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Statistical Analysis of Relation Between Plasma Methotrexate Concentration and
Toxicity in High-Dose Methotrexate Therapy of Childhood NonHodgkin Lymphoma

Masahito Tsurusawa, mp,"* Masahiko Gosho, php," Tetsuya Mori, Mp,” Tetsuo Mitsui, mp,>
Shosuke Sunami, mp,* Ryoji Kobayashi, mp,* Reiji Fukano, mp,® Fumiko Tanaka, mp,” Naoto Fujita, mp,®
Hiroko Inada, mp,” Katsuyoshi Koh, mp,'® Tetsuya Takimoto, mp,"" Akiko Saito, mp, php,'?
Junichiro Fujimoto, mp,"" Atsuko Nakazawa, mp,"® Keizo Horibe, mp,"? and
for the lymphoma committee of the Japanese Pediatric Leukemia/lymphoma Study Group

Background. Plasma monitoring of Methotrexate (MTX) levels is a
standard approach to predict MTX-related toxicities in a high-dose
(HD) MTX monotherapy for childhood acute lymphoblastic leuke-
mia. However, it is uncertain whether plasma MTX levels can predict
MTX-related toxicity in the HDMTX plus additional chemotherapy
for childhood B-cell nonHodgkin lymphoma (B-NHL). Procedures.
To statistically analyze the relationship between MTX pharmacoki-
netic parameters and MTX-related toxicities, we collected data from
patients with delayed MTX elimination (>1 M at 48hr and/or
>0.5pM at 72 hr) in the Japanese Pediatric Leukemia/Lymphoma
Study Group (JPLSG) BNHL 03 study. Blood MTX levels were
measured at 24, 48, and 72hr after 3 or 5g/m? HD-MTX
administration for 24 hr. Results. Three hundred and four patients
received 2—4 courses of the HDMTX plus additional chemotherapy,

Key words: childhood; HDMTX;

and delayed MTX elimination was observed in 165 courses of 127
patients. In those, nephrotoxicity was significantly correlated with
plasma MTX levels for each patient (P=0.03), and also for each
course (P=0.009), but no other toxicities were correlated. Another
analysis according to HDMTX courses showed no significant
correlation between the first high plasma MTX levels and subsequent
MTX levels in later course. It also showed that incidence of liver and
gastrointestinal toxicities was most frequent in the first HDMTX
course, and then sharply decreased in later courses (P<0.001).
Conclusions. Our results suggest that plasma MTX level is not a
reliable predictor for adverse events except for nephrotoxicity in
multiple HDMTX therapy courses in childhood B-NHL. Pediatr
Blood Cancer 2015;62:279-284. ¢ 2014 Wiley Periodicals, Inc.

nonHodgkin lymphoma; toxicity

INTRODUCTION

In the past two decades, treatment outcome of childhood B-cell
nonHodgkin Lymphoma (B-NHL) has been greatly improved by
using a short intensive multiagent regimen including high-dose
methotrexate (HDMTX), intermediate-dose cyclophosphamide
(CPA) and anthracycline [1-4]. Since this treatment rationale is
based on rapid elimination of tumor cells with short cell cycle time
by subsequent administration of multiple anticancer agents,
imprudent prolongation of treatment intervals or dose reduction
according to drug toxicity may increase the risk of treatment
failure [5-8]. Therefore, the balance between efficacy and adverse
events is one of the major clinical challenge to achieve a high cure
rate of the disease. Among the multiple drugs, MTX-related toxicity
may possibly be predicted based on plasma MTX levels in
childhood acute lymphoblastic leukemia (ALL), because HDMTX
is used as monotherapy in intensification and maintenance
phases [9,10]. However, it might be difficult to predict what kinds
of toxicities are associated with plasma MTX levels in a HDMTX
plus additional chemotherapy for childhood BNHL, because CPA
and anthracycline which are concomitantly used with HDMTX,
also induce various toxicities similar to MTX toxicities. In addition,
it is unknown whether high plasma MTX level is associated to a
particular patient, in other words, the first high MTX level is likely
to repeat in later HDMTX courses in a particular patient.

In this study, to answer those clinical issues, we statistically
analyzed the relationship between MTX pharmacokinetic param-
eters and MTX-related toxicities in patients with B-NHL treated by
the Japanese Pediatric Leukemia/Lymphoma Study Group (JPLSG)
B-NHL03 protocol study [4].

© 2014 Wiley Periodicals, Inc.

DOI 10.1002/pbc.25305

Published online 30 October 2014 in Wiley Online Library
(wileyonlinelibrary.com).

Additional Supporting Information may be found in the online version
of this article at the publisher’s web-site.

'The Advanced Medical Research Center, Aichi Medical University,
Aichi, Japan; *Division of Pediatric Oncology, National Center for
Child Health and Development, Tokyo, Japan; Department of
Pediatrics, Yamagata University Hospital, Yamagata, Japan; “Depart-
ment of Pediatrics, Japanese Red Cross Narita Hospital, Chiba, Japan;
Department of Pediatrics, Sapporo Hokuyu Hospital, Sapporo,
Japan; ®Department of Pediatrics, Kushu Cancer Center, Fukuoka,
Japan; "Department of Pediatrics, Saiseikai Yokohama Nanbu Hospital,
Kanagawa, Japan; ®Department of Pediatrics, Hiroshima Red Cross
Hospital and Atomic Bomb Survivors Hospital, Hiroshima, Japan;
°Department of Pediatrics, Kurume University Hospital, Kurume,
Japan; ""Department of Hematology-Oncology, Saitama Children’s
Medical Center, Saitama, Japan; ' Clinical Research Center, National
Center for Child Health and Development, Tokyo, Japan; '2Clinical
Research Center, National Hospital Organization Nagoya Medical
Center, Nagoya, Japan; *Department of Pathology, National Center for
Child Health and Development, Tokyo, Japan

Grant sponsor: Ministry of Health, Labor and Welfare of Japan;
Grant numbers: H14-Koka(Gan)-031; HI15-Koka(Gan)-024; H16-
GanRinsho-004; H17-GanRinsho-004; H20-GanRinsho-Ippan-017;
H23-GanRinsho-Ippan-014

Conflict of interest: Nothing to declare.

*Correspondence to: Masahito Tsurusawa, MD, Advanced Research
Center, Aichi Medical University, Nagakute, Aichi 480-11, Japan.
E-mail: mtsuru@aichi-med-u.ac.jp

Received 22 May 2014; Accepted 15 September 2014



280 Tsurusawa et al.

PATIENTS AND METHODS

Patients and Protocol Treatment

The protocol was conducted in 112 hospitals of the Japanese
Pediatric Leukemia/Lymphoma Study group (JPLSG) after approval
by each institution’s review board, and written informed consent was
provided by patients or legal guardians before treatment. A total of
346 untreated B-NHL patients under 18 years of age, were registered
to participate in the JPLSG B-NHLO3 study (University hospital
Medical Information Network Japan, UMIN ID: C000000317)
between November 2004 and January 2011. Patients were stratified
into four therapy groups (G1, G2, G3, G4) based on Murphy’s stage,
tumor resectability and BM/CNS involvement. Chemotherapy
regimens are shown in supplemental Table SI. HDMTX was
administered to patients in regimen A (2A for G2, 3A for G3, and
4A1 and 4A2 for G4), G2 received four courses (2A — 2B, x2), G3
and G4 received six courses (3A — 3A — 3B, x2;4A1 — 4A2 — 4B,
x2) of chemotherapy regimens. Regimen A consisted of HDMTX,
dexamethasone, vincristine, intermediate-dose cyclophosphamide
(CPA), and pirarubicin (THP-adriamycin, THP). Patients in G2 and
G3 received 3g/m* HDMTX and those in G4 received 5 g/m?
HDMTX. HDMTX was administered for 24hr and intravenous
hydration at a rate of 100 mVm*hr with 4.3% glucose, NaHCO;4
33 mEq/L, L-Lactate 20 mEq/L, NaCl 35 mEq/L, and KCL 20 mEq/L
was initiated 12hr before the MTX infusion and was maintained
for 48 hr after the infusion. During this period, acetazolamide (125 mg
<5 years old or 250 mg >5 years old) was administered every 12hr.
Urine pH was checked with each void and a bolus of NaHCO;
(8.4mEq in 20 ml) was administered if the pH was <7.0. After 12 hr
of MTX infusion, leucovorin (LV) 15 mg/m2 was given orally every
6hr for a total of seven doses. When patients showed high plasma
MTX levels (>0.2 pM) at 72 hr, LV rescue was continued until MTX
concentration level decreased to less than 0.2 pM.

Measurements of Plasma MTX Concentration

Plasma MTX concentrations were determined by each institute,
and the measurements were performed by a monoclonal antibody-
based immunoassay (fluorescence polarization immunoassay,
FPIA) in 91 institutes, or by an enzyme multiplied immunoassay
technique (EMIT) in 21 institutes. Delayed MTX elimination was
defined as plasma MTX concentration >1pM at 48 hr and/or
>0.5 pM at 72 hr after MTX administration. Since only one third of
the data of MTX concentrations at 24 hr after MTX administration
(the end of 24-hr infusion) was available and there were also no
sufficient sampling points between 24 and 48 hr to calculate the
pharmacokinetic parameters of MTX, we could not analyze the
appropriate pharmacokinetic parameters including systemic clear-

ance (CLSYS) based on the two-compartmental model. We
therefore calculated the basic two parameters of MTX (elimination
rate constant (ke) and terminal half-life (t1/,)). The terminal slope of
MTX concentration (C) versus time (), which represents ke,
was calculated as ke=[In(C1)-In (C2)}/(t2-t1), where Cl and
C2 were concentrations at t1 (48hr) and t2 (72hr), respectively.
The t,,, was calculated by dividing 0.693 by ke.

Statistics

Plasma MTX levels and toxicity data were prospectively
collected for each treatment phase and toxicity severity was graded
according to National Cancer Institute-Common Toxicity Criteria
(NCI-CTC) version 2.0. Continuous variables were summarized as
the meanstandard deviation (SD) or median (minimum,
maximum) and categorical variables were presented as numbers
and percentages. Correlation between the two variables was
estimated by Spearman’s correlation coefficient. The plasma
MTX concentrations in patients with an adverse event (AE) were
compared to those in patients without the AE by using Wilcoxon’s
rank sum test. In this analysis, one observation for each patient was
taken into account. The observation with the AE and the highest
concentration at 48 hr was preferentially used if a patient received
more than one course and had more than one observation.
Furthermore, log-transformed MTX concentrations were compared
between patients with and without AE using generalized estimating
equations (GEE) method [11] including AE (yes vs. no) and course
as factors, in order to take into account repeated measures of the
same patient. The presence (>grade 3) of toxicity (hepatic toxicity,
stomatitis, and infection) were analyzed using the GEE with
repeated-measures logistic regression model including nephrotoxi-
city (yes vs. no) and course as factors. We assumed an exchangeable
covariance matrix for the repeated-measures in the GEE analyses.
All tests were two-sided, and p values less than 0.05 were
considered to indicate statistical significance. Statistical analyses
were carried out using SAS 9.3 (SAS Institute, Inc., Cary, NC).

RESULTS

Pharmacokinetic Parameters

One hundred twenty seven patients out of a total of 304 patients
who received HDMTX therapy showed delayed MTX elimination.
MTX concentrations in patients with delayed MTX elimination are
summarized in Table I. Percentages of patients with delayed MTX
elimination by treatment groups were 26.2% in G2, 40.5% in G3,
and 62.2% in G4, respectively. The male to female ratio in patients
with delayed MTX elimination was more than double than patients
without delayed MTX elimination (107/20=5.35 vs. 123/54=2.27,

TABLE I. Summary of High Plasma MTX Cencentrations at 48 and 72 hr After MTX Dosing*

MTX concentration at 48 hr

MTX concentration at 72 hr

Group No. of patients No. of courses Mean + SD Median (Min, Max) Mean+ SD Median (Min, Max)
2 26 27 2.63+2.25 1.86 (0.99, 11.00) 0.66 +0.52 0.61 (0.08, 1.90)

3 45 53 341+£519 1.77 (0.80, 29.70) 1.02+1.55 0.44 (0.17, 8.23)

4 56 85 3.80+£6.29 1.82 (0.93, 48.00) 1.06+1.79 0.54 (0.05, 11.00)

*>1 M at 48 br and/or >0.5 uM at 72 hr after MTX administration.
Pediatr Blood Cancer DOI 10.1002/pbc
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Fig. 1. Correlation between blood MTX concentrations at 48 and 72 br in patients with delayed MTX clearance (A). Correlation between blood
MTX concentrations in first and second courses at 48 hr (B). r denotes Spearman’s rank correlation coefficient.

P =0.004 by Fisher’s exact test), and the ratios according to treatment
group were 5.5 in G2, 10.2in G3, and 3.6 in G4. Thus, males with G3
showed the highest risk of delayed MTX elimination. However, there
was no significant difference in age between the two groups (mean of
years 8.8 vs. 8.8). MTX concentrations were widely variable between

patients at either dosage. MTX concentrations at 48 hr ranged from
0.99 t0 29.7 uM in the 3 g/m? HDMTX group, and 0.93 to 48 uM in
the 5g/m* HDMTX group. There was a significantly positive
correlation between MTX concentrations at 48 and 72hr in each
patient (Fig. 1A). On the other hand, there was no significant

TABLE IL. Relationship Between Plasma MTX Pharmacokinetics (MTX Concentration and MTX Half-Life) and Adverse Events

Adverse event (number of patients base)

Adverse event (number of courses base)

No, n=118 Yes, n=9 P* No, n= 156 Yes,n=9 P*
Nephrotoxicity >grade 2°
48hr 1.93 (0.80, 25.50) 6.17 (0.99, 48.00) 0.0307 1.81 (0.80, 25.50) 6.17 (0.99, 48.00) 0.009
72hr 0.53 (0.08, 9.89) 1.82 (0.35, 11.00) 0.0023 0.50 (0.05, 9.89) 1.82 (0.35, 11.00) <0.001
ty2 (br) 12.3 (4.5, 35.4) 14.1 (9.9, 42.6) 0.373 12.7 (4.5, 1571.7) 14.1 (9.9, 42.6) 0.318
Adverse event (number of patients base) Adverse event (number of courses base)
No, n=84 Yes, n=42 P No, n=120 Yes, n=44 P°
Hepatic toxicity >grade 3/4°
MTX 48 br 1.98 (0.80, 48.00) 1.91 (0.95, 15.00) 0.65 1.82 (0.80, 48.00) 1.82 (0.95, 15.00) 0.95
MTX 72hr 0.58 (0.08, 11.00) 0.59 (0.16, 6.00) 0.96 0.51 (0.05, 11.00) 0.53 (0.16, 6.00) 0.58
ty (br) 12.6 (4.5, 354) 13.0 (8.0, 1,571.7) 1.00 12.8 (4.5, 354) 12.9 (8.0, 1,571.7) 0.26

Adverse event (number of patients base)

Adverse event (number of courses base)

No, n=068 Yes, n=58 P No, n=98 Yes, n =66 P®
Oral mucositis >grade 3/4°
MTX 48 hr 1.86 (0.80, 48.00) 2.28 (0.95, 25.50) 0.38 1.69 (0.80, 48.00) 2.23 (0.95, 25.50) 0.25
MTX72hr 0.49 (0.08, 11.00) 0.60 (0.10, 9.89) 0.35 0.45 (0.05, 11.00) 0.59 (0.10, 9.89) 0.23
ty (hr) 12.9 (5.7, 35.4) 12.6 4.5, 1,571.7) 0.83 12.8 (54, 35.4) 12.7 4.5, 1,571.7) 023
Adverse event (number of patients base) Adverse event (number of courses base)
No, n=23 Yes, n =103 P No, n=37 Yes, n=127 P®
Infection >grade 3/4°
MTX 48 hr 2.03 (0.80, 48.00) 1.90 (0.93, 29.70) 0.49 1.90 (0.80, 48.00) 1.81 (0.93, 29.70) 0.56
MTX 72hr 0.70 (0.22, 11.00) 0.56 (0.08, 9.89) 0.31 0.50 (0.22, 11.00) 0.52 (0.05, 9.89) 0.25
t12 (hr) 13.0 (10.0, 35.4) 12.4 (4.5, 21.7) 0.48 12.9 (8.5, 35.4) 12.6 (4.5, 1,571.7) 0.74

Data are presented as median (min, max). n: number of patients or courses. *“Wilcoxon’s rank sum test. "Generalized estimating equations method
for repeated log-transformed MTX concentrations. “NCI-CTC version 2.0.
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correlation between MTX concentrations at 48 hr in the first and next
HDMTX courses in each patient (Fig. 1B).

Toxicities

In order to clarify what kinds of MTX toxicities are closely
associated with MTX pharmacokinetic parameters, we statistically
analyzed the correlation between the parameters (plasma MTX
levels and half-life (t;;)) and MTX-related toxicities (stomatitis,
nephrotoxicity, hepatic toxicity, and infection). In this study, we
excluded hematological toxicity and CNS toxicity from the
analysis, because neutropenia >grade 3 was observed in almost
all (>98%) patients regardless of MTX levels, and CNS toxicity
>grade 3 occurred in only one case. In general, adverse events
(AEs) >grade 3 were collected for analysis, but serum creatinine
and proteinuria >grade 2 were used for nephrotoxicity because the
number of nephrotoxic AEs >grade 3 was very few (n=4) and
proteinuria has been shown to be a HDMTX-related nephrotoxicity
[12]. The number of patients with nephrotoxicity >grade 2 was
nine: five in grade 2, one in grade 3 and one in grade 4 with high
serum creatinine levels, and two in grade 2 with proteinuria. As
shown in Table II, only nephrotoxicity was significantly correlated
with higher MTX levels for each patient, and also for each course,
but other toxicities had no correlations to MTX levels. MTX half-
life showed no significant relation to any of the MTX-related
toxicities. We also analyzed statistical difference in the frequency of
other toxicities, such as hepatic toxicity, stomatitis and infection
between patients with nephrotoxicity and patients without
(Table IIT). These results showed that patients with nephrotoxicity
tended to have higher frequencies of hepatic toxicity, although the
difference did not reach significant levels.

Lastly, we studied the difference in incidences of severe
toxicities according to HDMTX courses in all patients of group 3
and group 4 (Fig. 2). Incidences of hematological toxicities did not
vary widely during the four courses. However, incidences of non-
hematological toxicities such as liver and gastrointestinal toxicities
showed a large variation during the courses: the incidence was the
greatest in the first course, and then sharply decreased in later
courses in both groups (P < 0.001). In addition, the incidences
seemed to be unrelated with plasma MTX levels.

Madification of Protocol Treatments

In our study, treatment modifications according to delayed MTX
elimination were reported in 15 patients (2 in group 2, 4 in group 3,
and 9 in group 4). Eleven of which had suffered from MTX-induced
nephrotoxicity with high creatinine levels (6in grade 1, 3 in grade 3,
1 in grade 3 and 1 in grade 4). The modifications were as follows:
dose reduction or prolongation of treatment intervals of CPA and
THP in 8, withdrawal of CPA and THP in 2, reduction of HDMTX
dose (from 5 to 3 g/m®) in the next HDMTX course in 3 (2 between
1st and 2nd course, one between 2nd and 3rd course), and
exchanging course 4A with course 4B without HDMTX in 2. Of the
15 patients, 14 patients except one, who had CNS involvement,
survived without diseases.

DISCUSSION

Recent pharmacokinetic and pharmacogenetic studies of
HDMTX treatment in childhood lymphoid malignancies have

Pediatr Blood Cancer DOI 10.1002/pbc

TABLE III. Incidence of MTX-Related Toxicities According to
Nephrotoxicity

Nephrotoxicity >grade 2

Group No Yes P
Hepatic toxicity
Total Grade 3 36 (23.2) 3(33.3)
Grade 4 2 (1.3) 2(22.2)
>grade 3/4 38 (24.5) 5 (55.6) 0.051
2 Grade 3 5 (20.0) 1 (50.0)
Grade 4 0(0.0) 0(0.0)
>grade 3/4 5(20.0) 1 (50.0) 0.34
3 Grade 3 10 (20.4) 0 (0.0)
Grade 4 1(2.0) 1(33.3)
>grade 3/4 11 (22.4) 1(333) 0.79
4 Grade 3 21 (25.9) 2 (50.0)
Grade 4 1(1.2) 1(25.0)
>grade 3/4 22 (272) 3 (75.0) 0.10
Oral mucositis
Total Grade 3 57 (36.8) 3 (33.3)
Grade 4 5.2 1(11.1)
>grade 3/4 62 (40.0) 4 (44.4) 0.84
2 Grade 3 5 (20.0) 1 (50.0)
Grade 4 1(4.0) 0 (0.0)
>grade 3/4 6 (24.0) 1 (50.0) 0.42
3 Grade 3 20 (40.8) 1(33.3)
Grade 4 0 (0.0) 1(33.3)
>grade 3/4 20 (40.8) 2 (66.7) 0.46
4 Grade 3 32 (39.5) 1(25.0)
Grade 4 4 4.9 0 (0.0)
>grade 3/4 36 (44.4) 1 (25.0) 0.39
Infection
Total Grade 3 119 (76.8) 7 (77.8)
Grade 4 1 (0.6) 0 (0.0)
>grade 3/4 120 (774) 7(77.8) 0.87
2 Grade 3 20 (80.0) 1 (50.0)
Grade 4 0 (0.0) 0 (0.0)
>grade 3/4 20 (80.0) 1 (50.0) 0.28
3 Grade 3 38 (77.6) 3 (100.0)
Grade 4 0 (0.0) 0 (0.0
>grade 3/4 38 (77.6) 3 (100.0) NC
4 Grade 3 61 (75.3) 3 (75.0)
Grade 4 1(1.2) 0 (0.0)
>grade 3/4 62 (76.5) 3(75.0) 0.75

“Generalized estimating equations method for repeated adverse event
(>grade 3/4). NC: not calculated. Data are n (%).

shown significant relations between polymorphisms in genes
coding for enzymes involved in folate metabolisms and MTX-
related toxicities. However, individual prediction of MTX toxicity
and dose adjustment of HDMTX based on pretreatment genotyping
do not reach a practical use [13-15] and routine monitoring of
plasma MTX concentrations still has an important role to predict
MTX toxicities in clinical practice.

In the present study, we analyzed the relation between MTX
pharmacokinetics and MTX-related toxicities in the HDMTX plus
additional chemotherapy for childhood B-NHL. We found that
plasma MTX levels were significantly correlated with nephrotoxi-
city (creatinine and/or proteinutia >grade 2), but not other
toxicities. MTX half-life was not associated with any toxicity.
These results suggest that MTX-induced nephrotoxicity could be
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Fig. 2. Incidence of MTX-related toxicities and delayed MTX elimination according to HDMTX course. Left panel (A) for group 3; Right panel
(B) for group 4. Number in vertical axis shows number of patients with hematological toxicities (upper panel), non-hematological toxicities
(middle panel), and delayed MTX elimination (=1 pM at 48 hr) (lewer panel). Number of patients who received HDMTX therapy of each course
was 108in Ist3A1,106in2nd 3A1, 95 in 3rd 3A1, and 94 in 4th 3A1 in group 3, and 94 in 1st4A1, 83 in 1st4A2, 79in 2nd 4A1, and 78 in 2nd 4A2
in group 4, respectively. P values reported from Dunnett’s test based on the generalized estimating equation method comparing the toxicity count by

course (reference group is 3A (Ist) or 4 Al (Ist)).

caused by the long-time exposure to high plasma MTX levels
during 48-72 hr, but is not related with MTX half-life determined in
the elimination phase in our study.

Very few studies have been reported on nephrotoxicity of
HDMTX in lymphoma patients [12,16]. May et al. [16] retrospec-
tively studied the incidence of nephrotoxicity in adults with
lymphoma, and reported a 21% (37/179 courses) incidence of
nephrotoxicity with creatinine >grade 2 in patients associated with
delayed MTX elimination. This was five times higher than 4%
(7/165 courses) incidence of nephrotoxicity in our study. This
discrepancy may be due to the difference in age of patients between
the two studies. They also suggested that renal toxicity was not
related to delayed MTX elimination, because the ratio (20%) of
nephrotoxicity of patients who do not have was the almost same as
patients with delayed MTX elimination. However, this is not
consistent with our findings, because the incidence of nephrotoxi-
city >grade 2 in patients without delayed MTX elimination was 0%
in our study (data not shown). Lack of correlation between delayed
MTX elimination and other toxicities was rather unexpected. This
finding suggests that MTX-related toxicities such as stomatitis,
hepatic toxicity and infection are affected by CPA and THP as well
as MTX in the HDMTX courses in childhood B-NHL treatment.

In our study, delayed MTX elimination was significantly
associated with male sex. This finding is inconsistent with some
HDMTX studies in childhood ALL, in which female sex has been
reported to be associated with high MTX concentrations or low
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MTX clearance [17,18], whereas other studies have shown that
gender is not significantly associated with MTX concentrations or
pharmacokinetic polymorphism in childhood ALL [19,20]. Thus,
the role of gender in MTX pharmacokinetics still remains to be
elucidated in childhood ALL. In childhood NHL, our results may
provide actionable observation that male sex has two times higher
risk than female to suffer delayed elimination of MTX in HDMTX
therapy, although male sex was not an unfavorable prognostic factor
in outcome [4].

There was no significant relation between the first high plasma
MTX levels and subsequent MTX levels in the later HDMTX
course. This finding showed that there was a wide intra-individual
variability of blood MTX levels as previously described by
others [21]. Since MTX is primarily eliminated by kidney,
creatinine clearance may reflect blood MTX levels. However,
there have been controversial studies for relation between
creatinine concentrations and plasma MTX levels. One study of
children who received 3 or 5g/m* of HDMTX has shown a
positive correlation between serum creatinine concentrations and
blood MTX levels [22] whereas, another study for children who
received 1 or 2 g/m® failed to show the positive association [21].
Although creatinine clearance is not steady, it is unlikely that
creatinine clearance may change during administration of HDMTX,
since all patients were strictly monitored and maintained a high
urine output and urinary alkalization during HDMTX administra-
tion in our study. From the point of view of clinical practice, we



