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Abstract

Introduction: High dose methotrexate is commonly utilised in haematological
malignancies; however, the prevalence of delayed clearance is not well-defined. The
study aimed to determine the prevalence of delayed clearance of methotrexate, to
analyse correlation between rate of methotrexate infusions and its concentrations,
and to identify the predictors associated with delayed clearance. Method: A cross-
sectional study was conducted among adult patients with haematological
malignancies who received high-dose methotrexate. Spearman’s correlation was
utilised to analyse correlation between the rates of methotrexate infusions with its
concentrations at 48 and 72 hours. Multiple logistic regression was used to identify
factors associated with delayed clearance. Results: A total of 63 patients with 159
methotrexate infusions were included, with a mean age of 42.2 years (+18.06) and a
median body mass index of 23.36 kg/m? (19.91-26.14). Delayed methotrexate
clearance was observed in 29 (46%) patients, which affected 41 (25.6%) methotrexate
infusions. A poor negative correlation was found between the rate of methotrexate
infusion and 48-hour concentration (r=-0.206, p=0.009). Older age (odds ratio (OR)
1.06, 95% confidence interval (CI) 1.03-1.10, p<0.001) and dose of methotrexate >3000
mg/m? (OR 3.33, 95% CI 6.45-120.88, p<0.001) were identified as the predictors of
delayed methotrexate clearance. Conclusion: Almost half of the patients
experienced delayed methotrexate clearance. A slower rate of infusion was found to
correlate with higher 48-hour concentrations. Older age and higher doses of
methotrexate were identified as predictors for delayed clearance. Prospective study
is needed with larger sample size to ensure generalisability of the outcomes.
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Introduction

High dose methotrexate (HD-MTX) is widely
utilised for various types of cancers, including
osteosarcoma, lymphoma, and leukaemia. It is
defined differently in several works of literature,
some reports defined it as 1000 mg/m? and above
(Kowalski et al., 2021; Li et al., 2019; May et al., 2014),
while other defined HD-MTX as 500 mg/m? and
above (Dhanushkodi, 2021; Howard et al.,, 2016;
Kawakatsu et al., 2019; Shi et al., 2020; Valade et al.,
2020). In this study, HD-MTX is defined as 500
mg/m? and above. For lymphoma, HD-MTX is
utilised in natural killer (NK)/T cell lymphoma,
primary central nervous system (CNS) lymphoma
and T or B cell lymphoma with CNS involvement
(Allen & Lechowicz, 2019; Grommes & DeAngelis,
2017; Li et al., 2016).

In acute lymphoblastic leukaemia (ALL), HD-MTX
has been used in adult and paediatric protocols,
with the latter utilising higher doses of MTX
(Moricke et al., 2008). Some clinicians have
incorporated paediatric-inspired protocols to be
used in adolescent and young adults (AYA), due to
better outcomes in achieving minimal residual
disease (MRD) as well as survival outcomes in these
population (Ribera et al., 2014; Stock et al., 2019).
The Adolescent and Young Adult Oncology
Progress Review Group (AYAO PRG) defined the
AYA population as comprising individuals aged 15
through 39 years at cancer diagnosis (National
Cancer Institute (U.S.), 2006).

Delayed MTX clearance is defined as MTX
concentration >1 umol/L at 48 hours or >0.1 umol/L
at 72 hours from starting of MTX (Kowalski et al,,
2021; Nakano et al., 2021; Young et al., 2020). The
rationale behind these cutoff points are based on
studies demonstrated that these cutoff points were
predictive of renal toxicity (Widemann & Adamson,
2006). Furthermore, previous pharmacokinetic
study revealed that the toxicity is expected to be
present in delayed MTX clearance cases (Stoller et
al., 1977).

The prevalence of delayed MTX clearance has been
reported by a few literatures in paediatric and adult
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patients with osteosarcoma, but not well-defined in
patients with haematological malignancies. A study
among osteosarcoma patients reported that 48.5% of
their patients had delayed MTX clearance, in which
the dose was 12 g/m?, higher than those utilised in
lymphoma patients (Young et al., 2020). Despite
that, a study reported higher incidence in
lymphoma patients as compared to osteosarcoma
(May et al., 2014). In a recent study, the prevalence
of delayed MTX clearance was high, which was
reported as 79.9% of the infusions, for osteosarcoma
and leukaemia (Mosleh et al., 2023).

Delayed clearance of MTX may increase the risk of
adverse effects, including acute kidney injury,
myelosuppression, megaloblastic anaemia, oral
mucositis, and liver impairment. The incidence of
acute kidney injury occurred in 2 to 12% of the
patients (Widemann & Adamson, 2006). In terms of
hepatotoxicity, elevation of alanine
aspartate
aminotransferase (AST) most of the time are
transient and does not have any clinical significance
(Weber et al., 1987).

aminotransferase (ALT) and

The factors associated with delayed MTX clearance
have been reported in several papers for
osteosarcoma and paediatric population, however
there was insufficient data available among adult
patients with haematological malignancies. A study
reported that the prevalence of delayed MTX
clearance was significantly associated with male
gender and white ethnicity in patients with
osteosarcoma (Young et al., 2020). This is further
supported by another study that reported the
association of delayed clearance with male gender,
older age, and higher serum concentration at 24
hours of MTX administration (Zhang et al., 2016). In
contrast, a recent paper did not find male gender as
a predictive factor; instead, the study reported the
diagnosis of leukaemia and reduced urine output on
day 1 were associated with delayed MTX clearance
(Mosleh et al., 2023). In addition, several studies
investigated associations between
pharmacogenetics with MTX toxicity, such as
ABCC2, MTHER C677T, and A1298C (Campbell et
al., 2016; Razali et al., 2020).

The goal of supportive care during MTX



administration is to increase the solubility of MTX
in the wurine, promote timely excretion and
protection against lethal toxicity by administration
of leucovorin rescue therapy. Prior to starting HD-
MTX, medication reconciliation needs to be
performed in order to prevent potential drug-drug
interactions that will interfere with MTX clearance.
Drugs that possibly elicit highest risk of adverse
drug-drug interaction mechanism are drugs that are
competing with MTX for renal tubular secretion,
such as non-steroidal anti-inflammatory drugs
(NSAIDs), penicillin  antibiotics, probenecid,
proton-pump inhibitors (PPI), and sulphonamides
(Widemann et al., 2006). Another consideration
prior HD-MTX administration is the presence of
third spacing; this condition may cause delayed
elimination of MTX and subsequently severe
neutropenia and thrombocytopenia (Goh et al,
1979). Generally in practice, HD-MTX will not
commenced in patients presented with third
spacing, an alternative regimens will be discussed
further.

The next step is hyperhydration and urinary
alkalinisation. MTX primarily excreted through
kidney, hence the purpose of hyperhydration is to
increase urinary flow rates during MTX
administration. Urine alkalinisation is defined as a
treatment regimen that increases drug elimination
by administration of intravenous sodium
bicarbonate to produce urine with pH of >7.5
(Proudfoot et al. 2004). However, other studies
quoted urine pH target as 7 or greater for MTX
infusions (Perazella et al., 2010; Widemann et al.,
2006). The purpose of alkalinising the urine is to
increase MTX solubility and preventing crystals
nephropathy. Hyperhydration with 100-150 mL/m?
per hour starting from 12 hours before
commencement of HD-MTX is recommended in
many paediatric protocols. Administration of 40
mEq/L of sodium bicarbonate is recommended
during and after HD-MTX administration, until
MTX concentration is proven to be non-toxic. Urine
pH should be monitored to ensure pH is 7 or greater
to reduce risk of crystal formation (Perazella et al.,
2010; Widemann et al., 2006). Another study
suggested to start urine alkalinisation with sodium
bicarbonate 150 mEq/mL in 1 litre of dextrose 5% or
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sterile water, run at 125 mL/hour with target urine
pH 27.5 (Kowalski et al., 2021).

Another important supportive measure is
leucovorin rescue dose. Leucovorin has been used
for more than 30 years in HD-MTX treatment, and it
is effective in prevention or reduction of adverse
effects during HD-MTX treatment, such as
myelotoxicity,  gastrointestinal  toxicity, and
neurotoxicity (Ackland et al., 1987; Widemann et al.,
2006). The mechanism of action of leucovorin is
through bypassing DHFR inhibition by MTX.
Leucovorin (5-formyl tetrahydrofolate) enters the
cell via the folate carrier and readily converted into
a 5,10-methylene tetrahydrofolate without requiring
the involvement of DHFR, thus bypassing DHF
blockade. Various dosing regimens have been used
as rescue dose after HD-MTX administration;
however, the usual doses are 10-15 mg/m? every 6
hourly until plasma MTX concentration below toxic
range. Leucovorin should not be started too early
during administration of HD-MTX, as it will nullify
the activity of MTX, hence reducing the anti-cancer
effects (Howard et al., 2016).

There is an increasing trend on the use of HD-MTX
in AYA and adult patients with haematological
malignancies. This is due to several studies that
showed improved survival outcome in patients who
were given paediatric-inspired protocols (Gupta et
al.,, 2019; Hanbali et al., 2021; Stock et al., 2019;
Winter et al., 2018). Most of paediatric protocols in
ALL utilise a higher dose range of MTX compared
to adults (Gokbuget et al., 2000; Moricke et al., 2008).
This will render adult population to higher dose of
MTX and increase the risk of toxicity. Currently,
there is limited data on delayed MTX clearance
among AYA and adult haematology patients, hence
the risk of delayed MTX excretion each time patients
were given HD-MTX is not known. The established
data is currently more towards osteosarcoma, which
utilise MTX in a different manner; the regimen
commonly utilises higher dose of MTX with shorter
infusion time, i.e. 4 hours (Young et al, 2020).
Furthermore, the dosing approach used in
particularly
paediatric-inspired protocols for leukaemia, utilise
doses of 5 g/m? over longer infusion time, i.e. 24
hours (Moricke et al., 2008). A study by Mosleh et al.

haematological malignancies,



reported on the delayed clearance in leukaemia
patients, however the oldest age was not specified,
and the demographic data only presented the
proportion of patients aged 15 years and older.
Therefore, the inclusion of adults aged 40 years and
above remains unclear.

There is a need to identify patients who are at risk of
delayed MTX clearance to effectively monitor the
patients and carefully decide on the suitable HD-
MTX regimen specifically for the patient. In this
study, we want to identify the prevalence of delayed
MTX clearance and MTX toxicity among patients
with haematological malignancies, to analyse
correlation between dose and duration of
administration with MTX concentrations, and to
identify predictors associated with delayed MTX
clearance.

Materials and methods

Study Design

This is a single-centre cross-sectional study which
was conducted in Hospital Tengku Ampuan Afzan
(HTAA) Kuantan. Patients who received HD-MTX
were either traced through the system or manual.
Demographic data, chemotherapy regimen and
infusion data, supportive measures,
pharmacokinetic parameters, concomitant drugs,
and toxicity profile were collected using data
collection form. Purposive sampling method was
used in this study. All MTX blood samples of
patients with haematological malignancies were
included. The calculated sample size was 335 MTX
infusions based on single proportion sample size
calculation, with 31.9% prevalence reported from
previous study (Dhand et al., 2014; May et al., 2014).

Study Population

The target population for this study was all AYA
and adult patients diagnosed with haematological
malignancies and received HD-MTX. Types of
haematological ~malignancies included were
lymphoma and leukaemia, in which the diagnosis
were obtained from tumour and bone marrow
biopsy, respectively. Inclusion criteria were patients
receiving HD-MTX 500 mg/m? and above from year
2016 until 2021, comprising of all patients aged more
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than 15 years old. Renal functions were normal at
baseline for all patients, as MTX is contraindicated
to be given in patients with renal impairment.
Generally, patients presented with third spacing are
contraindicated for HD-MTX administration at the
included facility; therefore, no patients meeting this
criterion were given HD-MTX . All planned on HD-
MTX received urine alkalinisation with hydration
and sodium bicarbonate, as per recommendation
(Howard et al., 2016).

There was no specific in-house urine alkalinisation
protocol that was utilised in the hospital; thus,
hydration protocol was ordered as per physician’s
discretion. Generally, patients were started on
maintenance hydration with sodium chloride 0.9%
with rate of infusion ranging from 125 to 167 mL/H,
with intravenous sodium bicarbonate starting from
60 mEq/L. The dose of sodium bicarbonate was
adjusted based on urine pH; in some instances, the
dose was higher than the general recommendation,
which can be titrated up to 160 mEq/L, however, the
decision was based on the physicians’ discretion
(Howard t al., 2016). HD-MTX was administered
only when wurine pH 2>7.5. Pharmacokinetic
monitoring was taken at 48 and 72 hours of starting
HD-MTX. Serum MTX concentrations were
outsourced to other facilities, Cobas Integra 400+
and Architek assays were used to determine serum
MTX concentration. Patients whose data were
untraceable or MTX concentration not available
were excluded.

Data Collection

The data collection was conducted over 5 months,
from March to July 2022. In HTAA, all patients who
received HD-MTX from January 2016 until
December 2021 were traced from Pharmacy
Information System (PhIS) and Laboratory
Information System (LIS), whereas for HCTM, data
were traced by using Integrated Laboratory
Management System. Each patient was assigned a
patient identification number (ID), and each MTX
infusion was assigned a sample ID.

Statistical Analysis

Statistical Software for Social Sciences (SPSS)
version 25 was used for data analysis. All statistical
analysis was considered significant if p value <0.05.



Descriptive statistics were used for demographic
data. Normality testing was done using skewness
and kurtosis. All categorical data were presented as
frequencies and percentages, whereas continuous
data were presented as mean (standard deviation
(SD)) for normally distributed data and median
(interquartile range (IQR)) for skewed data. The
prevalence of delayed MTX clearance and MTX
toxicity were presented as descriptive statistics.
Delayed MTX clearance is defined as above. Point of
clearance was defined when MTX concentration
<0.1 pmol/L. Prevalence of delayed MTX clearance
was calculated as:

Cycle with delayed MTX clearance 100

Total chemotherapy cycles

Univariate analyses were performed using
independent t-test, Chi-square test, and Mann-
Whitney U test, as appropriate. Spearman’s rank
correlation was wutilised to analyse correlation
between dose and duration of HD-MTX with MTX
concentrations. Degree of correlation is defined by
the value of correlation coefficient (r); very strong
(20.8), moderate (0.6 to 0.8), fair (0.3 to 0.5), and poor
(<0.3) (Chan, 2003). Univariate logistic regression
was used to identify relationship between the
demographic data and prevalence of delayed MTX
clearance. Age, gender, race, BMI, dose of MTX,
duration of infusion, and concomitant intrathecal
(IT) MTX were included for analysis. Concomitant
IT MTX is defined as a presence of IT MTX in the
chemotherapy regimen alongside with HD-MTX. A
p-value cut-off point of 0.25 was used to select
variables for inclusion in the multivariate logistic
regression analysis, for determination of the
predictors (Bursac et al., 2008). All p-values were
two sided, and differences were statistically
significant when p<0.05.

Results

A total of 67 patients with 184 infusions were
identified. 4 patients with 25 infusions were
excluded from study due to incomplete data on
MTX concentrations. Finally, a total of 63 patients
with 159 MTX infusions were included and
analysed. Mean age was 42.2 years (+18.06), with
median BMI of 23.36 kg/m? (IQR 19.91 to 26.14) and
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median body surface area (BSA) of 1.7 m2 (IQR 1.51
to 1.82). Each patient received median MTX dose of
2000 mg/m? (IQR 1500 to 2500) and mean infusion
duration of 15.7 hours (+9.94). The details on the
chemotherapy regimens received were shown in
Figure Al (Appendix). Delayed MTX clearance
occurred in 29 (46%) of the patient, which accounted
for 41 (25.6%) of MTX-containing infusion. The
difference in median number of MTX cycles was not
statistically significant between the groups (3 versus
1.5 cycles, U=363, z=-1.87, p=.061). There was a
significant difference between age and delayed
MTX clearance (t=2.257, 95% confidence interval
(CI) 092 to 13.83, p=0.025). Details on the
demographic data and associations with delayed
MTX clearance were shown in Table 1.

Table 1: Demographic data of patients and associations
with delayed MTX clearance. AYA, adolescent and young
adults; IQR, interquartile range; IT, intrathecal; MTX,
methotrexate; SD, standard deviation. 2Chi-square test,
Fisher’s Exact test, ‘Mann-Whitney U test, dindependent
t-test.

Variables Delayed MTX Test P
clearance Value
Yes No

(n= patients) (n=29) (n=34)

Gender,

n (%)
Male 24 (82.8) 22(647) 2589  0.108
Female 5(172)  12(35.3)

Race, n (%)
Malay 25 (86.2) 33 (97.1) 25236 0.171
Non-Malay 4 (13.8) 1(2.9)

Age group,
n (%)
AYA
Adult

14 (483)  17(50)  0.019>  1.000
15(517) 17 (50)

Diagnosis,
n (%)

Lymphoma 16 (55.2) 18 (52.9) 0.031>  0.859

Leukaemia 13 (44.8) 16 (47.1)
Median 3(1to4) 15(1to3) -1.87¢  0.061
number of

MTX cycles

(IQR)




Variables Delayed MTX Test P
clearance Value
Yes No

n= (n=41) (n=118)

infusions)

Mean age, 47.73 40.35 22574  0.025

years (SD) (19.15) (17.43)

Median 23.52 22.99 - 0.724

BMI, kg/m? (18.86to  (19.93 to 0.353¢

(IQR) 26.54) 25.78)

Median 1.70 1.69 (1.51 - 0.589

BSA, m? (1.52 to to 1.81) 0.540¢<

(IQR) 1.85)

Median dose 2500 1500 (1500 - 0.125

of MTX, (1000 to
mg/m? (IQR) 4500)

t02500)  1.5342

Mean 16.28 15.48 - 0.665
durationof  (x10.12)  (£9.93)  0.434¢
infusion,
hours (+SD)
IT MTX,
n (%)
Yes 25 (61) 69 (58.5) 0.253*  0.615
No 15(39) 50 (41.5)

Correlation analysis showed that there was a poor
positive correlation between dose of MTX and its
concentration at 72 hours (r 0.192, p=.016). Fair
positive correlation was found between duration of
MTX infusion and the concentration at 48 hours (r
0.301, p<.001). However, when rate of infusion was
used, it was found that there was a poor negative
correlation between rate of MTX infusion and its
concentration at 48 hours (r -0.206, p=.009) (Table 2).

Table 2: Correlations between dose and duration of MTX
with its concentrations. MTX, methotrexate. ®Spearman’s
rank correlation, *significance at p<0.05.

Variables MTX concentrations
At 48 hours At 72 hours
r p Value r p
Value
Dose of MTX  0.043 0.596 0.194 0.015*
Duration of 0.301 <0.001* 0.068 0.393
MTX
infusion
Rate of MTX  -0.206 0.009* - 0.991
infusion 0.001
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Figure 1: Correlation between dose of MTX and MTX
concentration at 72 hours. MTX, methotrexate.
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Figure 2: Correlation between duration of MTX infusion
and MTX concentration at 48 hours. MTX, methotrexate.
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Univariate logistic regression was performed to
identify relationship between the selected variables
with delayed MTX clearance. Age, gender, and dose
of MTX had p value of less than 0.25, hence
multivariate logistic regression was performed on
these variables. Results showed that for every 1-year
increase in age, the odds of having delayed MTX
clearance was 6% higher (odds ratio (OR) 1.06, 95%
CI 1.03 to 1.07, p<0.001). Dose of MTX >3000 mg/m?
has 28 times higher odds of delayed MTX clearance
compared to <3000 mg/m? (OR 27.91, 95% CI 6.45 to
120.88, p<0.001). Table 3 summarizes the logistic



regression analysis and the significant variables,
controlling for other factors. The model equation is
as follow:

logit(odds) = —4.275 + 0.06(Age) + 3.329(Dose)

whereby age is a continuous data, dose <3000
mg/m?=0, and dose >3000 mg/m?=1. The model has
been checked for goodness-of-fit, multicollinearity,
interaction, and outliers. The multicollinearity was
assessed using tolerance and variance inflation
factor (VIF). Both variables included had the same
tolerance value and VIF (0.85 and 1.177,
respectively), which indicates no multicollinearity.
The final model met all the assumptions, and
demonstrated a good model, whereby 76.7% of the
cases can be predicted correctly.

Discussions

We present an analysis of AYA and adult patients
who received HD-MTX. The prevalence of delayed
MTX clearance was 25% in this study. This
prevalence was slightly lower compared to other
published studies, whereby delayed MTX clearance
was reported to be 31.9% of the lymphoma cases
(May et al, 2014). Another study reported
prevalence of 29% delayed clearance among total
MTX infusions given (Young et al, 2020).
Furthermore, another study found a higher
occurrence of delayed MTX clearance, which was
41.4% (Ng et al, 2016). The reason for this difference
may be due to single centre study, which may not be
representative of the whole population; some of the
cases might not be counted. The results across
studies suggest that delayed MTX clearance is
prevalent across all cancer diagnosis, and prompt
intervention is needed.

A weak positive correlation was found between
dose of MTX and 72-hour concentration (Figure 1)
and a fair positive correlation between duration of
MTX infusion and 48-hour concentration (Figure 2).
When both data combined into rate of infusion it
showed poor negative correlation (Table 2). These
poor correlations might be due to low
concentrations of MTX in most of the samples,
especially concentration at 72 hours. Furthermore,
there were outliers, which may drive towards the
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significance. These outliers were the toxic cases
encountered during the data collection.

On the other hand, there was no correlation found
between dose and 48-hour concentrations. Based on
the two pharmacokinetic studies, the relationship
between dose and peak concentration (Cmax) was
seen in HD-MTX infused over 6 hours (Bacci et al.,
2006; Lin et al., 2009). However, this association was
not observed in 24 and 48-hour concentration (Lin et
al., 2009). The lack of correlation between the dose
and 48-hour concentration may be due to
interindividual variability in renal clearance. This
may be due to a higher drug clearance when higher
Cmax was reached, as suggested by previous study
(Cano et al., 1981).

In contrast, previous pharmacokinetic study
revealed that the toxicity of MTX was related with
the infusion time, in this case haematological
toxicity and liver derangement (Goldie et al., 1972).
This may be due to the longer exposure of MTX
when it is being administered over longer period,
rendering patient to elevated risk of MTX toxicity.
However, our data showed inconsistent results,
whereby the dose was related to delayed MTX
clearance instead. It was noted that Goldie et al. did
not report any statistical analysis to back up the
findings; it was more of a trend observed
descriptively rather that a true significance.

Multivariate logistic regression showed that age and
dose MTX of >3000 mg/m? were independent
predictors associated with delayed MTX clearance.
Similar results have been demonstrated in a study
which identified dose as a predictor (Ng et al., 2016).
Increasing the dose of MTX will ultimately increase
the drug exposure, hence elevating the risk of
delayed MTX clearance. A study by Nakano et al
reported that age could not be identified as risk
factor although there was a significant association
with delayed MTX clearance (Nakano et al., 2021).
MTX was primarily excreted through urine, hence
renal function plays an important role in the drug
clearance. Older age may have a decline in renal
function compared to young age, which may
explain this situation even though patients had a
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Table 3: Multivariate logistic regression on the predictors associated with delayed MTX clearance. CI, confidence interval, IT, intrathecal; MTX, methotrexate; OR,
odds ratio. "Method: Forward Stepwise (likelihood ratio). *Variables that have p<0.25 were included for multivariate logistic regression.

Variables Univariate Logistic Regression Multivariate Logistic Regression
B OR 95% CI p Value B2 Adjusted 95% CI p Value
OR
Age 0.023 1.02 1.00 to 1.05 0.028* 0.060 1.06 1.03 to 1.10 <0.001
Gender
Male 0.743 2.10 0.89 to 4.98 0.091% - - - -
Female 1.00
Race
Non-Malay 0.28 0.76 0.27 to 2.12 0.594 - - - -
Malay 1.00
BMI -0.017 0.98 0.93 to 1.04 0.565 - - - -
Dose of MTX
>3000 mg/m? 1.674 5.33 1.87 to 15.19 0.002* 3.329 2791 6.45 to 120.88 <0.001
<3000 mg/m? 1.00 1.00
Duration of MTX 0.008 1.01 0.97 to 1.05 0.662 - - - -
infusion
Concomitant IT MTX
Yes 0.189 1.21 0.58 to 2.52 0.615 - - - -

No 1.00




normal renal function at baseline.

We could not find gender as a significant predictor
for delayed MTX excretion. This finding was
supported by other studies which did not find any
relationship between gender and delayed MTX
clearance (Barreto et al., 2021; Nakano et al., 2021).
A study among osteosarcoma patients reported that
female gender was associated with delayed MTX
excretion (Misaka et al., 2020; Zhang et al., 2016). In
contrast, two studies found an association between
male gender and delayed MTX clearance (May et al.,
2014; Young et al., 2020). These inconsistent results
showed that gender may not be a clear predictor, it
may be explained by genetic polymorphism which
may varies among gender.

Overall, the understanding of the predictors may be
beneficial for individualizing therapy among
patients and provide the best supportive care
measures. Further exploration of pharmacogenetics
and its relationship with specific types of toxicity
may further improve predictions and patient
outcome, and a betterment towards personalized
medicine.

There are some limitations in this study that may
restrict the application of the outcome. First, this is
an underpowered study, with post-hoc power
calculation of 38.4% due to insufficient samples. A
larger sample size is required to address the
generalisability of the outcomes in this study. There
are a few potential biases in this study. The first one
is selection bias, as this study was a single centre
study. In addition, the use of purposive sampling
may introduce bias, as it may not represent a
broader population. Secondly, information bias also
may be present; there was no standardised urine
alkalinisation protocol throughout Malaysia which
may lead to variability in patient management.
Furthermore, the use of different laboratory assays
might introduce the inconsistency in the reported
MTX concentrations. Thirdly, confounding bias also
could not be excluded totally, as there may be other
variables which could not affect the outcome, such
as genetic polymorphism and variations in
chemotherapy regimen. Standardisation of urine
alkalinisation = regimen among facilities is
recommended to reduce variability among patients.

Conclusion

In conclusion, the prevalence of delayed MTX
clearance is prominent among adult patients with
haematological ~malignancies in our study
population. A weak positive correlation was found
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between the rate of MTX infusion with 48 hours’
concentrations. Older age and higher dose of MTX
were identified as the predictors for delayed
clearance. Further prospective study is needed with
larger sample size to ensure generalisability of the
outcomes.

Authors contributions

M. N. Y. designed and conducted the research,
performed data collection and analysis, and wrote
the manuscript; N. M. S. and N. A. M. T. supervised
the whole research, provided ideas, verified the
analytical methods, and reviewed the write-up; S. N.
N. A. J. conceived the idea for research method,
assisted in data collection; A. N. K. provided
conceptualization of ideas. A. N. K. and N. R. T.
provided expert opinions in the field of
haematology. All authors provided critical feedback
and helped shape the research, analysis, and
manuscript.

Acknowledgements

We would like to thank the Director General of
Health Malaysia, Datuk Dr Muhammad Radzi Abu
Hassan, the Medical Research Ethics Committee
Ministry of Health Malaysia, and Research Ethics
Committee Universiti Kebangsaan Malaysia for the
opportunity to conduct this research, as a partial
requirement for postgraduate study.

Ethical approval statement

Ethical approvals were obtained from National
Medical Research and Ethics Committee (MREC) of
the Ministry of Health (MOH) Malaysia (Ref No:
NMRR ID-22-00022-1TH (IIR)) and Research Ethics
Committee UKM (REC UKM) (Ref No: UKM
PPI/111/8/JEP-2022-238).

Informed consent statement

Patient consent was waived due to retrospective
nature of the study.

Conflict of interest

The authors declare that there are no conflicts of
interest.



Declaration of generative Al and Al-
assisted technologies in the writing
process

The authors declare that no generative artificial
intelligence (AI) or Al-assisted technologies was
used for the preparation of this manuscript.

References

Ackland, S. P., & Schilsky, R. L. (1987). High-dose
methotrexate: a critical reappraisal. | Clin
Oncol, 5(12), 2017-2031.
https://doi.org/10.1200/jco.1987.5.12.2017

Allen, P. B, & Lechowicz, M. ]J. (2019).
Management of NK/T-Cell Lymphoma,
Nasal Type. Journal of Oncology Practice,
15(10), 513-520.
https://doi.org/10.1200/jop.18.00719

Bacci, G., Loro, L., Longhi, A., Bertoni, F.,
Bacchini, P., Versari, M., Picci, P., & Serra,
M. (2006). No correlation between
methotrexate serum level and histologic
response in the pre-operative treatment of
extremity osteosarcoma. Anticancer Drugs,

17(4), 411-415.
https://doi.org/10.1097/01.cad.0000203379.
14738.d9

Barreto, J. N., Reid, J]. M., Thompson, C. A., Mara,
K. C,, Rule, A. D., Kashani, K. B., Leung,
N., Larson, T. R., McGovern, R. M., Witzig,
T. E., & Barreto, E. F. (2021). Prospective
evaluation of high-dose methotrexate
pharmacokinetics in adult patients with
lymphoma using novel determinants of
kidney function. Clin  Transl  Sci.
https://doi.org/10.1111/cts.13125

Bursac, Z., Gauss, C. H., Williams, D. K,, &
Hosmer, D. W. (2008). Purposeful selection
of variables in logistic regression. Source
Code for Biology and Medicine, 3(1), 17.
https://doi.org/10.1186/1751-0473-3-17

Campbell, J. M., Bateman, E., Stephenson, M. D.,
Bowen, J. M., Keefe, D. M., & Peters, M. D.
(2016). Methotrexate-induced  toxicity
pharmacogenetics: an umbrella review of
systematic reviews and meta-analyses.
Cancer Chemother Pharmacol, 78(1), 27-39.
https://doi.org/10.1007/s00280-016-3043-5

Page 212

Cano, J. P, Aubert, C,, Rigault, J. P.,, Gilli, R.,
Coassolo, P., Monjanel, S., Seitz, J. F., &
Carcassone, Y. (1981). Advantages and
limitations of pharmacokinetic studies in
the rationalization of anticancer therapy:
methotrexate and 5-FU. Cancer Treat Rep,
65 Suppl 3, 33-42.

Chan, Y. H. (2003). Biostatistics 104: correlational
analysis. Singapore Med |, 44(12), 614-619.

Dhand N. K., Khatkar M. S. (n.d.). Statulator: An
online statistical calculator. Sample Size
Calculator for Estimating a Single Proportion.

Accessed 24 January 2025,
http://statulator.com/SampleSize/ss1P.ht
ml

Dhanushkodj, M. (2021). High-dose
Methotrexate. Indian Journal of Medical and
Paediatric  Oncology, 40(03), 424-426.
https://doi.org/10.4103/ijmpo.ijmpo_157_1
9

Goh, T. S.,, Wong, K. Y., Lampkin, B., O'Leary, J.,
& Gnarra, D. (1979). Evaluation of 24-hour
infusion of high-dose methotrexate--
pharmacokinetics and toxicity. Cancer
Chemother ~ Pharmacol,  3(3), 177-180.
https://doi.org/10.1007/bf00262419

Gokbuget, N., Hoelzer, D., Arnold, R., B6hme,
A., Bartram, C. R., Freund, M., Ganser, A.,
Kneba, M., Langer, W., Lipp, T., Ludwig,
W. D., Maschmeyer, G., Rieder, H., Thiel,
E., Weiss, A.,, & Messerer, D. (2000).
Treatment of Adult ALL according to
protocols of the German Multicenter Study
Group for Adult ALL (GMALL). Hematol
Oncol Clin North Am, 14(6), 1307-1325, ix.
https://doi.org/10.1016/s0889-
8588(05)70188-x

Goldie, J. H., Price, L. A., & Harrap, K. R. (1972).
Methotrexate toxicity: Correlation with
duration of administration, plasma levels,
dose and excretion pattern. European
Journal — of  Cancer, 8(4), 409-414.
https://doi.org/10.1016/0014-
2964(72)90125-9

Grommes, C., & DeAngelis, L. M. (2017). Primary
CNS Lymphoma. ] Clin Oncol, 35(21), 2410-
2418.
https://doi.org/10.1200/jco.2017.72.7602



Gupta, S, Pole, J. D., Baxter, N. N., Sutradhar, R,,

Lau, C., Nagamuthu, C., & Nathan, P. C.
(2019). The effect of adopting pediatric
protocols in adolescents and young adults
with acute lymphoblastic leukemia in
pediatric vs adult centers: An IMPACT
Cohort study. Cancer Med, 8(5), 2095-2103.
https://doi.org/10.1002/cam4.2096

Hanbali, A., Kotb, A., Fakih, R. E., Alfraih, F.,

Ahmed, S. O., Shaheen, M., Alhayli, S,
Alahmari, A., Alotaibi, A., Alshaibani, A.,
Riash, M. A., Deeba, F., Asif, M., Rasheed,
W., Alzahrani, H., Alsharif, F., Chaudhri,
N., Almohareb, F., & Aljurf, M. (2021).
Improved survival in adolescents and
young adults (AYA) patients aged 14-55
years with acute lymphoblastic leukemia
using pediatric-inspired protocol - a
retrospective analysis of a real-world
experience in 79 of patients treated at a
national tertiary care referral center. Leuk
Res Rep, 16, 100270.
https://doi.org/10.1016/j.1rr.2021.100270

Howard, S. C.,, McCormick, J., Pui, C. H,,

Buddington, R. K., & Harvey, R. D. (2016).
Preventing and Managing Toxicities of
High-Dose  Methotrexate.  Oncologist,
21(12), 1471-1482.
https://doi.org/10.1634/theoncologist.2015-
0164

Kawakatsu, S., Nikanjam, M., Lin, M., Le, S,

Saunders, I., Kuo, D. J., & Capparelli, E. V.
(2019).  Population = pharmacokinetic
analysis of high-dose methotrexate in
pediatric and adult oncology patients.
Cancer Chemother Pharmacol, 84(6), 1339-
1348. https://doi.org/10.1007/s00280-019-
03966-4

Kowalski, A., Jaszczur, S. M., Nadeau-Nguyen,

M., & Merl, M. Y. (2021). Assessment of
High-Dose Methotrexate Management
Guideline in Adults with Cancer at an
Academic Medical Center [Article]. Journal
of Hematology Oncology Pharmacy, 11(2), 69-
73.

Li, X, Cui, Y., Sun, Z,, Zhang, L., Li, L., Wang, X,,

Wu, J., Fu, X,, Ma, W., Zhang, X., Chang,
Y., Nan, F, Li, W, Su, L., Wang, J., Xue, H.,
& Zhang, M. (2016). DDGP versus SMILE

Page 213

in Newly Diagnosed Advanced Natural
Killer/T-Cell Lymphoma: A Randomized
Controlled, Multicenter, Open-label Study
in China. Clin Cancer Res, 22(21), 5223-5228.
https://doi.org/10.1158/1078-0432.CCR-16-
0153

Li, X., Sui, Z,, Jing, F., Xu, W.,, Li, X., Guo, Q., Sun,

S., & Bi, X. (2019). Identifying risk factors
for  high-dose  methotrexate-induced
toxicities in  children with acute
lymphoblastic leukemia. Cancer Manag
Res, 11, 6265-6274.
https://doi.org/10.2147/CMAR.5207959

Lin, F.,, Juan, Y., Zheng, S. E., Shen, Z., Tang, L.

N., Zhao, H., & Yao, Y. (2009). Relationship
of serum methotrexate concentration in
high-dose methotrexate chemotherapy to
prognosis and tolerability: A prospective
cohort study in chinese adults with
osteosarcoma. Curr Ther Res Clin Exp,
70(2), 150-160.
https://doi.org/10.1016/j.curtheres.2009.04.
005

May, J., Carson, K. R,, Butler, S., Liu, W., Bartlett,

N. L., & Wagner-Johnston, N. D. (2014).
High incidence of methotrexate associated
renal toxicity in patients with lymphoma:
a retrospective analysis. Leuk Lymphoma,
55(6), 1345-1349.
https://doi.org/10.3109/10428194.2013.8407
80

Misaka, K. O., Suga, Y., Staub, Y., Tsubata, A.,

Shimada, T., Sai, Y. & Matsushita, R.
(2020). Risk Factors for Delayed
Elimination of Methotrexate in Children,
Adolescents and Young Adults with
Osteosarcoma. In Vivo, 34(6), 3459-3465.
https://doi.org/10.21873/invivo.12185

Moricke, A., Reiter, A., Zimmermann, M.,

Gadner, H., Stanulla, M., Dordelmann, M.,
Loning, L., Beier, R., Ludwig, W. D., Ratei,
R., Harbott, J., Boos, ]., Mann, G., Niggli, F.,
Feldges, A., Henze, G., Welte, K., Beck, J.
D., Klingebiel, T., Niemeyer, C., Zintl, F,,
Bode, U., Urban, C.,, Wehinger, H,
Niethammer, D., Riehm, H., Schrappe, M.,
& German-Austrian-Swiss, A. L. L. B. F. M.
S. G. (2008). Risk-adjusted therapy of acute
lymphoblastic leukemia can decrease



treatment burden and improve survival:
treatment results of 2169 unselected
pediatric and adolescent patients enrolled
in the trial ALL-BFM 95. Blood, 111(9),
4477-4489. https://doi.org/10.1182/blood-
2007-09-112920

Mosleh, E., Snyder, S.,, Wu, N., Willis, D. N,,

Malone, R., & Hayashi, R. J. (2023). Factors
influencing delayed clearance of high dose
methotrexate (HDMTX) in pediatric,
adolescent, and young adult oncology
patients.  Front Oncol, 13, 1280587.
https://doi.org/10.3389/fonc.2023.1280587

Nakano, T., Kobayashi, R., Matsushima, S., Hori,

D., Yanagi, M., Suzuki, D., & Kobayashi, K.
(2021). Risk factors for delayed elimination
of high-dose methotrexate in childhood
acute lymphoblastic leukemia and
lymphoma. Int | Hematol, 113(5), 744-750.
https://doi.org/10.1007/s12185-020-03071-
w

National Cancer Institute (U.S.). (2006). Closing

the gap: research and care imperatives for
adolescents and young adults with cancer.
U.S. Dept. of Health and Human Services,
National Institutes of Health (NIH), National
Cancer Institute (NCI).
https://www.cancer.gov/types/aya/researc
h/ayao-august-2006.pdf

National Cancer Institute (U.S.). (2017). Common

terminology criteria for adverse events
(CTCAE) v5.0 (Rev. ed.). U.S5. Dept. of
Health and Human Services, National
Institutes of Health, National Cancer Institute.

Ng H.Y. Ong, P.S., Loy, X. M., Chen, Y., & Goh,

Y. T. (2016). Predictors of Delayed
Clearance and Toxicities from High Dose
Methotrexate in Patients Receiving
Hypercvad Regimen for Treatment of
Lymphoid Malignancies. Blood, 128(22),
1630-1630.
https://doi.org/10.1182/blood.V128.22.1630
.1630

Perazella, M. A., & Moeckel, G. W. (2010).

Nephrotoxicity from chemotherapeutic
agents: clinical manifestations,
pathobiology, and prevention/therapy.

Page 214

Semin Nephrol, 30(6), 570-581.
https://doi.org/10.1016/j.semnephrol.2010.
09.005

Proudfoot, A. T., Krenzelok, E. P., & Vale, J. A.

(2004). Position Paper on  urine
alkalinization. | Toxicol Clin Toxicol, 42(1),
1-26. https://doi.org/10.1081/clt-120028740

Razali, R. H., Noorizhab, M. N. F., Jamari, H.,

James, R. J., Teh, K. H., Ibrahim, H. M.,
Teh, L. K., & Salleh, M. Z. (2020).
Association of ABCC2 with levels and
toxicity of methotrexate in Malaysian
Childhood Acute Lymphoblastic
Leukemia (ALL). Pediatr Hematol Oncol,
37(3), 185-197.
https://doi.org/10.1080/08880018.2019.1705
949

Ribera, J. M., Ribera, J.,, & Genesca, E. (2014).

Treatment of adolescent and young adults
with acute lymphoblastic leukemia.
Mediterr | Hematol Infect Dis, 6(1), e2014052.
https://doi.org/10.4084/MJHID.2014.052

Shi, Z.-y., Liu, Y.-o0., Gu, H.-y., Xu, X.-q., Yan, C,,

Yang, X.-y., & Yan, D. (2020). Population
pharmacokinetics of high-dose
methotrexate in Chinese pediatric patients
with medulloblastoma. Biopharmaceutics &
Drug Disposition, 41(3), 101-110.
https://doi.org/https://doi.org/10.1002/bdd
2221

Stock, W., Luger, S. M., Advani, A. S., Yin, ],

Harvey, R. C., Mullighan, C. G., Willman,
C. L., Fulton, N. Laumann, K. M,
Malnassy, G., Paietta, E., Parker, E., Geyer,
S., Mrézek, K., Bloomfield, C. D., Sanford,
B., Marcucci, G., Liedtke, M., Claxton, D.
F., Foster, M. C., Bogart, J. A, Grecula, J. C,,
Appelbaum, F. R,, Erba, H., Litzow, M. R,,
Tallman, M. S., Stone, R. M., & Larson, R.
A. (2019). A pediatric regimen for older
adolescents and young adults with acute
lymphoblastic leukemia: results of CALGB
10403. Blood, 133(14), 1548-1559.
https://doi.org/10.1182/blood-2018-10-
881961

Stoller, R. G., Hande, K. R., Jacobs, S. A,

Rosenberg, S. A., & Chabner, B. A. (1977).
Use of plasma pharmacokinetics to predict



and prevent methotrexate toxicity. N Engl

] Med, 297(12), 630-634.
https://doi.org/10.1056/nejm197709222971
203

Valade, S., Mariotte, E., Azoulay, E., & Darmon,
M. (2020). High-dose methotrexate in ICU
patients: a retrospective study. Ann
Intensive Care, 10(1), 81.
https://doi.org/10.1186/s13613-020-00693-5

Weber, B. L., Tanyer, G., Poplack, D. G., Reaman,
G. H,, Feusner, J. H,, Miser, J. S., & Bleyer,
W. A. (1987). Transient acute
hepatotoxicity of high-dose methotrexate
therapy during childhood. NCI Monogr(5),
207-212.

Widemann, B. C., & Adamson, P. C. (2006).
Understanding and managing
methotrexate nephrotoxicity. Oncologist,
11(6), 694-703.
https://doi.org/10.1634/theoncologist.11-6-
694

Winter, S. S., Dunsmore, K. P.,, Devidas, M.,
Wood, B. L., Esiashvili, N., Chen, Z,
Eisenberg, N., Briegel, N., Hayashi, R. ],
Gastier-Foster, J. M., Carroll, A. ],
Heerema, N. A., Asselin, B. L., Gaynon, P.
S., Borowitz, M. J., Loh, M. L., Rabin, K. R,,
Raetz, E. A, Zweidler-Mckay, P. A,
Winick, N. J., Carroll, W. L., & Hunger, S.
P. (2018). Improved Survival for Children
and Young Adults With T-Lineage Acute
Lymphoblastic Leukemia: Results from
the Children's Oncology Group AALL(0434
Methotrexate Randomization. | Clin Oncol,
36(29), 2926-2934.
https://doi.org/10.1200/jco.2018.77.7250

Young, E. P.,, Cheng, W. S., Bernhardt, M. B.,
Wang, L. L., Rainusso, N., & Foster, ]J. H.
(2020). Risk factors associated with
delayed methotrexate clearance and
increased toxicity in pediatric patients
with osteosarcoma. Pediatr Blood Cancer,
67(4), e28123.
https://doi.org/10.1002/pbc.28123

Zhang, W., Zhang, Q., Zheng, T. T., Zhen, J. C., &
Niu, X. H. (2016). Delayed High-dose
Methotrexate Excretion and Influencing
Factors in Osteosarcoma Patients. Chin

Page 215

Med ] (Engl), 129(21), 2530-2534.
https://doi.org/10.4103/0366-6999.192781



Appendix A

Figure A1: Chemotherapy regimens used for HD-
MTX, total of 159 HD-MTX infusions. HD-MTX, high
dose methotrexate; R, rituximab.
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Figure A2: Data collection form.

RAMTAX: DATA COLLECTION FORM

Patient ID: .o Sample 1D s
Age: ......years Gender: [ Male

[ Female
Height: e cm  Weight: . kg Date of Birth: .

Date of admission: ...

Co-maorbidities (list down): . Fluid overload? [ Yes

............................................. O No

Diagnosis:

Chemotherapy Data:

Regi Date & time started

Dose of MTX: s mg/m? Duration of MTX infusion: .......... hours

Supportive measures:

Leucoverin Regimen:

Date & Time started: ... Duration of Folinic acid: ......... Days

Total leucovorin rescue administered:

Urine pH range throughout administration: ...

Pharmacokinetics Parameters:

TOM 48 H: Date & Time: Measured Level:

TOM 72 H: Date & Time: Measured Level

TOM ... H: Date & Time: ... Measured Level: ..

TOM ... H: Date & Time: ... Measured Level: ...
Time taken for MTX < 0.1 pmolfL: ......... days

Concomitant drugs:

Nephrotoxic drugs? [ Yes O No If yes, state: ........

Hepatotoxic drugs? [ Yes O No If yes, state: ........

Table Al: Chemotherapy agents used in HD-MTX regimens. MTX, methotrexate; IT, intrathecal

Protocol Name Chemotherapy Agents Leucovorin Duration of
Rescue Dose MTX
Infusion
(hours)
ALL-BFM HR1 Methotrexate 5000 mg/m?D1 15 mg/m? QID 24
Vincristine 1.5 mg/m? (max 2 mg) D1,6 start at 42H of
Cyclophosphamide 200 mg/m? BD x 5 doses D2-4 MTX
Cytarabine 2000 mg/m? bd D5
L-Asparaginase 25,000 u/m? D6
IT Methotrexate 12 mg D1
IT Cytarabine 30 mg D1
ALL-BFM HR2 Methotrexate 5000 mg/m?D1 15 mg/m? QID 24
Vindesine 3 mg/m? (max 5 mg) D1,6 start at 42H of
Ifosfamide 800 mg/m? x 5 doses D2-4 MTX
Daunorubicin 30mg/m? D5
L-Asparaginase 25,000 u/m? D6
IT Methotrexate 12 mg D1
IT Cytarabine 30 mg D1
ALL-BFM M 6-Mercaptopurine 25 mg/m? D1-56 15 mg/m? QID 24
Methotrexate 5000 mg/m? D8,22,36,50 start at 42H of
IT Methotrexate 12 mg D8,22,36,50 MTX
Block A Methotrexate 1500 mg/m?D1 30 mg/m? start 24
Vincristine 2 mg D1 at 42 & 48H of
Ifosfamide 800 mg/m?D1-5 MTX, then 15
Cytarabine 150 mg/m? BD D4-5 mg/m? QID

Etoposide 100 mg/m?D4-5
IT Methotrexate 15 mg D1,5
IT Cytarabine 40 mg D1,5
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Block B Methotrexate 1500 mg/m? D1 30 mg/m? start 24
Vincristine 2 mg D1 at 42 & 48H of
Cyclophosphamide 200 mg/m?D1-5 MTX, then 15
Doxorubicin 25 mg/m? D4-5 mg/m? QID
Etoposide 100 mg/m?D4-5
IT Methotrexate 15 mg D1,5
IT Cytarabine 40 mg D1,5

DeAngelis Methotrexate 2500 mg/m? D1 20 mg QID 3

(Week 1,3,5,7,9) Vincristine 1.4 mg/m? (max 2.8 mg) D1 start at 24H of
Procarbazine 100 mg/m? (max 150 mg) D1-7 MTX

(Week 1,5,9)

GMALL Week Methotrexate 1500 mg/m?D1,15 30 mg/m? start 24

30, 46 L-Asparaginase 10,000 u/m2 D2,16 at 42 & 48H of
6-Mercaptopurine 60mg/m? OD MTX, then 15

D1-7,15-21 mg/m?2 QID
IT Methotrexate 15 mg D1
IT Cytarabine 40 mg D1
HD-MTX Methotrexate 3000 mg/m?D1 20 mg QID 3
start at 24H of
MTX

HyperCVAD B Methotrexate 1000 mg/m? D1 15 mg QID 24
Cytarabine 3000 mg/m? BD D2- 3 start at 48H of
IT Methotrexate 12 mg D2 MTX
IT Cytarabine 100 mg D2

R1 Methotrexate 500 mg/m? D1 15 mg/m?start 24
Vincristine 1.5 mg/m? (max 2 mg) D1 at 42 & 48H of
Cytarabine 300 mg/m? D5 MTX, then 10
Etoposide 100 mg/m? D5 mg/m? QID
L-Asparaginase 10,000 u/m? D6-8
6-Mercaptopurine 100 mg/m? OD D1-5
IT Methotrexate 15 mg D1

R2 Methotrexate 500 mg/m? D1 15 mg/m?start 24
Vincristine 1.5 mg/m? (max 2 mg) D1 at 42 & 48H of
Cytarabine 300 mg/m?2 D5 MTX, then 10
Daunorubicin 50 mg/m? D5 mg/m? QID
Ifosfamide 400 mg/m? D1-5
6-Thioguanine 50 mg/m? BD D1-5
IT Methotrexate 15 mg D1

SMILE Methotrexate 2000 mg/m? D1 30 mg/m? start 6

Ifosfamide 1500 mg/m?  D2-4
Etoposide 100 mg/m?D2-4

L-Asparaginase 6000 u/m? D8,10,12,14,16,18,20

at 30H & 36H
of MTX, then
15 mg/m? QID
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