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Background: High-dose methotrexate (HD-MTX) is widely used as a standard chemothera-

peutic agent in pediatric cancers. Most research studies have confirmed the therapeutic efficacy 

of HD-MTX; however, strategies to prevent side effects vary among institutions, especially in 

developing countries, with limited monitoring of plasma methotrexate level.

Objective: To evaluate the effect of intravenous hydration during HD-MTX administration on 

plasma methotrexate clearance in pediatric oncology patients.

Materials and methods: This study retrospectively reviewed 165 courses of HD-MTX admin-

istered to children with acute lymphoblastic leukemia (ALL), non-Hodgkin’s lymphoma (NHL), 

or osteosarcoma. Demographic data of patients were collected. Adverse complications related 

to HD-MTX and 72-hour plasma methotrexate level were analyzed between patients receiving 

intravenous hydration ≥3,000 mL/m2/day and those receiving hydration <3,000 mL/m2/day.

Results: Among 56 HD-MTX (1.5 g/m2) courses in ALL, delayed methotrexate clearance was 

only found in one course administered with hydration <3,000 mL/m2/day. However, no correlation 

was observed between adverse complications and methotrexate levels. Of 34 HD-MTX (1.5–3 

g/m2) courses in NHL, no significant correlation was observed between methotrexate levels and 

intravenous hydration. However, increased adverse complications were found in the course with 

delayed methotrexate clearance. Interestingly, among 75 HD-MTX (10–12 g/m2) courses in osteo-

sarcoma, normal methotrexate clearance was successfully achieved in all courses administered 

with hydration ≥3,000 mL/m2/day compared with those administered with hydration <3,000 mL/

m2/day (P=0.007). Furthermore, the courses administered with hydration <3,000 mL/m2/day and 

had delayed methotrexate clearance were more likely to develop adverse complications.

Conclusion: Intravenous hydration of ≥3,000 mL/m2/day during HD-MTX administration is 

essentially required in osteosarcoma and can be considered as optional in ALL with HD-MTX 

<1.5 g/m2, especially in developing countries with limited monitoring of plasma methotrexate level.

Keywords: high-dose methotrexate, hydration, children, cancer, osteosarcoma, leukemia,  

lymphoma

Introduction
Methotrexate is a chemotherapeutic agent that is practically used in cancer treat-

ment, with additional indications for autoimmune and rheumatological diseases.1,2 

A methotrexate dose of >500 mg/m2 is generally considered a high dose, for which 

careful monitoring of drug clearance and extended supportive care to prevent adverse 

complications are essentially needed.3–6 In the pediatric oncology population,  high-dose 
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methotrexate (HD-MTX) is commonly used as a part of 

treatment protocols among patients with acute lymphoblastic 

leukemia (ALL),7–9 non-Hodgkin’s lymphoma (NHL),10,11 and 

osteosarcoma,12–15 with the dose ranging from 1 to 12 g/m2. 

With the integration of HD-MTX in standard chemotherapeu-

tic regimens, the current survival rates of those patients with 

ALL, NHL, and osteosarcoma have dramatically improved 

compared with those reported previously.

Methotrexate is a synthetic folate antimetabolite and cell 

cycle specific for S phase which inhibits DNA synthesis, 

repair, and cellular replication. The action of methotrexate 

is caused by irreversible competitive inhibition of the dihy-

drofolate reductase enzyme, resulting in the interference of 

active tetrahydrofolate synthesis and later in inhibited purine 

and thymidylic acid synthesis, and thus inhibiting DNA syn-

thesis, repair, and cellular replication.16–19 Therefore, actively 

proliferative tissues are more susceptible to the effects of 

this chemotherapeutic agent. When methotrexate is used in 

a higher dose, the drug produces several serious complica-

tions. The most common adverse complications of high-dose 

treatment include mucositis or ulcerative stomatitis, hepato-

toxicity, nephrotoxicity, and bone marrow suppression, pre-

disposing to severe infection and bleeding complications.20 

An additional rare but important complication is the reaction 

of the central nervous system to methotrexate, especially 

when it is administered using an intrathecal route, including 

leukoencephalopathies and myelopathies.21

The risk of developing adverse toxicities of HD-MTX can 

be prevented by careful monitoring of plasma methotrexate 

level, aggressive intravenous hydration with alkalinization of 

urine, and concurrent use of leucovorin or folinic acid at the 

appropriate timing according to plasma methotrexate level 

nomogram.3,4 Since methotrexate can penetrate third-space 

fluids, such as pleural effusion or ascites, and exits slowly 

from these compartments as well as excretes through urine, 

delayed methotrexate clearance can cause serious adverse 

complications among patients with kidney dysfunction or 

third-space fluid accumulation or those receiving inadequate 

hydration. Evidence suggests that a less aggressive hydra-

tion regimen (1,500 mL/m2/day) was associated with higher 

plasma methotrexate levels at the end of infusion of HD-MTX 

(8 g/m2) among patients with osteosarcoma compared with 

a higher aggressive hydration regimen (2,000 mL/m2/day); 

however, there was no difference in the incidence of late 

eliminated methotrexate between the two hydration regi-

mens.22 Many of the current pediatric protocols recommend 

a higher hydration strategy during HD-MTX administration, 

with at least 2 hours of aggressive hydration of a minimum 

of 200 mL/m2 hourly or 2,400–3,600 mL/m2/day beginning 

12 hours before the start of HD-MTX and continuing for 

24–48 hours or longer;3 however, the benefits of this aggres-

sive hydration remain unclear.

Although most research studies have focused on the 

efficacy of HD-MTX in cancer treatment, only a few reports 

have described the hydration strategy in preventing adverse 

complications of this chemotherapy.22–25 The strategies for 

intravenous hydration among patients receiving HD-MTX 

vary among different institutions and treatment protocols. In 

addition, some institutions, especially in developing countries, 

have limited monitoring of plasma methotrexate level, mak-

ing the intravenous hydration management difficult, which, 

in turn, results in clinical symptoms of volume overload due 

to overhydration or HD-MTX-related toxicities due to under-

hydration. Our study aimed to evaluate the effect of intrave-

nous hydration during HD-MTX administration on plasma 

methotrexate clearance, as well as adverse complications of 

HD-MTX among pediatric oncology patients. In addition, 

potential adverse events from aggressive hydration, including 

clinical symptoms of volume overload, were also reviewed.

Patients and methods
Patient selection
Thirty-seven pediatric patients diagnosed with ALL, NHL, 

or osteosarcoma, undergoing 165 courses of HD-MTX 

containing a chemotherapy regimen at the Division of 

Hematology/Oncology, Department of Pediatrics, Phramon-

gkutklao Hospital, Bangkok, Thailand, from January 2010 

to December 2016, were retrospectively reviewed. Written 

informed consent and assent forms to review medical records 

were obtained from all participants including children and 

their parents or guardians prior to enrollment in the study. 

The study protocol was approved by the Institutional Review 

Board of Phramongkutklao Hospital and College of Medi-

cine and adhered to the ethical principles of the Declaration 

of Helsinki of 1975 and its revision. The inclusion criteria 

included patients who were diagnosed with ALL, NHL, or 

osteosarcoma, were younger than 18 years, received intrave-

nous hydration during their hospital admission for HD-MTX 

administration, and had plasma methotrexate levels measured 

at least one time point at 72 hours after the initiation of HD-

MTX. Patients who had incomplete data, including progress 

clinical summary notes during their admission for HD-MTX 

administration, HCO
3
 level assessment, and evaluation of 

urine specific gravity, and had no plasma methotrexate level 

recorded at 72 hours after initiating HD-MTX were excluded 

from the study.
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hD-MTX regimens
Patients with ALL were treated according to the Thai Pedi-

atric Oncology Group (ThaiPOG) protocols, in which treat-

ment is stratified according to risk groups. For low-risk ALL 

protocol (ThaiPOG ALL-01-05), HD-MTX is administered 

during the consolidation phase at a dose of 1.5 g/m2 over 

24 hours every 2 weeks for a total of four cycles on days 

1, 15, 29, and 43 of treatment. For high-risk ALL protocol 

(ThaiPOG ALL-02-05), HD-MTX is administered during 

the consolidation phase at a dose of 1.5 g/m2 over 24 hours 

every 2 weeks for a total of four cycles on days 29, 43, 57, 

and 71 of treatment. Patients with NHL were treated accord-

ing to the ThaiPOG protocols depending on lymphoma 

subtypes. Following mature B-cell lymphoma protocol 

(ThaiPOG NHL-04-05) for diffuse large B-cell lymphoma 

and Burkitt lymphoma, HD-MTX is administered during 

induction, consolidation, and maintenance phases at a dose 

of 3 g/m2 over 4 hours on the first day of each cycle for a 

total of five cycles. Patients with lymphoblastic lymphoma 

were treated with HD-MTX 1.5 g/m2 as in ThaiPOG ALL 

protocol. Patients with osteosarcoma are treated according 

to ThaiPOG protocol consisting of HD-MTX 10–12 g/m2 

given over 4 hours on weeks 4, 5, 9, 10, 13, 16, 19, 22, 25, 

and 28 of treatment. Regarding HD-MTX-containing che-

motherapy regimens for ALL, NHL, and osteosarcoma in 

this study, the starting dose of leucovorin (folinic acid) in all 

regimens was similar at 15 mg/m2/dose administered every 

6 hours. The timing to start leucovorin rescue in NHL and 

osteosarcoma regimens was at 24 hours after the initiation of 

HD-MTX, and the timing to start leucovorin rescue in ALL 

regimen was at 36 hours after the initiation of HD-MTX. 

All patients enrolled in this study were given intravenous 

leucovorin at the exact time point without delay. In addition, 

the dose and frequency of intravenous leucovorin (folinic 

acid) administration were adjusted according to plasma 

methotrexate nomogram.

intravenous hydration strategy
According to our institutional methotrexate administration 

and monitoring guidelines, the amount of aggressive intra-

venous hydration administered was between 2,500 and 3,500 

mL/m2/day depending on individual oncologist’s decisions 

based on patients’ clinical status at the time of HD-MTX 

administration; therefore, patients received a different exact 

amount of intravenous fluid within the instructed range 

between 2,500 and 3,500 mL/m2/day on each course of 

HD-MTX regimen. In this study, the intravenous hydration 

administrations were grouped as <3,000 and ≥3,000 mL/m2/

day. In addition, potential adverse events from aggressive 

hydration including clinical symptoms of volume overload 

were also reviewed.

Methotrexate levels and laboratory 
monitoring during hD-MTX 
administration
All patients treated with HD-MTX were carefully followed 

up according to our institutional methotrexate administration 

and monitoring guidelines including adjusting of the dose and 

monitoring the frequency of intravenous leucovorin (folinic 

acid) administration based on the methotrexate level obtained 

at different time points (plasma methotrexate nomogram). In 

addition, the bicarbonate in intravenous fluid was adjusted 

based on serial urine pH monitoring to keep urine pH between 

7 and 8 at all times. Plasma methotrexate levels collected at 

72 hours after the initiation of HD-MTX from all patients 

were reviewed and analyzed. A 72-hour methotrexate level 

of <0.1 μmol/L was considered complete methotrexate clear-

ance and a level ≥0.1 μmol/L indicated delayed methotrexate 

clearance. In addition, blood HCO
3
 and urine specific gravity 

during HD-MTX administration were reviewed and their 

average levels were used to evaluate the usefulness of serv-

ing as predictive factors for delayed methotrexate clearance.

adverse complications from hD-MTX 
administration
Adverse complications such as mucositis, bone marrow 

suppression, renal toxicity, and liver toxicity were reviewed 

among all patients during and after each course of the HD-

MTX regimen. Bone marrow suppression was defined as an 

absolute neutrophil count of <500 cell/mm3 within 3 days 

and/or platelet count of <75,000 cell/mm3 within 1 week 

after the course of HD-MTX regimen. Renal toxicity was 

defined as an elevated serum creatinine level of >2 SD of 

the upper limit of normal in the reference population of the 

same age. Liver toxicity was defined as an elevated level 

of serum aspartate aminotransferase and/or serum alanine 

aminotransferase of >2 SD of the upper limit of normal in 

the reference population of the same age.

statistical analysis
Baseline values of selected variables were calculated as 

mean and SD or as median (range) for continuous variables 

and were expressed using frequency and percentage for 

categorical variables. The chi-squared test and Fisher’s exact 

test were used to analyze the categorical variables for data 
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with a parametric distribution and nonparametric distribution, 

respectively. SPSS Version 23 Software (IBM, Armonk, NY, 

USA) was used for statistical analysis, and P-values <0.05 

were considered significant.

Results
Patient characteristics
Patient characteristics including age, gender, weight, height, 

body surface area (BSA), and length of hospital stay are 

summarized in Table 1. The patients’ age in this study was 

consistent with common age groups at the diagnosis of each 

cancer type, such as younger patients diagnosed with ALL 

Table 1 Patient characteristics

Patients (n=37) Mean ± SD Median (Min–Max)

age (years) 8.3±4.2 9 (1–14)
gender, n (%)

Male 25 (67.6)
Female 12 (32.4)

Weight (kg) 34.9±15.4 33.4 (10–84.2)
height (cm) 136.3±22.8 141.2 (80–168.1)
Bsa (m2) 1.14±0.33 1.10 (0.50–2.00)
length of stay (days) 8.3±3.9 7 (4–25)

ALL (n=18 with 56 HD-MTX courses)

age (years) 7.0±4.8 5.5 (1–14)
gender, n (%)

Male 12 (66.7)
Female 6 (33.3)

Weight (kg) 33.3±23.2 21 (10–84.2)
height (cm) 120.8±27.4 118.2 (80–165)
Bsa (m2) 1.03±0.47 0.84 (0.47–1.96)
length of stay (days) 5.9±1.7 5 (5–15)

NHL (n=7 with 34 HD-MTX courses)

age (years) 7.9±2.3 9 (5–11)
gender, n (%)

Male 6 (85.7)
Female 1 (14.3)

Weight (kg) 28.5±8.4 28.1 (18–45.7)
height (cm) 129.6±12.5 128.1 (109–146.5)
Bsa (m2) 1.01±0.19 1.01 (0.74–1.36)
length of stay (days) 9.1±4.2 9 (4–24)

Osteosarcoma (n=12 with 75 HD-MTX courses)

age (years) 11.2±2.2 12 (8–14)
gender, n (%)

Male 7 (58.3)
Female 5 (41.7)

Weight (kg) 37.6±8.5 39.5 (23.6–57)
height (cm) 148.6±12.9 153 (126–168)
Bsa (m2) 1.24±0.19 1.30 (0.91–1.57)
length of stay (days) 9.7±4.2 9 (4–25)

Note: Data are shown as mean ± sD or median (range) for continuous variables 
and number (%) for categorical variables.
Abbreviations: all, acute lymphoblastic leukemia; Bsa, body surface area;  
hD-MTX, high-dose methotrexate; nhl, non-hodgkin’s lymphoma.

and older patients diagnosed with osteosarcoma. The median 

weight, height, and BSA were appropriate for the patient’s age 

in all disease types. Males were more prominent than females 

at a ratio of 2:1. Of the 165 HD-MTX-containing chemo-

therapy regimens during the study period at our institution, 

the most common cancer-specific HD-MTX regimen was the 

osteosarcoma regimen followed by ALL and NHL regimens.

Intravenous hydration was given during each cancer-spe-

cific HD-MTX course, as shown in Table 2. The intravenous 

hydration administrations were grouped as <3,000 and ≥3,000 

mL/m2/day. Although the number of intravenous hydrations 

≥3,000 mL/m2/day given was less than hydrations <3,000 

mL/m2/day, none of the patients in both groups developed 

clinical signs or symptoms of volume overload from aggres-

sive hydration.

The correlation between plasma 
methotrexate level at 72 hours and 
associated factors in cancer-specific HD-
MTX regimens
The correlation between 72-hour plasma methotrexate levels 

and associated factors in disease-specific HD-MTX regimens 

was analyzed and is shown in Table 3. Of 56 courses of HD-

MTX regimen for ALL, elevated 72-hour plasma methotrex-

ate level of ≥0.1 μmol/L was noted in one course of treatment. 

However, this abnormally elevated methotrexate level was not 

significantly associated with any factors including patients’ 

gender, intravenous hydration, HCO
3
, urine specific gravity, 

and duration of methotrexate infusion. Adverse complica-

tions including mucositis, bone marrow suppression, and 

liver toxicity were found in 5, 5, and 1 course of HD-MTX 

treatment, respectively.

Of 34 courses of HD-MTX regimen for NHL, 14 courses 

were given with intravenous hydrations <3,000 mL/m2/day 

and the 20 remaining courses were given with intravenous 

hydrations ≥3,000 mL/m2/day. Four of 14 courses were given 

Table 2 intravenous hydration administrations in cancer-specific 
hD-MTX chemotherapy regimens

Cancer 
types

HD-MTX treatment courses (N=165)

Hydration <3,000 
mL/m2/day

Hydration ≥3,000 
mL/m2/day

all 41 15
nhl 14 20
Osteosarcoma 62 13
Total 117 48

Note: Data are shown as number for categorical variables.
Abbreviations: all, acute lymphoblastic leukemia; hD-MTX, high-dose 
methotrexate; nhl, non-hodgkin’s lymphoma.
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Table 3 The correlation between 72-hour methotrexate levels and associated factors in disease-specific HD-MTX regimens

HD-MTX 
courses

Plasma methotrexate level at 72 hours after the initiation of HD-MTX (μmol/L)

ALL NHL Osteosarcoma

<0.1 
(n=55, %)

≥0.1 
(n=1, %)

P-value
<0.1 
(n=23, %)

≥0.1 
(n=11, %)

P-value
<0.1 
(n=52, %)

≥0.1 
(n=23, %)

P-value

gender
Male 41 (74.5) 0 (0.0) 0.612 16 (69.6) 9 (81.8) 0.449 34 (65.4) 18 (78.3) 0.265
Female 14 (25.5) 1 (100.0) 7 (30.4) 2 (18.2) 18 (34.6) 5 (21.7)

hydration (ml/m2)
<3,000 40 (72.7) 1 (100.0) 1.000 10 (43.5) 4 (36.4) 0.693 39 (75.0) 23 (100.0) 0.007*

≥3,000 15 (27.3) 0 (0.0) 13 (56.5) 7 (63.6) 13 (25.0) 0 (0.0)
hCO3 (meq/l)

<24 37 (67.3) 0 (0.0) 0.245 12 (52.2) 3 (27.3) 0.171 20 (38.5) 12 (52.2) 0.317

≥24 18 (32.7) 1 (100.0) 11 (47.8) 8 (72.7) 32 (61.5) 11 (47.8)
Urine spgr

>1.010 49 (89.1) 1 (100.0) 0.442 22 (95.7) 11 (100.0) 0.483 3 (5.8) 1 (4.3) 1.000

≤1.010 6 (10.9) 0 (0.0) 1 (4.3) 0 (0.0) 49 (94.2) 22 (95.7)
Methotrexate 
duration (hours)

4 30 (54.5) 0 (0.0) 1.000 14 (60.9) 7 (63.6) 0.877 52 (100.0) 23 (100.0) n/a
24 25 (45.5) 1 (100.0) 9 (39.1) 4 (36.4) 0 (0.0) 0 (0.0)

adverse reactions
Mucositis 5 (9.1) 0 (0.0) n/a 3 (13.0) 5 (45.5) n/a 0 (0.0) 2 (8.7) n/a
BM suppression 5 (9.1) 0 (0.0) n/a 3 (13.0) 3 (27.3) n/a 1 (1.9) 0 (0.0) n/a
Renal toxicity 0 (0.0) 0 (0.0) n/a 0 (0.0) 1 (9.1) n/a 0 (0.0) 0 (0.0) n/a
liver toxicity 1 (1.8) 0 (0.0) n/a 1 (4.3) 1 (9.1) n/a 8 (15.4) 6 (26.1) n/a

Notes: Data are shown as number (%). P-value was obtained from chi-squared test for data with a parametric distribution and Fisher’s exact test for nonparametric 
distribution. *P-value <0.05 is statistically significant.
Abbreviations: ALL, acute lymphoblastic leukemia; BM, bone marrow; HD-MTX, high-dose methotrexate; N/A, not available; NHL, non-Hodgkin’s lymphoma; spgr, specific 
gravity.

at <3,000 mL/m2/day hydration, and seven of 20 courses were 

given at ≥3,000 mL/m2/day hydration and were associated 

with an elevated 72-hour plasma methotrexate level of ≥0.1 

μmol/L; however, the above association between different 

intravenous hydrations and 72-hour plasma methotrexate 

levels was not statistically significant. In addition, the cor-

relation between 72-hour plasma methotrexate levels and 

other associated factors including patients’ gender, HCO
3
, 

urine specific gravity, and duration of methotrexate infusion 

was analyzed and revealed no statistical significance. Of note, 

adverse complications were found more in courses having 

elevated 72-hour plasma methotrexate levels ≥0.1 μmol/L 

(mucositis [45.5%], bone marrow suppression [27.3%], renal 

toxicity [9.1%], and liver toxicity [9.1%]) than courses having 

72-hour plasma methotrexate levels <0.1 μmol/L (mucositis 

[13.0%], bone marrow suppression [13.0%], renal toxicity 

[0%], and liver toxicity [4.3%]).

Of 75 HD-MTX courses for osteosarcoma, 62 courses 

were given with intravenous hydrations <3,000 mL/m2/

day and the 13 remaining courses were given with intra-

venous hydrations ≥3,000 mL/m2/day. Twenty-three of 62 

courses (59.0%) given with <3,000 mL/m2/day hydration 

were associated with elevated 72-hour plasma methotrex-

ate levels ≥0.1 μmol/L. Interestingly, none of the HD-MTX 

courses given with ≥3,000 mL/m2/day hydration had elevated 

72-hour plasma methotrexate levels (Figure 1). The above 

association between intravenous hydration and 72-hour 

plasma methotrexate levels was significant with a P-value of 

0.007. In addition, the association between 72-hour plasma 

methotrexate levels and other associated factors including 

patients’ gender, HCO
3
, and urine specific gravity was ana-

lyzed and revealed no statistical significance. Similar to NHL, 

adverse complications were found more often in courses 

having elevated 72-hour plasma methotrexate levels ≥0.1 

μmol/L (mucositis [8.7%] and liver toxicity [26.1%]) than 

in courses having 72-hour plasma methotrexate levels <0.1 

μmol/L (mucositis [0%], bone marrow suppression [1.9%], 

and liver toxicity [15.4%]).

Discussion
HD-MTX has been widely used as a key element in treat-

ing various cancer types. In childhood malignancies, this 
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agent has been added to standard chemotherapeutic regi-

mens for ALL, NHL, and osteosarcoma, and the outcomes 

of these cancer types have been dramatically improved 

compared with the pre-HD-MTX era.7,8,10–13 Methotrexate 

is a cell cycle-specific chemotherapeutic agent and can be 

administered by infusion over few hours or continuous drip 

over 24 hours.17,26 The adverse complications of HD-MTX 

administration have been well recognized, such as various 

degrees of mucositis, bone marrow suppression, and renal 

and liver toxicities. Several methods have been introduced 

to prevent these complications, including the use of leu-

covorin in HD-MTX-containing regimens and the plasma 

methotrexate level-monitoring guidelines to optimize the 

dose and frequency of administered leucovorin. Aggressive 

hydration is another method used in HD-MTX regimens, 

but the optimal amount of intravenous hydration required 

to prevent its adverse complications remains unclear. Most 

research studies have mainly focused on the efficacy of 

the HD-MTX-containing regimens in cancer treatment; 

however, only a few of these have specifically looked at 

the safety of this chemotherapeutic agent and especially 

the method to prevent associated adverse complications. 

Herein, we have conducted a study specifically focusing 

on the most effective use of the intravenous strategy dur-

ing HD-MTX administration, especially for institutions in 

developing countries with limited access to monitoring of 

plasma methotrexate level.

Thirty-seven pediatric oncology patients undergoing 

165 courses of HD-MTX-containing chemotherapeutic 

regimens at Phramongkutklao Hospital were retrospec-

tively reviewed. The patients were diagnosed with various 

cancer types requiring HD-MTX in their standard chemo-

therapeutic treatment regimens, including ALL, NHL, and 

osteosarcoma. All patients were given differing amounts 

of aggressive hydration and had plasma methotrexate level 

monitored. Important data were collected and analyzed, 

including 72-hour plasma methotrexate level, amounts of 

intravenous hydration, HCO
3
 level, urine specific gravity, 

and duration of methotrexate infusion (4 vs 24 hours). The 

intravenous hydrations were administered between 2,400 

and 3,600 mL/m2/day according to the recommendation 

from current pediatric protocols and were grouped and 

divided as <3,000 and ≥3,000 mL/m2/day.

In our study, patients with ALL tended to tolerate HD-

MTX better than patients with NHL and osteosarcoma. Almost 

all patients with ALL had 72-hour plasma methotrexate levels 

<0.1 μmol/L consistent with complete clearance of HD-MTX. 

Only one patient presented a 72-hour plasma methotrexate 

level ≥0.1 μmol/L; however, the elevation of methotrexate 

level was not significantly correlated with patients’ gender, 

amount of intravenous hydration, HCO
3
, urine specific grav-

ity, or duration of methotrexate infusion. In addition, this 

patient did not experience adverse complications from delayed 

methotrexate clearance. One possible explanation could be 

that the dose of HD-MTX in ALL protocols (1.5 g/m2) being 

lower than NHL and osteosarcoma protocols (3–12 g/m2) more 

easily caused the drug clearance among patients with ALL 

than among those with NHL and osteosarcoma. Although one-

third of the patients with NHL experienced delayed clearance 

of HD-MTX, we could not identify a significant correlation 

between elevated 72-hour plasma methotrexate levels and 

other associated factors comprising patients’ gender, amount 

of intravenous hydration, HCO
3
, urine specific gravity, or 

duration of methotrexate infusion. Although our observation 

was not able to identify predictive factors for delayed metho-

trexate clearance, it revealed increased numbers of adverse 

complications including mucositis, bone marrow suppression, 

and renal toxicity among those patients experiencing delayed 

clearance of HD-MTX. This finding indicated the importance 

of monitoring plasma methotrexate levels among patients with 

NHL receiving HD-MTX regimen. All HD-MTX courses 

following osteosarcoma protocols were infused over 4 hours. 

The dose of HD-MTX was also noted to be higher than ALL 

and NHL protocols. Thirty percent of HD-MTX courses in 

osteosarcoma were associated with delayed methotrexate 

clearance. Interestingly, we found a significant association 

between intravenous hydration of <3,000 mL/m2/day and 

M
TX

 le
ve

ls
 (μ

m
ol

/L
)

Intravenous hydration (mL/m2/day)

Figure 1 The effect of intravenous hydration on 72-hour plasma methotrexate 
levels (μmol/l) in osteosarcoma patients.
Notes: Data in the graph are shown as dot plots. One dot plot represents one 
course of hD-MTX administration in osteosarcoma protocol.
Abbreviation: MTX, methotrexate.
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delayed methotrexate clearance. This finding indicated the 

importance of aggressive hydration ≥3,000 mL/m2/day in 

the HD-MTX course following osteosarcoma protocols. 

Furthermore, our observation again revealed the increased 

numbers of adverse complications, including mucositis and 

liver toxicity, among patients experiencing delayed clearance 

of HD-MTX. This observational finding also addressed the 

need to monitor plasma methotrexate levels among patients 

with osteosarcoma receiving HD-MTX regimens. Of note, 

no differences were observed in toxicities related to the tim-

ing in starting leucovorin rescue. Five (8.9%) patients who 

developed mucositis and five (8.9%) patients who experienced 

bone marrow suppression received ALL regimen (leucovorin 

started at 36 hours). However, 10 (9.1%) patients and 7 (6.4%) 

patients receiving NHL or osteosarcoma regimen (leucovorin 

started at 24 hours) developed mucositis and bone marrow 

suppression, respectively.

One limitation was that our study employed a retrospec-

tive design with a small sample size and the possibility 

of having other unknown confounding factors; therefore, 

a future randomized study enrolling a larger sample size 

might be of greater interest to affirm the usefulness of 

aggressive intravenous hydration among patients receiving 

HD-MTX regimens.

In summary, our study emphasized the requirement of 

aggressive intravenous hydration ≥3,000 mL/m2/day during 

HD-MTX administration following osteosarcoma protocols 

to achieve complete clearance of HD-MTX. In patients with 

osteosarcoma, aggressive hydration ≥3,000 mL/m2/day is 

highly essential. Moreover, this amount of fluid hydration 

is strongly recommended in institutions where plasma 

methotrexate levels are not available or results are not 

provided on the same day. No adverse complications were 

noted following ALL protocols with HD-MTX 1.5 g/m2. 

In addition, the administration of HD-MTX at this dose or 

lower might not require aggressive hydration ≥3,000 mL/

m2/day as well as monitoring of plasma methotrexate level. 

None of the patients receiving aggressive hydration ≥3,000 

mL/m2/day experienced signs or symptoms of volume 

overload; therefore, for all patients receiving this higher 

regime to increase the safety of HD-MTX administration 

would be more sensible.
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