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Ugmethotrexate(MTX).%Fﬁﬁ"ﬂﬂf@ﬂiﬁﬁ?ﬁ
1’E2%¥E|3757§2 BEPIEHERAGRRIEZER

S 5 & methotrexate(>500 mg/m2)E AR AEIKIEEES « [REE M PRELSME B S RN TE
MARSEMEMEERIRE - MEEESHSE MR P EMS&LZIIE - B=o0/ 578000 mg/m? -

Regimen in hematology MTX dose Day
HDMTX 8000 mg/m? D1
Bloc MTX 3000 mg/m? D1
HyperCVAD course B 1000 mg/m? D1
BOMES 1500 mg/m? D7
SMILE 2000 mg/m? D1
AspMetDex 3000 mg/m? D1
CODOX-M 6000 mg/m? D10

GMALL-B-ALL/NHL2002 cycle A 1500 mg/m? D1
GMALL-B-ALL/NHL 2002 cycle C 1500 mg/m? D2
mBACOD 200 mg/m? D8, D15 no leucovorin rescue
Bloc Endoxan 25 mg/m? D1 no leucovorin rescue
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Methotrexate&l {EFH

* Renal toxicity

* Myelosuppression

* Mucositis

* Dermatologic toxicity
* Neurotoxicity

* Hepatotoxicity

» could happen in any serum level, w/ or w/o leucovorin rescue (high dose)
* Lung toxicity
» Rare, leucovorin can not reduce lung toxicity
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Time-dependent decrease in serum MTX level
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Oncologist. 2016;21(12):1471-1482.
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Figure 2. Nomogram for the expected time-dependent decrease
in serum MTX levels after completion of MTX infusion. Nomogram
for expected serum MTX levels as a function of time from the end
ofa 6-hour infusion of methotrexate at adose of 7.5 g/m”.The dark
blue area represents =2 SD from the mean (orange line). Values
above the red line indicate impending or severe toxicity. Adapted
from [112] with permission.
Abbreviation: MTX, methotrexate.
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1. N Engl J Med. 1977;297(12):630-634. 4. Leuk Lymphoma. 2014;55(6):1345-1349.
2. J Clin Oncol. 1994;12(8):1667-1672. 5. Oncologist. 2007;12(11):1299-1308.
3. J Oncol Pharm Pract. 2016;22(3):430-436. 6. Ann Hematol. 2016;95(12):2009-2015.
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1. Chabner BA, Allegra CJ. Antifolates. Philadelphia: Lippincott Williams & Wilkins; 2010.
2. European journal of clinical pharmacology 1981;19:453-6. 2
3. Cancer Chemother Pharmacol. 1984,;13(1):9-13.
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y Table 2. Drugs that impair methotrexate clearance
S n Agents Mechanism of inhibition

Nonsteroidal anti-inflammatory drugs, penicillin and Direct inhibition of renal excretion
penicillin derivatives, salicylates, probenecid, gemfibrozil,
trimethoprim-sulfamethoxazole

° ° ° ° o ° ° ° . Ampbhotericin,aminoglycosides, radiographic contrastdyes Nephrotoxicity that leads to decreased glomerular
Adj u St | n g m e d | Cat | o n S Wlt h pote nt I a I | nte ra ct | O n S filtration with consequent inhibition of renal excretion
Proton-pump inhibitors Unclear; potential inhibition of methotrexate
BCRP-mediated renal transport
P-glycoprotein/ABCB1 inhibitors Inhibition of methotrexate transportin multiple organs,
including kidney
Levetiracetam, chloral hydrate Unclear, potential competition for tubular secretion

* Vigorous hydration
» Adults: 150-200 m! of fluids per hour to a total of 2 L before HDMTX infusion are often used.

P Uptodate: most protocols recommend at least 2.5 to 3.5 L/m2/day (~¥5000 ml/day if 1.73/m?2) of
intravenous fluid hydration, starting 4 to 12 hours prior to the initiation of the MTX infusion.

* Urinary alkalization (target pH > 7) before starting methotrexate infusions
» Urine pH of 6.5: sodium bicarbonate at a dose of 12.5 mEg/m?2 (~22 mEq if 1.73/m?2)
» Urine pH <6.5: a dose of 25 mEq/m?2(~43 mEq if 1.73/m?2)

P Uptodate: IV D5W with 100 to 150 mEq of sodium bicarbonate per liter, administered by continuous
infusion at 125 to 150 ml/hour

» In patients with serum alkalosis and inadequate urinealkalinization, the carbonic anhydrase inhibitor
acetazolamide (250-500 mg p.o. four times daily) may be added

1. Oncologist. 2006;11(6):694-703.
2. Oncologist. 2016;21(12):1471-1482. 8
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« MAARE HEIFRIGETTSE Emethotrexate’a & - TRZ IR P MR{ERERVISRE -

- ERRER{CEST WHGAZEFIB R AREZER Kb B 1R

. B b & @ methotrexate TRZRFEFRER -

> [E]E 45 F 7K 73 1500-2000 ml & fE Fsodium bicarbonate 49.8-66.8 mEq/dayB& LR /& -

7R P52 [T 7% g Je8 A} A 130 I £ B B R 7 1 e 18 A 5 e RO R B B RY

» B20185 0 HMREBBIEMERESRANE - THES

Admission

Liver function
Renal function
CBC/DC

Check urine pH

HDMTX Check serum methotrexate

contained concentration daily
regimen

Sodium bicarbonate 49.8 mEq/day + 0.9% NaCl 1500 ml/day

- Leucovorin rescue

Avoid piperacillin —tazobactam, amoxicillin-clavulanate,
ampicillin—sulbactam, sulfamethoxazole-trimethoprim and

proton-pump inhibitor

Methotrexate serum
concentration<0.05 uM

A: BA2
u ~ oM /

| PR R BE B -
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1. 20179E05H01H £2019F12H31H(2018/09R112 161E H) » i HEARB AL D
TR RE B AL R 7 5 Ak Eal ) BY & I 2 methotrexate (= 500 mg/m?2)

HERR 514 -
1. /N\R2075%
2. APt EERIAENT
3. fiRZmethotrexateZa 2212 [,

Bl
Xt

2018 & 9 HIERETTsLAE Al ~ 2 -
DRIAA 117 i1 ~ 73 fufEF HDMTX 7B A -
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BRI EBIEERAZEBH (cycle) AL FEE ¢

a. EAXER : MRl - Fit - BXREE - BEE - - HENEE - IEEHER - EIEE - BEIE
a0~ K BE - MRS - BEOK - B8NS

b. #mER : methotrexate Bl= « (EERE T4 M HER - gRE@EWﬁHE— :
methotrexate & 5 25 N E ST ~ sodium blcarbonate K leucovorin Bl = ~ #8/K=E - 2&1ER

acetazolamide

c. RK@RDHER
d. HDMTX BIfEF : AKI ~ B 8eH®l ~ OMERIES - =%

e. ERERRIMIERIETER

REFRA%EM : BEREEERBMEm

NSAIDs (Aspirin, Celecoxib, Acemetacin, Diclofenac Sodium, Etoricoxib, Ibuprofen, Contrast Media * aminoglycoside(Amikacin sulfate,
Indomethacin, Ketorolac Tromethamine, Meloxicam, Naproxen, Tenoxicam, Lysine Gentamicin Sulfate) * Colistin ~ Amphotericin B *
Acetylsalicylate), penicillin-type antibiotics (Piperacillin Sodium and Tazobactam Sodium, vancomycin ~ cisplatin

Amoxicillin and Clavulanate Potassium, Amoxicillin Trihydrate, Ampicillin Sodium, Ampicillin
Sodium and Sulbactam Sodium, Dicloxacillin Sodium, Oxacillin Sodium), PPI
(Dexlansoprazole, Esomeprazole Magnesium, Esomeprazole Sodium, Lansoprazole,
Pantoprazole Sodium, Rabeprazole Sodium), trimethoprim-sulfamethoxazole, phenytoin,
ciprofloxacin, probenecid, amiodarone, gemfibrozil, levetiracetam

13
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1. WA DAE:

» Before: 201808 B LRI {E [

» After: 2018098 £2019F 12 B HEAEF [

2. DMTIER
» MAABBNERERERERHEEESE
» M#HEurine pHIE AR R EZER R (pH>7) G HEEEER

3. BIIBEE R EZ ' EIENational Cancer Institute Common Terminology
Criteria for Adverse Events (CTCAE) v5.073 4R

CTCAE v5.0 | Serum creatinine (SCr) increased Acute kidney injury

1N
T30
N
W
\
Vi
[e]

Grade 1 > 1.0-1.5 x upper limit of normal (ULN)
Grade 2 >1.5 - 3.0 x baseline; >1.5 - 3.0 x ULN
Grade 3 >3.0 x baseline; >3.0 - 6.0 x ULN Hospitalization indicated

Grade 4 >6.0 x ULN Life-threatening consequences; dialysis indicated

Grade 5 - Death 14
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CTCAE v5.0 | Serum creatinine (SCr) increased Acute kidney injury
Grade 1 > 1.0-1.5 x upper limit of normal (ULN
1. mADH N o
. m Grade2 | >1.5-3.0xbaseline; >1.5-3.0 x ULN -
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EX ok r=h Grade 4 >6.0 x ULN Life-threatening consequences;
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dialysis indicated

Grade 5 - Death
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Patient characteristic
N mean*SD  Before2018/08/31 (N=117)  After2018/09/01 (N=73)  pvalue

nvL.\ Fl-l- 90 ﬁi

Male 65 (55.6%) 41 (56.2%) 0.93
Age (year) 52.8+17.9 53.2+16.9 0.88
Methotrexate dose (mg/m®) 3.511 £2.423 2.987 +2.175 0.13
> 6,000 mg/m’ 24 (20.51%) 11 (15.07%) 0.63
3,000-5,999 mg/m’ 29 (24.79%) 20 (27.4%)
500-2,999 mg/m’ 64 (54.7%) 42 (57.53%)
Regimen
HDMTX 47 (40.2%) 23 (31.5%) 0.22
Bloc MTX 22 (18.8%) 15 (20.5%) 0.76
BOMES 21 (17.9%) 17 (23.3%) 0.37
SMILE 12 (10.3%) 4 (5.5%) 0.24
HyperCVAD course B 11 (9.4%) 14 (19.2%) 0.05
Indication
Lymphoma 79 (67.5%) 47 (64.4%) 0.65
Acute lymphoblastic leukemia 35 (29.9%) 24 (32.9%) 0.66

17
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EHERERIRRIZATE-

Patient characteristic

BSA (1/m°)
eGFR (mL/min/1.73m’)
ALT (U/L)
T-bil (mg/dL)
Albumin (g/dL)
Comorbidity
Hypertension
Diabetes mellitus
Heart failure
Chronic kidney disease
stage 2
stage 3
stage 4
Coronary artery disease

Down syndrome

1.77 + 1.81
122.4 + 54.32
53.15 + 127.5
0.76 + 0.82 (ND: 13)
3.69 + 0.67 (ND: 9)
51 (43.59%)
28 (23.9%)
11 (9.4%)
0 (0%)

v 22 (18.8%)
9 (7.69%)
1 (0.85%)
2 (1.7%)
0

1.59 + 0.20 0.38
131.8 +43.04 0.20
30.71 +22.72 0.13

0.61 + 0.45 (ND: 8) 0.90
3.70 + 0.58 (ND: 8) 0.93

20 (27.40%) 0.024
10 (13.7%) 0.14
7 (9.6%) 0.96
3 (4.1%) -

5 (6.85%) 0.014
1 (1.37%)
0
4 (5.5%) 0.14
0 -

18
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Patient characteristic
. N(%)mean*SD  Before2018/08/31 (N=117) Afier2018/09/01 (N=73) pvalue

Drug interaction 39 (33.3%) 24 (32.9%) 0.94
Proton pump inhibitor 14 (12.0%) 9 (12.3%) 0.94
Sulfamethoxazole-trimethoprim 29 (24.8%) 25 (34.2%) 0.15
Penicillin group 5(4.3%) 2 (2.7%) 0.58
Levetiracetam 5(4.3%) 2 (2.7%) 0.58
NSAID* 3 (2.6%) 3(4.1%) 0.55
Amiodarone 3 (2.6%) 5 (6.8%) 0.15

Combine with nephrotoxic medication
Angiotensin receptor blocker v 16 (13.7%) 1(1.4%) 0.003
Acyclovir 14 (12.0%) 7 (9.6%) 0.61
Teicoplanin V' 11 (9.4%) 3 (4.1%) 0.0002
Sulfamethoxazole-trimethoprim 29 (24.8%) 25 (34.2%) 0.15
Diuretic 48 (41.0%) 35 (47.9%) 0.34
Any of above 78 (66.7%) 51 (69.9%) 0.64
Exclude diuretic 30 (25.6%) 16 (21.9%) 0.56

aSix cases are all aspirin.
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EHERERIRRIZATE-

Patient characteristic
_ N(menSD  Before20180831 (N=117) After2018/09/01 N=73) pvalue _

Sodium bicarbonate dose (mg/m”’)

The first day 29.15 £ 9.33 29.59 £ 7.10 0.55

Maximum 34.19 £ 13.21 33.69 +1.28 0.79
Leucovorin dose (mg/m”®)

The first day 255.6 £33.9 266.96 + 78.0 0.16

Maximum 281.9+73.2 283.9£99.7 0.87
Hydration (mL/m’/day) 1449 + 417 1369 + 286 0.15
Use acetazolamide 15 (12.8%) v 20 (27.4%) 0.005
Weight gain’ 58 (49.6%) (ND: 3) 43 (58.9%) (ND: 0) 0.20
Edema 18 (15.4%) 11 (15.1%) 0.95
Pleural effusion 13 (11.1%) (ND: 47) v 18 (24.7%) (ND: 27) 0.01
Ascites 18 (15.4%) (ND: 41) 7(9.6%) (ND: 31) 0.25
Diarrhea 36 (30.8%) 28 (38.4%) 0.28

b>1 kg in the first three days.

20
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urine pH#& I =

P<0.0001
68. 50%
P<0.0001
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30.80%
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- - . .
1stday 2nd day 3rd day 1-3 days

m Before m After
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urine pHZEZZ(pH> 7)1

urine pH>7
P<0.0001

21.90%

P=0.03

16.40%

6.80%

6.80% 6.80%

1stday 2nd day 3rd day

1.70%

m Before m After

After

Before

Baseline pH

- 6.59

m Before m After
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FERERIRRZ2E
ERFETE - ERARBEREZEZFRTHEER

In-hospital mortality 7(5.98%) 2(2.74%) 0.30
Days in hospital (day) 32+£135 30422 0.68
Time to methotrexate < 0.05 (hr) 151 £ 146 127 £ 116 0.29

FHMREREEAETZE - ERIETRLFEERXHE JEEEMTREFFEMMAE HDMTX BHREREL -
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AKI or not - Patient characteristic

AEAKI BT a8z% 0.4 K (14~26K% - DRIEE42K) -
ST EEE F S EERTes 13 X (1 ~32 % - has 10 X) -

I

Male 17 (65.4%) 89 (54.7%) 0.28
Age (year) 56.7 £ 18.6 52.3+17.3 0.24
BSA (1/m?) 1.66 £0.15 1.7133 + 1.5395 0.86
eGFR (mL/min/1.73 m?) V101.5 + 44.02 129.9 £ 50.35 0.007
ALT (U/L) 70.3 +£233 40.4 £59.0 0.16
T-bil (mg/dL) 0.63 = 0.40 (ND: 2) 0.71 £ 0.74 (ND: 19) 0.60
Methotrexate dose (mg/m’) V4593 2367 3106 + 2276 0.002
Albumin (g/dL) 3.49 £0.72 (ND: 2) 3.73 £ 0.62 (ND: 15) 0.08

Intrathecal methotrexate 10 (38.5%) 36 (22.0%) 0.06



AKI or not - Patient characteristic

Comorbidity

Hypertension

Diabetes mellitus

Heart failure

Chronic kidney disease
stage 2
stage 3
stage 4

Coronary artery disease

Down syndrome

Drug interaction
Combine with nephrotoxic medication
NSAID*
Diuretic
Exclude diuretic
All

2Six cases are all aspirin.

17 (65.38%)
8 (30.8%)
5 (19.2%)
1 (3.8%)

V' 6(23.08%)
v 4(15.38%)
1 (3.85%)

v 3(11.5%)
0

7 (26.9%)

v 3(11.5%)
V19 (73.1%)
3 (11.5%)

22 (84.6%)

54 (32.93%)
30 (18.3%)
13 (7.9%)

2 (1.2%)

21 (12.80%)
6 (3.66%)
0
3 (1.8%)
0

56 (34.1%)

3 (1.8%)
64 (39.0%)
43 (26.2%)

107 (65.2%)

0.0015
0.13
0.06
0.31

0.0013

0.008

0.46

0.008
0.001
0.10
0.04

HFRESMZEnAS
a‘nu%umm@ - oJgEE R 7K@
SRR -

[0k
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AKI or not B
#8422 urine pHL1‘—>7<(pH>7),'E,%El ==

++_

AKI AB4a 2R FR @ pHIBE 7 5T 28 Z B (K
T NChmemsSD  AKIN-20  NewAKI-16)  puae

Urine analysis rate
The first day 4 (15.4%) 41 (25.0%) 0.28
The second day v 9(34.6%) 30 (18.3%) 0.05
The third day 6 (23.1%) 22 (13.4%) 0.20
The first three days 16 (61.5%) 72 (43.9%) 0.09
Urine pH > 7.0
The first day 2 (7.7%) (ND: 22) 18 (11.0%) (ND: 123) 0.61
The second day 0 (0%) (ND: 17) 18 (11.0%) (ND: 134) 0.07
The third day 3 (11.5%) (ND: 20) 10 (6.1%) (ND: 142) 0.30
Baseline urine pH 6.04+0.58 (ND: 19)  v/6.56 +0.81 (ND: 102) 0.03

ND: no data.



AKI or n_gt 3
BICRREREEZ D
T NOomemssD  AKION-2) NewAKINSI6h  puae

Sodium bicarbonate dose (mg/m’)

The first day 29.58 +11.24 29.28 + 8.05 0.89

Maximum 48.13 +£21.55 31.75 £9.69 <0.0001
Leucovorin dose (mg/m®)

The first day 260 £79 259.87 £ 51 0.95

Maximum dose 384.4+125.4 266.6 + 62.3 <0.0001
Use acetazolamide V' 14 (53.8%) 21 (12.8%) <0.0001
Hydration (mL/m*/day) 1470 + 378 1410 + 373 0.44
Weight gain” V' 20(76.9%) (ND: 1) 81 (49.4%) (ND: 2) 0.008
Edema v 11 (42.3%) 18 (11.1%) 0.00003
Third space 3 (11.5%) (ND: 14) 42 (25.6%) (ND: 70) 0.194

Pleural effusion 2 (7.7%) (ND: 14) 29 (17.7%) (ND: 60) 0.20

Ascites 1 (3.8%) (ND: 14) 24 (14.6%) (ND: 58) 0.13

Diarrhea 11 (42.3%) 53 (32.3%) 0.31



Logistic regression - AKI risk factor

' Baseline urine pH 0.419 0.180-0.971 0.04 0.213 0.062-0.735 0.01
v/ Edema 5.948 2.372-14.915 0.0001 9.169 1.162-72.357 0.03
Use acetazolamide 7.945 3.240-19.479 < 0.0001 4.804 0.836-27.595 0.07
v/ Methotrexate dose (mg/m’) 1.269 1.080-1.492 0.003 1.689 1.046-2.729 0.03
Chronic kidney disease 2. 712 1.519-4.844 0.0007 532 0.228-10.580 0.65
Coronary artery disease 7.000 1.332-36.774 0.02 6.006 <0.001 0.87
>999.9
/ Combine with any nephrotoxic medication ~ 3.009 0.989-9.152 0.05 67.739 <1.728 0.02
=999.9
Albumin 0.560 0.290-1.083 0.08 0.855 0.188-3.881 0.83
Age 1.015 0.990-1.040 0.24
Male 0.628 0.265-1.491 0.29
BSA 0.968 0.669-1.401 0.86
Third space 0.413 0.105-1.622 0.20
Drug interaction 0.665 0.288-1.535 0.33
T-bil 0.810 0.362-1.810 0.60

OR: odds ratio; CI: confidence interval; BSA: body surface area; T-bil: total bilirubin.
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Next step: Empirical acetazolamide for who had low baseline urine pH
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