Ovas OcLis O 739 SR
WMATATER . SN ZERM A AMAER . PR =TFHR
AN A Z H BRI BRI AUE , Ova vomitings OvarT
43 ) R MR I T A B R 1 2 W X A SR
BRI S, Ocrr 1sp AL XS H =
THERFERENSE, Ocrorwp 2 /KA RS FHE 535
BRREIZESE . nvis vas neus e 352
B FEZEIAAR AR S o FERRAR T A B AR T 2
WA 2,

w2 FAEAfRAER HETUNESHME
Tab. 2 Population pharmacokinetic parameters of basic and
final models

R 25 % 5% Tl o b
FER U 2 WAl {E RSE/% 95%CI
FERL TR
Ovi/L'm™ 24.75 18.96 15.53~33.98
Oy2/L'm™ 13.12 19.97 7.97~18.27
OcL/L-m > h! 2.55 13.13 1.89~3.21
Ocro/L-m > h™! 0.37 22.47 0.20~0.53
ovi/% 48.11 20.56 28.68~67.54
wva/% 232 43.97 0.32~4.32
wc /% 6.97 40.75 1.39~12.55
wcLa/% 45.10 18.29 28.89~61.31
/% 29.63 8.93 24.43~34.83
T AR
Ovi/L-m™ 51.16 3.87 47.27~55.05
Byo/L-m™> 18.63 5.73 16.53~20.73
OcLr/L-m > h™" 9.62 3.38 8.98~10.26
OcLo/L-m>h™" 0.75 2.54 0.71~0.79
Oy2.vomiting 0.11 224 0.11~0.11
Ovart 0.065 1.57 0.06~0.07
OcL1,TsD -0.11 -3.14 -0.12~-0.10
OcLa,TwD -0.06 -1.19 -0.06~-0.06
ovi/% 5.81 6.88 5.02~6.60
wva/% 6.98 2.15 6.69~7.27
wcL/% 261 2.68 2.47~2.75
wcLa/% 6.29 11.13 4.91~7.67
/% 25.68 3.43 23.95~27.41

W o OvilOva/OcLi/Oco— & 25 B 2 2 B R R RE AR LTS (E

Ova,vomiting/ Ova,r1/Ocr1 tsp/Ocra, rwn— P8 B X 38 W 43 A1 25 FURIE Bk 26 11
HSH: ovi/ovi/ocL/oc,—& B3 % S8R Z2 7 10T 725 o—
AR ZERITT % RSE-Z SRR EMAE T T S E S L.
Note:  Ovi/6v2OcLi/Ocro—the population typical values for each
pharmacokinetic

parameter; Oy vomiting/Ov2.r1/0cLi Tsp/OcLa, rwp—the

correction  factor regarding each pharmacokinetic = parameter;
wvi/wvy/ocri/oca—variance between individuals; o—residual variability;

RSE—-percentage of relative standard error.
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3.4 BRIP4

KA FE RPN AL 1) PPK RSS2
FEAL R DV 5 TR B R 50 99 A7 7 X6 £
LGN, M CWRES %} PRED Fl IPRED #{ s B4
Wr, KBS I BUR TS AE y=+2(+1.960)2 F EL £k 2 [,
2 kA RECPAT, AR RS R, 25 R
K 2.

4 -
—_ 2 i
=
a0
£0
= o,
a
-2+ S
D& °
-4 L L L 4 L L L 1
-4 -2 0 2 4 -4 -2 0 2 4
IPRED/mg-L-! PRED/mg-L-!

20 2 4 T2 0 2 a4
IPRED/mgL"! PRED/mg-L-!

B2 HAERHUSMHEA
Fig. 2 Goodness of fit of the final model
3.5 HRIMEGIE
3.5.1  HWEEUE SRHA Bootstrap ¥E#E4T 1 1000
RATRRI I RE, 25 R 5 R AR S 40l THE
L, #BYELE Bootstrap THAH1H 95% & 15 X 7], {lE
IR RS E M R, B AR R, 4R WK 3.
3.5.2 AMRIGAE  CRORHI TR 25 BB OL3E
113 A I 24 3K P2 B4l BE AT R R ) A ARG I, AR A
LRI A5 B Y I 24 9 BE TROE 5 SR LB, %
SR AMENE, SR 3. ARG IELLR
DV 5 IPRED HJHUA BT LLA H, FNME AL
TXI M b, MK G, PRED BARLEMH, (H
T & LU 5 S b Ay AT AE T F AR, T B R A AR
YOI BLA RAF A
4 g

HD-MTX-CF J57%&4E ALL &)L Z N H,
SRIM MTX MEZESFE R, AFEAE, HAEF— M
FEAN A I [) AR A R A 22 R - MTX 1
B2 F) i 8 R T 4 i A AR R UK BT P % e A I
), MTX ZEIE 7 B A i I T 3 04N RS )
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% 3 Bootstrap /1T %
Tab.3 Results of bootstrap analysis

BER 32 R AR Bootstrap THfii{E
ZH e W5 RSE/% 95%CI
Oyi/L-m™ 51.16 58.84 8.24 49.31~68.37
Hyo/L-m™> 18.63 21.94 9.47 17.86~26.02
OcL/L-m>h™ 9.62 9.61 7.12 8.27~10.95
Ocro/L-m 2 h! 0.75 0.70 9.48 0.57~0.83
Ov2 Vomiting 0.11 0.09 11.30 0.07~0.11
Ovarr 0.065 0.07 9.90 0.06~0.08
Ocritsp -0.11 -0.09 -16.73 —0.12~-0.06
OcLarwp —0.06 -0.07 -3.91 —0.08~-0.06
wv1/% 5.81 4.98 9.94 4.01~5.95
wval% 6.98 6.81 3.35 6.36~7.26
wcL/% 2.61 2.28 8.29 1.91~2.65
wcLal% 6.29 5.78 5.20 5.19~6.37
/% 25.68 28.87 12.34 21.87~35.87

VE 2 OvilOva/Oci/Oci— & 25 B % 2 BUXT L) BE AR T (E

Ov2,vomiting/ Ova.rT/OcL1 Tsp/Ocra, rwn— P8 H 6 38 W 4341 25 ORI Bk 28 11
S EG ovi/ovilocu/ o828 %S5 ANMR IR 2 7 107 25 o—
AMEA Z R 177 % RSE-SHU & AR UE R AE L& (H BT 5 (0 43 L o
Note:  Ovi/6v2OcriOcro—the population typical values for each
pharmacokinetic ~ parameter; Ov2 vomiting/ Ova,r1/OcL1,rsp/OcL2 rwp—the
correction  factor regarding each pharmacokinetic parameter;
wvi/ov)/ocLi/oca—variance between individuals; o—residual variability;

RSE-percentage of relative standard error.

4r 4r
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2 0 = 2] P
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(] . g o i Z . — ° % $
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0t o o
©,
P 5. ° o
- L 1 1 I _4 L L 1 |
4—4 -2 0 2 4 -4 -2 0 2 4
IPRED/mg-L"! PRED/mg-L™!

B3 SMERIEALMAE S T A 6 B B (n=25)
Fig. 3 Scatter plot of detected values and predicted values
in external verification group (n=25)

SRR 3G 0 o A 50 H AR T BR (1 £ )L MTX 44 h [1)
I 259K B P 218 5 (5.0846.16)umol - L™, & 4 4l i
JUTELR 25 JE 10 212 h 259 B 4 B¢ &2 /K. 5
LR R EREE AL WA A—, HIEW
TH BRI LB, 2R TH BRI R LTE R 2218, MTX
RN 258l 2 R e AR W 3

HATE N T MTX ZERW LA PPK
TN & S L N WS R FE VAN R EL S T 7 S 2 N f]
PPK HEAY, 45 5 G os MTX 78 28R I8 88 ) LA N 4
B E GBS SRR R A L,
WAEMERE T2 %%, DV 5 IPRED. PRED
(1 1 AT B 38 ) oy AR AE XS A 26 W, CWRES X
PRED. IPRED #{ il 2 2[R HZ KECFAT, [FIR
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PN 36 UE AN R B0 IE 4 SR Ae e, ULEIRL A B N
A R E RN . R R R deE v ORE
AEH 51.16 L-m *(RSE=3.87%), 4 A% V Ny
18.63 L-m *(RSE=5.73%), Wit3 CL BEK{E N
9.62 L-m*>h ' (RSE=3.38%), 4t J&§ % CL A
0.75 L-m >h™'(RSE=2.54%), 534 CHRIRIE 1 1E
W BRI LR R SR 2 R (P = Ve
1.136~20.51 L-m™>, #ME= V: 0.515~7.05L-m >,
i3 CL: 5.04~6.81 L-m>h™', 4MEZ%E CL:
0.017 2~0.28 L-m>-h )", 8 5t K B 4E IR W
ALK CLy M Vo #F R TCZEIR W B2 K1), A T 2
P RPEAR R B ARSI ZR CL M1V
B, s CL MV WFEEROK, AR
FAEIR BRI IL MTX 2 40 A 4RI, 254
BRGERNER, WmEA St n, 55
RAAR KN
TEAR Bk R B, AXEEFIA IR A S
BHENAYRERWAEE V, ik s KL
BRI CL. B (X i 5 B K 2097 2 AT 5 i
Z9WDIE R, ASHIE SR k2 LA H Rk AT 1)
7E 2~3 UL L, BRI Rt b MK A AN 784
BME, MTX EEUZYERE SN HE, D&
DAL & BUREAE T HFE . B ATSE. MTX NS5 IHEZ
Y, TEREIRE R RIRE, 5Tk, MER
PEPRB RN 5 F 75 B /N T s bt , S
B R A A I B 2, BIAE
JULTT 38 Bk 3 R L B 5, {H B /N BRpE I R ) B
CU R R, MRS MTX M ER. R, 782 fKk
B B E T DUREIE MTX SR AHT 90 4
LW R B LHOK . B ERR A E, AT
SEERRET, S0 T BEAE A IR s ak
FaEE R RN EIL, MAasKt. ik, LA
BT RiEE T IEFERNEIL, At
MTX TEff EIRAS T PRI
Ubah, RFFTBAAEERRZL: ORTR
Nl BT, 52 PR T RE AR SR A, i8R A
RARMANLZE, WRBEE. Hiskmsifte s
P, REBINT T MTX ZEIR T BRI &L, e 3L ik 1%
B RTRE R E IR K, 5 S8nl L8l R 7 R I
J&: @uit— R EFHLGIME A& PK-PD, &
B MTX J7 5%, #n MTX /ERINLEE; @R
ARG AIE 45 BN AR, (BT KRR
B0 IR S AT (R a] SEE L VAR R I R S
HE LR 2524 2019 4E 3 55 36 555 5




Ja B AN e T AR, KRR N IR

LR ERTR, AHE SR H AR VE TR & RN AR Y

EHEEAL T MTX SEIRVH BR ) ALL & LI PPK A4,
B R PR W FU s, B % R 0 LI PR
S bRIAET . X FBEAE 5 R A MTX ZEIRIHBR, K
FlE MTX ], RAERME., B ESEn L
IR B 8L, Pl A R P e i 24k, R
WAMEWE 2T R, G IR B S 24,
H R TAEERKME. Bk E, 20 E
JUIIL 25 9 BE AR A A o, MR DU Th e, ek e
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