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ABSTRACT

Background: High doses of methotrexate (MTX) are often used in various chemotherapy protocols to treat acute lymphoblastic
leukemia (ALL) and non—Hodgkin’s lymphoma (NHL) in children, but its delayed elimination increases the occurrence of adverse
events, such as bone marrow suppression, The aim of this study was to investigate the elimination of MTX at 24 and 48 hours,
Methods: We retrospectively analyzed electronic medical records of ALL or NHL pediatric patients who received 5 g/m2 MTX
infusion over 24 hours (between June, 2012 and July, 2018) at the Yonsei University Health System, Korea, The delayed elimination
of MTX concentrations was assessed with 100 or 150 uM MTX at 24 hours, and 2 or 5 uM at 48 hours, Results: Among the 85 MTX
cycles administered, 23 cycles were classified in delayed elimination group, and 62 cycles showed normal elimination, At 24 hours,
the delayed elimination group with MTX concentration > 100 uM showed higher percentage than group with MTX concentration
< 100 uM (45.8% vs, 19.7%, p = 0.015). However, no differences were observed at 150 uM MTX (p = 0.66), At 48 hours, the
delayed elimination was higher than the normal elimination at both concentration baselines (o < 0,001 at 2 uM, p = 0,024 at 5 uM),
Conclusions: MTX concentrations greater than 100 uM show high probability of delayed elimination at 24 hours, When MTX levels
are above normal, leucovorin and hydration regimens should be continued to prevent delayed elimination,
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(acute lymphoblastic leukemia, ALL) % BIZX|ZIHZZF  tetrahydrofolate (FH,)’} TFEAX= RS Aslsle] e

(non- Hodgkm lymphoma, NHL) X|g89] £03 o=olck.) = bt Leucovorin® folic acid®] &4 A=
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of we} e bs}ﬂl AREEM, ARk o R 1 g/m? ol A ZF AAE  glo], & MTXS) vl A ole 9js) 8
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MTX= dihydrofolate reductase (DHFR)E 71202 A ALL 2 NHL®] o2] Z2EZ| = MTX 5 g/m’*S 244]
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7+ 59K(S g/m%/24 h) Folsar iok. Ty, AT MTX 5
g/m*E 24X)7F B3t F Jeucovoring ZHIEE PilslE
24, 48X & MTX 559 715% leucovorin T4 8.H
o] &7, 8ol Aolaltt. gt FEdH Aol = 20124 6
HE Larsen 59 7= wlgo=Z ALL ¥ NHL X359
MTX 5 g/m?/24 h £¥& 28-317] A2kt 21,7 Children’s
Oncology Group (COG)2] AALL0031 175 vlES 2 MTX
Fof 324, 48, 72X A0l 5 MTX F5E 579310 244]
A @ MTX = ([MTX]54p)7F 100 pM o) o] A1} 484
) 8% F=(IMTX 4,7} 2 oM 02321 49 leucovoring
Zaksla ok ey o H2o] U COG AALL0434 A
TXE [MTX 47t 150 pM ool AL [MTX 457t 5 pM
ool 9ol leucovoring FHeleE Pt Jok?) o
g B AFolA e g S Aol A @Al AR 81
91 [MTX],q7F 100 pM ool AL} [MTX] 47+ 2 1M o3
A o leucovoring St o] MTX vl A4S o ie}7]
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20123 695 2018 7€97k4 MTX 5 g/m?/24 h o
2.1} 194] m]¥k ALL =5 NHL 37} 2 MTX §of 712
o= o, MTXE FdstAY FArhS W%k
F71= ATt A AlLf st

MTX §0f

5 g/m? MTXE Fof uh= 52 Zo]e MTX Fof 44]
7+ AFE| sodium bicarbonate 20 mEqg/L ©]’do] & 4
< 125 mL/h/m?2 Fo ¥kEo ™ urine pH7} 7.5 0448 74
7] YA Zo A 3712 sodium bicarbonateE W&
kT MTXE 24413t §¢ TR0 o, €5 MTX &=
MTX 5o AJa % 24, 48, 72A7H) HEE 8% MTX 57}
0.2 uM oJ3b} B W7k SR, A BF B
7} §le b= 121 Ol 7 A g AR O] EF MTX &
=2 A% Leucovorin® MTX F¢ 36X17H0]
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75 mg/m*S 13] Fofalar o]F 6417 it} 15 mg/m* S &
slo], 5 MTX E571 0.2 pM ©lep7t & wj7hA] 2|83t
O, [MTX],47H00 uM 02321 ZH9-oll= ZA] leucovorin
100 mg/m*S Foj&}ar 32 7kvje} HhE Foi3}ir) B A7
AAgsta. MEaaEd  7)3EE] 4199193 (Institutional
Review Board, IRBYlA A7A18S SARJTHIRB number:
4-2018-0909).
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MTX Bl AL 7223 2] EF MTX E5=([MTX] )7}
0.2 pM oSl 7392 Zelslgon,!') COG AALL0031¢
Tk COG AALL0434 Q75 Hlustarat [MTX]y,,E 100
uM ot mIRE, 150 uM o) w|Rko g2 o] A
o] ABAS EAFIATE S MTX]yg45 2 uM ©]434 1]
T 5 uM ol Bk g ubro] rRRIA|R uf A Akl
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ATE v, vol, 4, BML, 714 417153 117
F, 5g/m*24h MTXS] 73 o] 315, MTX Fof 271X
hydrationS 2183} & A|7FQ] prehydration A7, & 28
W ok W8-S tioE widRIAY o3 RS e
APAAE FAsHekY

217158 blood urea nitrogen (BUN), serum creatinine
(SCr), creatinine clearance (CrCHZ W75l CrCl=
Schwartz2] 131000 22 A28}t 717152 aspartate amino-
transferase (AST), alanine aminotransferase (ALT), &5 4=
A2 st e A e 5 MTXY] &0
QS = 5 Y= FE = Lexicomp® drug interaction grade

C o1l oFs Folshsieh

MTX 2&&

MTX 5ol ¥ the detststan] 571 A4 8717 vt
A=A, P47 AEAdo] tis] Common Terminology
Criteria for Adverse Events (CTCAE) v5.0 7|22 E43}
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Table 1. Common terminology criteria for adverse events version 5.0

Grade | Grade |l Grade Il Grade IV
Creatinine increased >ULN®-1.5 x ULN >1.5-3.0 x baseline >3.0 x baseline >6.0 x ULN
AST? increased >ULN-3.0 x ULN >3.0-5.0 x ULN >5.0-20.0 x ULN >20.0 x ULN
ALT® increased >ULN-3.0 x ULN >3.0-5.0 x ULN >5.0-20.0 x ULN >20.0 x ULN
WBCE decreased (10%/uL) < LLN-3.0 < 3020 <2010 <10
ANC? decreased (10%/pL) < LLN-1.5 <1510 < 1.005 <05
Platelet decreased (10%/uL) < LLN-75.0 < 75.0-50.0 < 50.0-25.0 <250
Anemia (Hemoglobin, g/dL) < LLN-10.0 < 10.0-8.0 <80 Life-threatening
9Aspartate aminotransferase
®Alanine aminotransferase
“White blood cell
dAbsolute neutrophil count
CUpper limit of normal
fLower limit of normall
%7“ tc',“ﬂ MTX? 5 g/m? infusi 24h protocol
thd B0 g BF MTX 55 59 AR 157 g niusen over b pretece
o _ _ 115 cycles
5 $F 0 E Akl EAEAT A0 24 SOl

UERA] 982 /AT v A AT-S Bl
hujl, A%, BMIS} 22 9158 W= student t-tests AF8-3}
. B 2 WFY WG5S Blask A 2443
A, 481314 EEE HFslete] vidA A A
TS ER18t woll= chi-square test B== Fisher’s exact test
£ ARSI AR fiok #o] s 48 Al
o p<0.120 Al el HE3]ARAS F7IE Aldsk=s
At BE BA6lA p<0.05Y W FAHOE F9
sitial grlsisler Ak 43 FAl= Microsoft Office
Excel 20102} IBM SPSS statistics ver. 24.0 (IBM Co.
Armonk. NY. USA) ZZ 138 o]- 83}t
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201243 693E 2018 797HA] 5 g/m%/24 h MTX &S
233}k "k 194 H|¥F ALL B NHL S 343 o)n 11-8-2F
MTXE 11557] FAEHAOM, o] T MTXE #HdstAY &
AATre]l A E 30571 ALttt HEH o= 2999 11
£ MTX 855715 tldoz Aslglon, o] T uidxA
a2 237 7], WA A A o] e A] 92 Al T 62571
FTHFig. 1).

% 85F7] & ALLE 777712 o] & Axhjdito] 59F7)
(76.6%), BRG] 1857](23.4%)5.2 ™, NHLS 857]
2 o] T Aol 3F71(37.5%), sidRATe] 5571
(62.5%)E NHL 2P} 1188 MTXS Fo vk 7|4
AR A BlEo] FofshAl =3k (p=0.018, Table 2),
NHL 2= E5 T-cell lymphoblastic lymphoma%ith.
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change of infusion time

30 cycles
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No dose reduction
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85 cycles

Normal elimination Delayed elimination

62 cycles 23 cycles

Fig. 1. Study flow chart. “Methotrexate

2407 EF MTX 55 8557] 25 ZAH0 o), 48
) BF MTX F5e 7077947 S35 A=, o] &
AT 4957, wl A A A2 21571 TE [MTX ]y,
7 AR AT 104.7 +£75.5 pME ATl A
9] 77.38+39.51 pMHET} SoJ3HA] =%OH(p=0.033),
[MTX 45, Bo% HIAAAToNA] 2.08 +2.07 pME A7
Bl AT 4] 0.35 + 0.30 pMETE GA] FolakA E=UcHp =
0.001). 2 &] AW, tJo], 7], A=, BSA 71# AFR]qX =
Ik xfo] & Ho| x| I3kt Table 2).
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Table 2. Basic characteristics

Normal (N=62) Delayed (N=23) p-value
Gender, n Male 42 14
0.553
Female 20 9
Age (year) 9.94 + 555 11.78 + 4.54 0.157
Height (cm) 134.50 * 31.10 147.70 £ 29.10 0.078
Weight (kg) 35.40 = 20.50 41.80 = 20.40 0.207
BSA® (m?) 1.13 £ 0.45 1.29 + 0.44 0.149
Diagnosis ALLP 59 18
0.018
NHL® 3 5
WBCY (10%/uL) 3.12 £ 1.87 3.31 £ 1.69 0.665
ANC® (10%/uL) 1.98 £ 2.21 1.55 £ 1.26 0.255
PLTF (103/uL) 180.20 + 119.10 155.30 + 98.90 0.372
Hb9 (g/dL) 9.24 +1.20 879 £ 1.16 0.125
*Mean * standard deviation or number
9Body surface area
b Acute lymphoblastic leukemia
“Non-Hodgkin lymphoma
dWhite blood cell
€Absolute neutrophil count
fPlatelet
SHemoglobin
50
: P=0.015 100 P<0.001 m
o ; o 100%
3 % g 3)
g : P-066 g %
- 30 | 33.3% b .
£ ‘ @  =<i00uM £ _ 60 <2uM
=7 | 26.6% B> 100 UM T 8 ":2uM
k] 1 (21) = 18w g
%@20‘ < 150 uM 1%@40 <5uM
- [}
] | > 150 uM o N
- 10 | s 20 26.9% * oM
- £ (18)
! ] .
g 0 & 0
<100pM > 100 M <150 uM > 150 pM <2pM >2uM <5uM >5uM
Concentration of MTX2 at 24h Concentration of MTX® at 48h

Fig. 2. Comparison of serum methotrexate concentration and
proportion of delayed elimination group at 24 hours. “Metho-
trexate. *The cycles had plasma MTX concentration at 24hours
are 85 cycles, 23 cycles were delayed elimination group. At the
24 hours, the percent of delayed elimination group was com-
pared between MTX concentration greater than 100 uM and
less than 100 uM. It was also compared between MTX concen-
fration greater than 150 uM and less than 150 uM

WS o, 100 uM o) el A w2 AL 45.8% (1157
21} 100 pM BFRIAE 19.7% (12F7])E, 100 uM o3
o wjdz|Ae] o wol YeRTHp = 0.015). 121} 150 uM
olda} mvko 2 HwElS wiolli= 150 uM ool A uljd
A 0] 33.3% (2571), 150 uM B FHI| A& 26.6% (215-7))2
Heht 2o 7} IATHp = 0.66, Fig. 2).

Fig. 3. Comparison of serum methotrexate concentration and
proportion of delayed elimination group at 48 hours. “Metho-
trexate. *The cycles had plasma MTX concentration at 48hours
are 70 cycles, 21 cycles were delayed elimination group. At the
48 hours, the percent of delayed elimination group was com-
pared between MTX concentration greater than 2 uM and less
than 2 uM. It was also compared between MTX concentration
greater than 5 uM and less than 5 uM

7)), 2 uM BFH X 22.2% (1455 7)E 2 uM ool A v A
A|o] o #o] YERITHp <0.001). 5 uM o3z} mjrio g
U woll= 5 uM ool v x1¢d0] 100% (3571), 5
uM mIRkel A 26.9% (18F7])% YRt 5 uM ool A uijd
A Ao WS FR1% = AU THp = 0.024, Fig. 3).

[MTX]ygprs 2 pM o33 mIRke = tpro] udx|dell of  Q&QIX} HM
3] A S A, 2 uM o] el A= v A Aol 100% (75 ARAAL ks sl A e v x| Awe] tisf o
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Table 3. Univariable analysis comparison between normal elimination group and delayed elimination group

Normal (N=62) Delayed (N=23) p-value
Age (year) 9.94 + 555 11.78 + 4.54 0.157
BMI® (kg/m?) 29.23 + 523 30.65 + 525 0.271
Cr® (mg/dlL) 0.39 + 0.16 0.45 + 0.15 0.126
CrCI® (mL/min/1.73 m?) 221.60 = 57.10 217.60 = 57.70 0.775
BUNY (mg/dlL) 881 + 3.12 8.35 + 3.69 0.575
AST® (IU/L) 52.39 + 50.83 61.78 = 64.16 0.659
ALT' (lU/L) 57.71 £ 799 6178 + 64.16 0.827
Albumin (g/dL) 415 = 0.51 413 = 0.47 0.866
Prehydration (hour) 19.08 = 8.90 21.52 £ 11.89 0.310
Number of high dose MTX9 cycles, n 2 (1-4) 2 (1-4) 0.131
Drugs, n (%) None 24 (38.7) 5 (21.7) 0.143
Furosemide 34 (54.8) 17 (73.9) 0.111
PPIn 12 (19.4) 3 (13.0) 0.750
NSAID' 0 (0.0) 1 (4.3) 0.271
Aminoglycoside 0 (0.0) 2 (8.7) 0.071

*Mean + standard deviation or Median (range)
9Body mass index

bSerum creatinine

“Creatinine clearance

9Blood urea nitrogen

€Aspartate aminotransferase

fAlanine aminotransferase

SMethotrexate

PProton-pump inhibitor

Nonsteroidal anti-inflammatory drug

Table 4. Adverse event after administration of methotrexate

Normal (N=62) Delayed (N=23)
Total Grades 3-4 Total Grades 3-4

Renal and hepadatic toxicities

Creatinine increased 7 (11.3) 0 (0.0) 5 (21.7) 0 (0.0)

AST® increased 52 (83.9) 10 (16.1) 16 (69.6) 7 (30.4)

ALT® increased 48 (77.4) 7 (11.3) 19 (82.¢) 3 (13.0)
Hematological toxicities

WBC decreased 61 (98.4) 39 (62.9) 23 (100.0) 18 (78.3)

Neutrophil count decreased 52 (83.9) 35 (56.5) 21 (91.3) 14 (60.9)

Platelet decreased 43 (69.4) 11 (17.7) 18 (78.3) 5 (21.7)

Anemia 62 (100.0) 34 (54.8) 23 (100.0) 16 (69.6)

*Number (%)

9Aspartate aminotransferase
b Alanine aminotransferase

&
&

e g 29, 73 ks e, p<0.1)] Aol 54.8% (345F7)), i A Aol 73.9% (17572 HiAd
o A

AL glo] T3] JAekA] etttk 2oy widx] A ATelA B B2 S B AATKTable 3).

Aol HiF Qo] 1178 £ 4.5442 AujdTe] B

A 9.94+ 5554 B} =& AFS HPoH(p=0.157), MTX BAL2

FTAG rLokEo] HEEA 2 9= AdETe] 387% EE w9 creatinine S7h= BTN TF
(24570), WiEAIATO] 21.7% (5F7NE Aol ¢ ( 13%) HjAXAolM 5571(21.7%)=2 WA ATl
B 7S Btk =3 furosemideE M-85 739 /0wl 2 S BYoH, 355 o] 59 creatinine 57 =
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Table 5. Administration of leucovorin

Normal (N=62) Delayed (N=23) p-value
First administration time after MTX (h) 33.63 * 4.46 31.54 + 452 0.059
First dose (mg/m?) 77.35 + 17.59 82.06 + 18.88 0.285
Total dose (mg/m?) 239.56 * 203.15 1105.05 + 2550.37 0.118
Total period (days) 2.84 £ 0.70 431 £ 1.95 0.002

*Mean % standard deviation

YEA] eodth. 355 olde] AST S7he g dnlldatellA
10771(16.1%), ¥lEAIATAA 7571(30.4%)01 A2 (p =
0.220), 355 o9 ALT 7= ATl 757)
(11.3%), ¥iAAATNA 3571(13.0%)= HIAERA ATl A o
= B¢ BHATHp =1.000). 355 ool WidT A
(p=0.181), 3T #A(p=0.714), &2 4 (p =0.757),
¥ (p = 0220y 25 wjAdRAToNA o 2 AFS BHA
THTable 4).

Leucovorin I

Leucovorin 3 FHAHL v dx]AFoA MTX T4 &
31.54 £ 4.527 70, Aduldatoll A 33.63 £ 4.46A1 R H L
H(p=0.059), 3 Fo&e vjAdx| ATl 82.06 + 18.88
mg/m?, AAAEATA] 77.35+ 17.59 mg/m?(p = 0.285)=
25 foJdk Zfol= giglth. Leucovorin & Fo-8782 4
HIAdTA] 239.56 + 203.15 mg/m?, HIAAA] A4 1,105.05 +
2,550.37 mg/m’E AR QTN E AES HYou F
oJelAl= LUThHp = 0.118). F Fof 7|3ke] A5 v dx| AT
°] 431 + 1.954 = A dulAT9] 2.84 + 0.704 H T} F-2J3HA|
ZJHp = 0.002, Table 5).

U2k

o

I8 MTXE FoI3he 735 223t hydration} leucovorin
TALH Sol= B8k MTX wjdx|de= <3 w2 &
ZF MTX &% A& ow =29 5 Qrh.!Y o)} o
MTX x| A3}t Adsle] 5 MTX 59t €= creatinine
Fx)o] APA, HE MTX 59} 228 5 oy oF5shy
A7} X E]o] ko™, Fabresse 52 A7-ollA] MTX A
AL Q53] 7P L A dF MTX =2kl B
= Bl Jok!D Ty i RAe) F1Fe] AFteitt g u)
AR AL =3 5 = 5 MTX F= 7150 te d7+=
A w9 Hom=, QoA HEslal e 7IEe| AHS
2] 818 F e AJo] okl A3t

w1 71% Al 8% =5 Santucci 59 7o
AME [MTX],7F 0.15 uM o3l A% 502 Holsiie
19 Tiwari 5] AT AE [MTX]50,7F 0.1 uM ©]73<1 7

¢ o' AHosiyrt2) ae, ® Ao Svahn 59
A7AE [MTXP} 0.2 pM 0]81d Wj7h7] 5 MTX 55
24312, vl S Fabresse 52] 72} 220] [MTX]yy,
7F0.2 uM o1del 7392 Ageofatet.!D £ Aol A o] 7)1%
o2 Ay} A ATS o] EAeh Hakes &
RS Wl EAEA F T5Y A=A, 154 SHo|
A Zpol7) gl Ao 2 YERTh T3 83 MTX 555 0.15
oM E= 0.1 pMe wi7bx] FUE st wldAae) TEe.
2 & 7 0.2 pMol| Bl F218- A Eo] gt <A
7} SR gkor, gxfe] Ajedrizte] EE Qs ST
ATHL AEETE 2 ATFelA T2 EF s50F §le
= it F5rt wEA st 27 §do] rhsd g
29, ol 7P A% Al 60X EF FEE o
Alskact.

B AFoxde 2403t e 4827 EF MTX 553
Boll a8 MTXO] WA S o| 531314} 31Tt Fabresse
59 AolM e BF MTX F57} 244174 65 uM ©)7d, 48
AR 0.5-0.83 pM odd -5 A Ae] oSEttal 5=
st o} o] Aol AoF ALL, 9% 34} Qo= 5
Z 327} o] AL MTX &3 L FA7te s}
2] FSreh D B Ao e MTX £ 24417 8% 557}
100 pM o)<l Z9-¢] 100 pM m|FHY wjr T}t v 2o
HlEo] st A Uelto =2 (p=0.015) A 283}
I U 240 5557 100 pM o)l Z1Eo] miAE A
A& dS3tr)ol Adsitial & 4 AUt

1, MTX £ $ 4877 ¢] P35 59] Z-5-ol< 2 uM
5 uM odd w) v R Ae] Hlgo] B foJsiAl =9k

, 0l 27NEe 2= o= 7] o] W leucovorin T
sl Blo] AEEA Adsrle ofHo ok, vl=s
kel =2 o] Ul M= MTXE 715523l A1# leucovorin
Hod a3 og I35 MTX 555 343 gojxmd 4= 3l
+ carboxypeptidase G, (CPG,, glucarpidase)’} AF&-E11 )
o, HZ 7te|l=eRRIME [MTX] g7t 5 uM oldd
glucarpidaseE AM8-31E2 B3It 1} glucarpidase
7} =]ER] ol MTX AR O ZE 23] leucovorin®] 2=
FERE ASE = e A U Y E/dSeIXE glucarpidase
O] AFE-71F9] [MTX]ygp, = 5 uM Kt} & o] B=29) 7159
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[MTX] g, > 2 pM W] leucovoring S#3h= o] o] A
F Aokar AlE Eok

E A oae o] Aol Al MTXe] v x| A0l tish
AR BauEd vo], Fe Ak il okEe] WE o
-, prehydration A7t o] 25 v A%e] ATAEE AS
3] ZFTE MTX 5 g/m>S Fof Hhe- Ao} ALL $415 A}
© 2 3 Csordas 5-2] Aol A= 144 o)<l ol A 144 vl
TR 22180l FTlste] o] F71Ee) wet mjdL&Ert
aslag o] WA AR FEsI o
£ AFelxs ajdRA AT Aio] Al Te] AR E
=& AATES B ofFIT) I3 Ranchon 5] ArollA &
T MTX9] 555 =Y 7Faio] e &S Heshke 3¢
MTX2] HjAdo] X918 & Qlrkar B sl o} ?h) B Ay
FlMe dF MTX 559 943 = T A HE = 5
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