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Abstract

High-dose methotrexate (HD-MTX) therapy is widely used in patients with acute lymphoblastic leukemia (ALL) and lym-
phoma. However, some patients experience delayed MTX elimination, which requires treatment suspension or dose reduction
to avoid organ damage. This single-center retrospective analysis reviewed the clinical data of 88 children with ALL or non-
Hodgkin lymphoma who received a total of 269 courses of HD-MTX therapy between April 2008 and April 2019. HD-MTX
was defined as MTX administration at 2.0, 3.0, or 5.0 g/m2 over a 24-h period, and delayed MTX elimination was defined as a
serum MTX concentration > 1.0 umol/L at 48 h after the start of HD-MTX. Clinical factors were compared between courses
with and without delayed MTX elimination. MTX elimination was delayed in 21 of the 269 courses (7.8%). Multivariate
analysis showed that first HD-MTX course (OR 4.04), lower urine volume per BSA on the first day of HD-MTX adminis-
tration (< 2,675 mL/m2, OR 5.10), higher total bilirubin (> 0.5 mg/dL, OR 5.11), lower eGFR (< 136 mL/min/1.73 m?, OR
3.90), higher dose of MTX(>3.0 g/m? OR 10.8), and lower urine volume per BSA on the next day of starting HD-MTX

(<2,107 mL/m?, OR 3.43) were independent risk factors for delayed MTX elimination.
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Introduction

Methotrexate (MTX) is widely used in the treatment of
patients with acute lymphoblastic leukemia (ALL) or non-
Hodgkin lymphoma (NHL). High-dose MTX (HD-MTX)
therapy has therapeutic effects on the whole body, includ-
ing the central nerve system (CNS) and testes, and is thus
used in the phase of intensification therapy for ALL and
the phase of CNS prophylaxis for NHL. However, this
therapy sometimes induces critical organ damage, includ-
ing the kidney, liver, and skin possibly due to delayed MTX
elimination. As prophylactic measures, patients may receive
intravenous hydration, alkalization of urine, and cessation
of drugs known to interact with MTX [1]. However, despite
these steps, delayed MTX elimination sometimes appears
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unexpectedly and can require dose reduction or treatment
cessation to avoid severe organ damage. The present study
was undertaken as a retrospective analysis of risk factors for
delayed MTX elimination.

Materials and methods

We analyzed data from 108 pediatric patients (68 males, 40
females) with ALL or NHL who received HD-MTX therapy
at Sapporo Hokuyu Hospital between April 2008 and April
2019. HD-MTX was defined as an MTX dosage of 2.0, 3.0,
or 5.0 g/m? administered during a 24-h period. Delayed
MTX elimination was defined as a serum MTX concentra-
tion > 1.0 pmol/L at 48 h after starting administration as
described by Petez et al. [2]. We excluded patients who had
been administered MTX at other doses or over other dura-
tions. A final total of 88 patients (50 males, 38 females)
with 269 courses of HD-MTX were analyzed. The median
age of patients at HD-MTX administration was 8.1 years
(range 0.6-24.1 years). Seventy-eight patients had ALL


http://orcid.org/0000-0002-6886-2630
http://crossmark.crossref.org/dialog/?doi=10.1007/s12185-020-03071-w&domain=pdf

Risk factors for delayed elimination of high-dose methotrexate in childhood acute lymphoblastic... 745

(B-precursor ALL, n=64; T-cell ALL (T-ALL), n=13;
mature B-cell ALL (B-ALL), n=1). One of the 13 cases
of T-ALL was a recurrence T-ALL. Ten patients had NHL
(T-cell lymphoblastic lymphoma (T-LBL), n=5; B-cell LBL
(B-LBL), n=2; diffuse large B-cell lymphoma (DLBCL),
n=2; Burkitt lymphoma, n=1). HD-MTX was administered
once in 2 patients, twice in 35 patients, thrice in 7 patients,
and four times in 44 patients.

For each patient, we analyzed background characteris-
tics (sex, age, body mass index (BMI), disease category),
number of HD-MTX courses, doses of HD-MTX, com-
bined use of 6-mercaptopurine (6-MP), combined use of
triple intrathecal therapy (TIT), whether change in speed
during 24-h administration or not (yes: administer 10% of
the total dose in the first 30 min, or no: constant speed), fluid
volumes on the day of HD-MTX administration and the fol-
lowing day, urine volumes on the day of HD-MTX admin-
istration and the following day, and data from blood testing
before HD-MTX administration. Renal function before HD-
MTX was expressed as estimated glomerular filtration rate
(eGFR) as calculated from the equation reported for adults
(> 20 years old) by Matsuo et al. [3], and the equation for
children and adolescents (2-19 years old) by Uemura et al.
[4]. We administered MTX through one lumen of a peripher-
ally inserted central double-lumen catheter and drew blood
samples to measure MTX concentrations from the other
lumen. Measurements of serum MTX concentrations were
performed by enzyme immunoassay. Data were analyzed as
of June 2019. This study was approved by the institutional
review board committee of Sapporo Hokuyu Hospital.

HD-MTX treatment

In our hospital, HD-MTX was administered by continu-
ous drip infusion started at 10:00 am and continuing
until 10:00 am the next day, together with intravenous
hydration at a rate > 3,000 mL/m?*day with 4.3% glucose
and NaHCO; 32 mEq/L, initiated 12 h before starting
HD-MTX administration and maintained for 48 h after
starting the HD-MTX administration. We prescribed
acetazolamide every 12 h during HD-MTX. Trimetho-
prim—sulfamethoxazole was discontinued 1 week before
starting HD-MTX. Protocols prohibited other drugs that
affect elimination of MTX, such as NSIADs and antibiot-
ics. Urine pH was checked every 8 h with urine test paper.
If the urine pH was < 7.0, NaHCOj solution (32 mEq/L,
20 mL) was administered. We performed leucovorin (LV)
rescue (15 mg/mz) three times, at 42, 48, and 54 h after
starting HD-MTX administration. We surveyed serum
MTX concentration at 24 and 42 h after starting HD-MTX.
If serum MTX concentration is exceeding 150 pmol/L at
24 h, we provide additional LV at 36 h. If serum MTX
concentration is exceeding 1.0 umol/L at 42 h, we provide

additional leucovorin (LV) rescue (15 mg/mz) at 48 h.
Details of HD-MTX regimen (combined use of drugs, LV
rescue at 36 h, and change in speed during 24 h admin-
istration) within 48 h after starting HD-MTX are shown
in Table 1.

Statistical analyses

We compared a number of analyzed factors between
courses with delayed MTX elimination (> 1.0 umol/L at
48 h after the start of MTX administration) and without
delayed MTX elimination (< 1.0 umol/L) to explore fac-
tors related to delayed MTX elimination, using Fisher’s
exact test and the Mann—Whitney U test. Receiver oper-
ating characteristic analyses and multivariate stepwise
regression were performed on factors showing signifi-
cance on univariate analyses (p <0.1) to explore independ-
ent risk factors. Changes in serum MTX concentration at
48 h after starting administration in each patient during
HD-MTX courses were analyzed using the Freidman test.
Differences in MTX concentration among courses were
analyzed using the Wilcoxson signed rank test (p-value
adjustment method: Holm). Values of p < (0.05 were con-
sidered to be statistically significant. Statistical analyses
were performed using EZR ver 1.37 on R commander pro-
gramed by Y. Kanda [5].

Table 1 Detail of HD-MTX regimen within 48 hours after starting
HD-MTX

2 g/m? 3 g/m? 5 g/m?

Number of courses 116 73 80
(Delayed courses) (€)) @) (13)
Change in speed” 0/116 21/52 5175
yes/no 0)/(1) (3)/(4) @)/(11)
LV rescue at 36 h*™* 0/116 19/54 5/75
yes/no 0)/(1) (3)/(4) /(1)
Combined use of 6MP™" 1172 11/62 72/8
yes/no (1)/(0) (1)/(6) (13)/(0)
Combined use of TIT** 116/0 64/9 7812
yes/no (1)/(0) 5)(2) (13)/(0)
Combined use of VCR™™ 3/113 1/72 9/71
yes/no 0)/(1) O)(7) (3)/(10)

“Change in speed during 24-h administration or not (yes: administer
10% of the total dose in the first 30 min, or no: constant speed)

“*Leucovorin rescue (15 mg/mz) at36 h

sopok

Combined use of 6-mercaptopurine (25 mg/m?/day)

skt

‘Combined use of triple intrathecal therapy (medical compound of
methotrexate, cytarabine, and prednisolone. These doses were modi-
fied by patient’s age)

stk

“Combined use of vincristine (1.5 mg/m?, max 2.0 mg)
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Results

Figure 1 depicts the transition of serum MTX concentra-
tions at 48 h after starting administration of HD-MTX in
each patient from the first course through to the fourth
course. In the total of 269 HD-MTX courses, serum
MTX concentration at 48 h after starting administration
ranged from 0.07 to 39.8 umol/L (median 0.35 pmol/L).
Delayed MTX elimination (> 1.0 umol/L at 48 h after
the start of MTX administration) was observed in 21 of
the 269 courses (7.8%) and 16 of the 88 patients (18%).
Among the HD-MTX courses, delayed MTX elimination
was observed in 9 of 88 patients (10%) with the only first
course, in 4 of 88 patients (4.5%) with subsequent (sec-
ond through fourth) course, and in 3 of 88 patients (3.4%)
with first and subsequent courses. We compared the fre-
quency of delayed MTX elimination between first course
and subsequent courses, and there are significant differ-
ence (12 of the 88 (13.6%) in first course vs 9 of the 181
(4.9%) in subsequent courses, p=0.026). Analysis showed
that serum MTX concentrations in each patient differed

Fig.1 Transition of serum

significantly among HD-MTX courses (p <0.01). Signifi-
cant differences were identified between first and fourth
courses (p =0.018), but not between other courses (1st
vs 2nd p=0.44; 1st vs 3rd p=0.14; 2nd vs 3rd p =0.56;
2nd vs 4th, p=0.56; 3rd vs 4th, p=0.82). Only 1 patient,
in whom serum MTX was 39.8 umol/L at 48 h after start-
ing administration, suffered from renal dysfunction that
needed dialysis and plasma adsorption. The HD-MTX
dose in that patient was reduced from 5.0 g/m? to 2.0 g/m?
and no complications were noted subsequently. Another
case that happened delayed MTX elimination at first and
second courses suffered from severe oral mucositis and
bone marrow suppression, and the HD-MTX doses at third
and fourth courses in that patient were reduced from 5.0 g/
m? to 3.0 g/m? and no complications were noted subse-
quently. The other cases suffered from delayed MTX elimi-
nation were not reduced doses of subsequent HD-MTX.
We then evaluated potential risk factors for delayed
MTX elimination. Univariate analysis extracted the fol-
lowing variables as risk factors for delayed MTX elimi-
nation (Table 2): NHL (6 of the 21 (28.5%) with delayed
MTX elimination vs 24 of the 248 (9.6%) without delayed

p=0.018

MTX concentration for each
patient during the course of
HD-MTX administration.
Differences in serum MTX
concentrations among HD- 40 \
MTX courses were assessed

using the Freidman test

|~

(»<0.01). The Wilcoxon signed
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between first and fourth courses
(p=0.018), but not between \
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X
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Table 2 Comparison of following variables between courses with delayed MTX elimination and those without it

Group of courses without
delayed (n=248)

Group of courses with p
delayed (n=21)

Sex (M/F) 1407108 13/8 0.65
Disease (ALL/NHL) 224/24 15/6 0.022
Combine use of 6MP (yes/no) 182/66 6/15 0.80
Change in speed (yes/no) 21/227 5/16 0.039
Combine use of TIT (yes/no) 239/9 192 0.20
Median (range)
Age (year) 7.0 (0.68-24) 12 (1.1-17) <0.01
BMI (kg/m?) 16 (13-27) 16 (14-20) 0.86
Dose (g/m?) 3.0 (2.0-5.0) 5.0 (2.0-5.0) <0.01
No. of courses 2 (14) 1 (1-4) <0.01
TP (g/dL) 6.0 (4.2-7.5) 6.1 (5.1-6.9) 0.72
T-Bil (mg/dL) 0.4 0.2-1.5) 0.5 (0.3-1.4) <0.01
AST (U/L) 27 (13-217) 36 (12-82) 0.21
ALT (U/L) 22 (6-291) 32 (5-160) 0.22
LDH (U/L) 232 (139-709) 229 (152-345) 0.35
BUN (mg/dL) 6.0 (0.2-19.7) 5.0 (2.5-49) 0.26
eGFR (mL/min/1.73 m?) 144 (65-266) 130 (69-200) 0.094
Fluid, ,,/m*(mL/m?) 3387 (2,284-6,320) 3,175 (1,858-3,875) 0.021
Fluid, . /m*(mL/m?) 3281 (1,626-6,830) 3,347 (2,463-5,114) 0.81
UV, 4, /m? (mL/m?) 3,151 (1,861-7,383) 2,613 (1,789-3,871) <0.01
UV, o /m* (mL/m?) 2,648 (1,113-6,504) 2,369 (1,145-4,049) <0.01

MTX methotrexate, ALL acute lymphoblastic leukemia, NHL non-Hodgkin lymphoma, 6-MP 6-mercaptopurine, HD-MTX high-dose methotrex-
ate, TIT triple intrathecal therapy, BMI body mass index, TP total protein, 7-Bil total bilirubin, AST aspartate aminotransferase, ALT alanine

aminotransferase, LDH lactate dehydrogenase, BUN blood urea nitrogen, eGFR estimated glomerular filtration rate, Fluid,
fluid volume on the next day of HD-MTX, UV,

administration day of HD-MTX, Fluid,

next

UV, urine volume on the next day of HD-MTX

MTX elimination, p =0.022); change in speed (5 of the 21
(23.8%) with delayed MTX elimination vs 21 of the 248
(8.4%) without delayed MTX elimination, p=0.039); older
age (median age 12.0 years with delayed MTX elimination
vs 7.0 years without delayed MTX elimination, p < 0.01);
higher dose of MTX (median dose, 5.0 g/m* with delayed
MTX elimination vs 3.0 g/m” without delayed MTX elimi-
nation, p <0.01); first HD-MTX course (median number of
courses, first time with delayed MTX elimination vs second
time without delayed MTX elimination, p <0.01); higher
total bilirubin (median 0.5 mg/dL with delayed MTX elimi-
nation vs 0.4 mg/dL without delayed MTX elimination,
p<0.01); lower eGFR (median, 130 mL/min/1.73 m? with
delayed MTX elimination vs 144 mL/min/1.73 m? without
delayed MTX elimination, p =0.09), lower fluid volume per
body surface area (BSA) on the day of starting HD-MTX
administration (median volume 3,175 mL/m? with delayed
MTX elimination vs 3,387 mL/m? without delayed MTX
elimination, p=0.021); lower urine volume per BSA on the
day of starting HD-MTX administration (median 2,613 mL/
m? with delayed MTX elimination vs 3,151 mL/m? without
delayed MTX elimination, p <0.01) and on the next day of

ami fluid volume on

.mi Urine volume on administration day of HD-MTX,

starting HD-MTX (median, 2,369 mL/m? with delayed MTX
elimination vs 2,648 mL/m? without delayed MTX elimina-
tion, p<0.01).

Multivariate analyses were performed on these variables
to identify independent risk factors. First HD-MTX course
(OR 4.04, p=0.0014), lower urine volume per BSA on the
day of starting HD-MTX administration (<2,675 mL/m?,
OR 5.10, p=0.0054), higher total bilirubin (> 0.5 mg/dL,
OR 5.11, p=0.0081), lower eGFR (< 136 mL/min/1.73 m?,
OR 3.90, p=0.02), higher dose of MTX(> 3.0 g/mz, OR
10.8, p=0.024), and lower urine volume per BSA on the
next day of starting HD-MTX (< 2,107 mL/m?, OR 3.43,
p=0.043) were identified as independent risk factors
(Table 3). We showed the number of courses and the pro-
portion of courses with delayed MTX elimination about
each independent risk factors; first HD-MTX courses were
88 (12/88, 13.6%) vs subsequent courses were 181 (9/181,
4.9%); the courses that urine volume per BSA on the day
of starting HD-MTX administration was < 2,675 mL/m?
were 68 (13/68, 19.1%) vs the courses that urine volume
per BSA on the day of starting HD-MTX administration
was > 2,675 mL/m? were 201 (8/201, 3.9%); the courses that
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Table 3 Multivariate analysis of risk factors for delayed MTX elimi-
nation

OR 95% CI p

No. of courses (1st) 4.04 1.31-12.4 0.0014
UV, /m?* (<2,675 mL/m?) 510  1.61-16.0  0.0054
T-Bil (>0.5 mg/dL) 511 1.53-17.1  0.0081
eGFR (< 136 mL/min/1.73 m?) 3.90 1.23-124  0.020
Dose (> 3.0 g/m?) 108  1.36-858  0.024
UV, /m* (<2,107 mL/m?) 343 1.03-11.3 0.043
Age (>10.2y) 178  0.53-595 035
Constant speed of HD-MTX 1.86  0.46-7.46 0.37
Fluid,g,,/m?*(< 3,189 mL/m?) 1.66  0.46-5.94  0.43
Disease (NHL) 125 046-576  0.80

MTX methotrexate, OR odds ratio, CI confidence interval, HD-MTX
high-dose methotrexate, NHL non-Hodgkin lymphoma, 7-Bil total
bilirubin, eGFR estimated glomerular filtration rate, Fluid, fluid

admi

volume on administration day of HD-MTX, Fluid,,,, fluid volume on

the next day of HD-MTX, UV,,,,; urine volume on administration day
of high-dose methotrexate, UV,,,, urine volume on the next day of
high-dose methotrexate

total bilirubin was < 0.5 mg/dL were 167 (7/167, 4.1%) vs
the courses that total bilirubin was > 0.5 mg/dL were 102
(14/102, 13.7%); the courses that eGFR was > 136 mL/
min/1.73 m? were 165 (8/165, 4.8%) vs the courses that
eGFR was < 136 mL/min/1.73 m? were 104 (13/104,
12.5%); the courses that dose of MTX was 2.0 g/m” were
116 (1/116, 0.8%) vs the courses that dose of MTX was
3.0 g/m2 were 73 (7/73, 9.5%) vs the courses that dose of
MTX was 5.0 g/m2 were 80 (13/80, 16.2%); the courses that
urine volume per BSA on the next day of starting HD-MTX
was > 2,107 mL/m? were 225 (12/225, 5.3%) vs the courses
that urine volume per BSA on the next day of starting HD-
MTX was < 2,107 mL/m? were 44(9/44, 20.4%).

Discussion

Although HD-MTX is accepted as an effective treatment
for leukemia and lymphoma, long-term exposure to high
concentrations of MTX sometimes induces lethal liver and
renal dysfunction. As a result, monitoring of serum MTX
concentration is very important, and clarification of risk fac-
tors for delayed MTX elimination before treatment would
be clinically useful. Moreover, HD-MTX is usually used in
a repetitive fashion over the course of chemotherapy, and
patients who develop delayed MTX elimination would thus
require modifications to subsequent doses of HD-MTX. In
this context, we retrospectively analyzed risk factors for
delayed MTX elimination.

Well-known risk factors for delayed MTX elimination
include dehydration, acid urine, renal dysfunction, drugs that
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impair MTX clearance, and extravascular fluid collections
including ascites, pleural effusions, and intracranial fluid [1,
6—13]. The present study revealed first HD-MTX course,
lower urine volume per BSA on the day and the next day
of starting HD-MTX, high dose of HD-MTX, higher total
bilirubin, and lower eGFR as risk factors for delayed MTX
elimination.

Lower urine volume per BSA on the day and the next
day of starting HD-MTX are unsurprising risk factors for
delayed MTX elimination, because almost 90% of MTX is
excreted from the kidneys [14]. Previous studies have shown
that creatinine clearance (CrCL) is related to delayed MTX
elimination [15, 16], but another study found no such rela-
tionship [17]. Our investigation showed that eGFR, which
correlates approximately with CrCL [3, 4], was related to
delayed MTX elimination. Unfortunately, the amount of
urine creatinine data is insufficient and we could not dis-
cuss about CrCL and 24 h CrCL. Our protocols recom-
mend infusing intravenous fluids at> 3,000 mL/m?/day (to
a maximum of 4,500 mL/m?/day) and maintaining a bal-
ance under +400 mL/m*/12 hours. Relatively few studies
have provided suggestions on the urine volume necessary
to minimize the risk of delayed MTX elimination. Lower
urine volume per BSA on the next day of starting HD-MTX
might be not useful to predict and prevent delayed MTX
elimination at 48 h. However, if urine volume per BSA on
the day of starting HD-MTX is insufficient, we could change
fluid volume and dose of acetazolamide and so on to prevent
delayed MTX elimination.

We identified higher dose of HD-MTX as a risk factor
for delayed MTX elimination, consistent with the previous
reports [12, 18]. The cutoff level of >3.0 g/m? was also con-
sistent with results from one of those studies [18]. In the
present study, administration of the first course of HD-MTX
was extracted as a significant risk factor for delayed MTX
elimination. This finding was unexpected, and reasons for
this are unclear. We did not change intentionally dose of
HD-MTX except for two cases as mentioned above, and we
did not change dose and number of LV from protocol in all
cases. Among 9 patients who suffered from delayed MTX
elimination at only first course, fluid volume per BSA did not
change between first course and subsequent courses (median
volume 3,455 mL/m? with at first course vs 3,631 mL/m? at
subsequent courses, p=0.20). We did not change intention-
ally fluid volume or dose of acetazolamide, so there are no
pretreatment factors that correlate with urine volume the
day after administration. One possible explanation might
be low plasma folate concentrations before starting HD-
MTX due to insufficient folate dosage as pretreatment. In
fact, plasma folate concentrations before administration of
HD-MTX have been reported to be lower than those after
administering HD-MTX [19, 20]. In one case report, severe
encephalopathy was described in association with the first
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but not the second course of HD-MTX, with plasma folate
concentrations low before the first course, but tenfold higher
before the second course [21]. Low folate concentrations
before treatment may induce delayed MTX elimination lead-
ing to organ damage, especially under conditions of renal
dysfunction, although some reports have described folate
status before HD-MTX treatment as unrelated to acute tox-
icity [19, 20]. More research into the relationship between
pretreatment folate concentrations and delayed MTX elimi-
nation is thus needed.

One previous study showed no significant correlations
between MTX concentrations at 48 h after starting MTX
administration in the first and second HD-MTX courses in
each patient [22], while our study showed first HD-MTX
course as a risk factor for delayed MTX elimination. There-
fore, delayed MTX elimination occurring with the first
course does not mean this event will occur with subsequent
courses.

Higher total bilirubin was also extracted as a risk factor
for delayed MTX elimination in our study. So far, no reports
appear to have discussed the relationship between delayed
MTX elimination and higher total bilirubin. Most serum
MTX is eliminated from kidneys, with a small proportion
excreted unchanged into the bile and entering the entero-
hepatic circulation. Biliary excretion of MTX has not been
considered clinically important [23], but may be involved
in delayed MTX elimination when a patient who received
HD-MTX therapy shows severe disorder of bilirubin excre-
tion. We revealed that median total bilirubin are 0.5 mg/
dL with delayed MTX elimination and 0.4 mg/dL without
delayed MTX elimination, but the difference of total biliru-
bin between 0.4 and 0.5 is not clinically significant. There-
fore, we additionally analyzed with Fisher’s exact test about
whether total bilirubin exceeding standard value by age
[24] is the risk of delayed MTX elimination or not. There
are three cases that total bilirubin exceeded standard value
by age, and one of the three cases suffered from delayed
MTX elimination. We analyzed that total bilirubin exceed-
ing standard value by age is not significant risk factor for
delayed MTX elimination (1 of the 21 (5.0%) with delayed
MTX elimination vs 2 of the 248 (0.8%) without delayed
MTX elimination, p=0.217). However, the number of cases
that total bilirubin exceeded standard value by age might be
insufficient statistically, and more research is needed. Similar
to MTX, 6-MP is a drug affecting nucleic acid metabolism.
This agent is sometimes used during HD-MTX therapy. The
combination of 6-MP and MTX causes increases in 6-MP
concentration [25], but few studies have evaluated whether
6-MP represent a risk factor for delayed MTX elimination
during HD-MTX. In the present study, combined use of
6-MP was not extracted as a risk factor relating to delayed
MTX elimination even in univariate analysis. Drugs that
impair MTX clearance are trimethoprim—sulfamethoxazole,

NSAIDs, penicillin, amphotericin, aminoglycosides, proton-
pump inhibitors (PPI), and so on [7, 8, 13]. Our protocols
warn against combine use of these drugs with MTX during
HD-MTX, and no patients were used. Urine pH is the impor-
tant factor of MTX elimination, and target pH is more than
7 [1, 26]. Urine pH was checked every 8 h with urine test
paper in our hospital, but there are some missed data. There-
fore, these data are not reliable to analyze, and we could
not include urine pH among analyzing factors. However, all
urine pH except for one time was more than 7. In that case,
subsequent urine pH was above 8 and elimination of HD-
MTX was not delayed. Therefore, we considered that urine
pH may not affect the result of this research. Some reports
showed that single nucleotide polymorphism (SNP), such as
SLCOI1BI, affected delayed MTX elimination, but we did
not checked SNP in this research [27].

Conclusion

This study disclosed first HD-MTX course, lower urine vol-
ume per BSA on the day and the next day of starting HD-
MTX, high dose of HD-MTX, higher total bilirubin, and
lower eGFR as independent risk factors for delayed MTX
elimination. The real significance of some of these factors in
the delayed elimination of MTX was not properly explained
in the present study. More precise analyses seem necessary
in the future.
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