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 Background: Methotrexate (MTX) is an effective drug for the treatment of adult malignancies, but toxicity remains a sig-
nificant problem. Toxic reactions may occur when patients use high-dose MTX (HD-MTX), but the correlation 
between its toxicity and concentration in adults is controversial. The purpose of this study was to examine 
the relationship between MTX concentration and renal function, as well as to assess toxic reactions to MTX in 
Chinese adults with acute lymphoblastic leukemia (ALL) and non-Hodgkin lymphoma (NHL).

 Material/Methods: This retrospective study enrolled 97 patients who had been diagnosed with ALL or NHL, and who were treated 
at the Hemopathology Department of Shanghai Changhai Hospital from January 2015 to June 2016.

 Results: Forty-one (27.5%) episodes of elimination delay were observed. We found negative correlations between cre-
atinine clearance rate before MTX infusion and the plasma concentrations of MTX at 36 h after MTX infusion 
(P=0.005). The serum creatinine at 48 h and plasma concentrations of MTX at 48 h and72 h were significantly 
and positively correlated (both p=0.000). High blood concentration of MTX was positively associated with neph-
rotoxicity > grade 1 (P<0.01). Infection > grade 1 was more likely to occur if a patient had high MTX levels at 
36 h, 48 h, and 72 h (P<0.01).

 Conclusions: Our results show that renal function is associated with MTX concentration, and high MTX concentration can 
predict the occurrence of renal toxicity and infection related to MTX.
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Background

Methotrexate (MTX) is an antimetabolite that disturbs the 
metabolism of folic acid. MTX is widely used in the treatment 
of various neoplastic diseases [1,2]. Doses of 500 mg/m2 or 
higher are defined as high-dose methotrexate (HD-MTX). 
Higher doses are often more effective than lower doses, but 
can cause significant toxicity, which includes nephrotoxicity, 
hepatotoxicity, gastrointestinal mucositis, bone marrow sup-
pression, and neurotoxicity [3–5]. It is reported that the inci-
dence rate of reversible chemical hepatitis is up to 60% and 
25% have hyperbilirubinemia [6]. Oral mucositis is a dose-lim-
iting of HD-MTX; grade IV mucositis is related to infections, 
extension of chemotherapy regimens, and even death [7]. In 
contrast to other antineoplastic drugs, the cytotoxic effects of 
MTX can be partially antagonized by leucovorin (LV), which al-
lows use of high-dose intravenous MTX up to 33.6 g/m2 [8,9]. 
Despite appropriate supportive care measures during adminis-
tration of HD-MTX, acute kidney injury (AKI) develops in 2–12% 
of patients [10], so renal toxicity is a particular concern [11]. 
For instance, the probability of renal injury in patients with 
lymphoma who receive HD-MTX therapy is 9.1%, and the prob-
ability of renal damage due to sarcomas is only 1.5% [12,13].

MTX concentrations >1 µmol/L at approximately 48 h or 
>0.1 µmol/L at 72 h are defined as MTX elimination delay [14,15], 
and delayed MTX elimination after administration of HD-MTX 
remains an important problem. Therefore, serum MTX concen-
tration monitoring is still a standard approach for identifying 
patients at high risk of developing toxicity. Unfortunately, there 
is little research on MTX concentration and renal function, and 
the relationship between MTX concentration and the toxicity 
due to MTX is controversial in Chinese adults with ALL and 
NHL. Monitoring of plasma concentrations of MTX is difficult 
to perform in some resource-constrained settings. Therefore, 
we performed the present retrospective analysis to explore 
the association between MTX concentration and its toxici-
ties in patients with hematological malignancy, as well as to 
investigate the association between renal function and MTX 
elimination, which be useful in clinical practice to prevent se-
vere adverse events.

Material and Methods

Materials

We enrolled 97 people ³18 years old who were diagnosed with 
ALL or NHL in our hospital from January 2015 to June 2016, 
after informed consent was obtained. The study was approved 
by the Medical Ethics Committee of Changhai Hospital of the 
Second Military Medical University. A total of 149 courses 
of MTX were administered, and the median age of included 

patients was 40.87 years. The study patients had to have a 
leukocyte count (WBC) ³4.0×109/L, absolute neutrophil count 
(ANC) ³2.0×109/L, and blood platelet count (PLT) ³100×109/L, 
with normal liver and kidney function. During HD-MTX che-
motherapy, they were all in full remission.

MTX administration and measurements of plasma MTX 
concentration

First 10% of HD-MTX was given over the first 30 min and 90% 
was given over the next 23.5 h. After 36 h of MTX infusion, it is 
recommend use leucovorin (LV) for rescue, the rescue dosage 
depending on the concentration of MTX until the plasma con-
centration of MTX reaches <0.1 µmol/L, and a fluorescent po-
larization immunoassay is used to measure the MTX concen-
trations at 24, 36, 48, 72, and 96 h. Patients who have MTX 
elimination delay should be continuously monitored for MTX 
concentrations until they reach <0.1 µmol/L.

Toxicity evaluation

HD-MTX-related toxicity was assessed. According to the World 
Health Organization adverse effect grading system, the group 
that had an adverse reaction (AE) was compared with those 
without an AE. The incidence of diarrhea, renal toxicity, hepa-
totoxicity, and infection after HD-MTX therapy were compared 
between the 1–3 g/m2 group and the 3–5 g/m2 group, and 
the between the groups with and without elimination delay.

CF rescuing regimen

We defined the severity based on the MTX concentration, and 
MTX concentration between 1 µmol/L and 10 µmol/L was de-
fined as low severity in adults, MTX concentration between 
10 µmol/L and 100 µmol/L was defined as moderate severity 
adults, and MTX concentration greater than 100 µmol/L was 
defined as high severity in adults. At 36 h after MTX adminis-
tration, LV rescue was started with either 15 mg/m2 for the low-
severity adults or 30 mg/m2 for the moderate- and high-severity 
adults. LV was stopped when the plasma MTX concentration 
was <0.1 µmol/L. For patients with metabolic delay, the rescue 
dose was be increased depending on the MTX concentration.

Assessment of renal function

The following formula was used to calculate the creatinine clear-
ance rate (CCr): Ccr (ml/min)=[(140-age) ×weight (kg)]/[0.818×Cr 
(umol/L)] (for women, the calculation used 0.85)

Adverse events (AEs)

In summary, we assessed the adverse events (AEs) grade ³1, 
and hematological toxicity and CNS toxicity were excluded in 
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our study because almost all (>99%) patients appeared to have 
neutropenia and we failed to find any CNS toxicity in our study.

Statistics analysis

The continuous variables are expressed as means and stan-
dard deviation (SD) or median. The comparisons of patients’ 
demographic features and creatinine metabolism parameters 
between normal and delayed MTX elimination groups were 
performed by Mann-Whitney U test. Categorical variables are 
expressed as numbers and percentages. Spearman correla-
tion coefficient was used to estimate the correlation between 
2 variables. Spearman’s rank correlation analysis was used to 
calculate the creatinine metabolism parameters and serum 
MTX concentrations. We compared differences between pa-
tients with an adverse event (AE) versus those without an AE 
by Wilcoxon’s rank sum test.

All date assessments were double-tailed and p£0.05 was con-
sidered statistically significant. SPSS 19.0 statistical software 
was used for statistical analysis.

Results

A total of 149 courses of MTX infusion were enrolled in this 
study. For dosages, we defined 1–3 g MTX/m2 as the low-
dose group and 3–5 g/m2 as the high-dose group. There 
were 89 courses of 1–3 g MTX/m2 and 60 courses of 3–5 g 
MTX/m2. Forty-one episodes of elimination delay were ob-
served, accounting for 27.5% of total courses.

There were no statistically significant differences in body 
height, body weight, age, body surface area (BSA), Cr concen-
trations before MTX infusion, Cr concentrations at 48 h, CCr 
before MTX infusion, and CCr at 48 h between group B and 
group A. Cr concentrations before MTX infusion and after 48-h 
MTX infusion were significantly higher in the delayed elimi-
nation group compared with the normal group (P=0.003 and 
P=0.000, respectively).

The CCr at 48 h was significantly higher in the normal elim-
ination group compared with the delayed elimination group 
(P=0.001). There was no significant difference in the rest of 
the parameters between the 2 groups (Table 1).

We found that MTX concentration in the high-dose group is 
more likely to be associated with MTX metabolic delay (Table 2).

After comparing the demographic features and some potential 
characteristics that may be correlated with MTX elimination, 
including height, weight, age, body surface area (BSA), and 
Cr and CCr levels, we found no difference between the low-
dose group and the high-dose group in terms of patient de-
mographic characteristics. However, patients with MTX clear-
ance delay showed higher serum creatinine concentrations at 
0 h and 48 h, and a more severe CCr decrease at 48 h. There 
was also a significant difference between the normal elimi-
nation and delayed elimination according to height, weight, 
and BSA. The relationship between plasma MTX concentration 
and toxicities induced by MTX, including renal toxicity, hepa-
totoxicity, stomatitis, and infection, was statistically analyzed 

Characteristic
Overall
N=149

MTX dose*
P 

value

MTX elimination#

P 
valueGroup A N=89

Group B
N=60

 Normal
N= 108

Delayed
N=41

Body height (cm) 167.6±8.2 167.20±8.74 168.17±7.35 0.396 166.50±8.06 170.46±7.93 0.006

Body weight (kg) 62.6±14.9 62.68±16.04 62.43±13.09 0.949 60.81±15.04 67.26±13.54 0.005

Age (years) 40.9±15.8 42.55±17.04 38.37±13.59 0.108 45.00±16.10 39.30±15.51 0.071

BSA (m2) 1.8±1.2 1.79±0.23 1.79±0.19 0.804 1.76±0.21 1.86±0.19 0.002

Cr (μmol/L), 0 h 57.7±30.4 55.73±19.04 60.62±41.99 0.845 52.37±17.78 71.66±47.94 0.003

Cr (μmol/L), 48 h 69.5±55.5 66.79±44.47 73.59±73.59 0.550 53.95±18.21 111.55±90.76 0.000

CCr (mL/min), 0 h 135.7±49.6 136.73±50.87 140.06±47.36 0.386 139.60±43.54 125.55±15.51 0.083

CCr (mL/min), 48 h 127.0±50.3 125.80±51.84 129.06±48.41 0.405 138.20±45.26 96.73±51.42 0.000

Table 1. Comparison of patients, characteristics by methotrexate (MTX) dose and by MTX elimination status.

Comparison of patients, characteristics by methotrexate (MTX) dose and by MTX elimination status; Data are presented as 
mean ± standard deviation. BSA – body surface area; CCr – creatinine clearance rate; MTX – methotrexate; Cr – serum creatinine 
concentration; * Group A=1–3 g/m2 MTX, group B=3–5 g/m2 MTX. # Delayed elimination of MTX was indicated by plasma MTX 
concentrations ³1.0 μmol/L at 48 hours or ³0.1 μmol/L at 72 hours.
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Group No. of courses
MTX concentration at 48 hr MTX concentration at 72 hr

Mean ±SD Median (Min, Max) Mean ±SD Median (Min, Max)

Low dosage 89  0.85±0.24  0.15 (0.00, 16.50)  0.27±0.91  0.03 (0.00, 5.40)

High dosage 60  2.5±0.72  0.32 (0.00, 29.42)  0.92±0.35  0.08 (0.00,16.97)

Table 2. Summary of high plasma MTX concentrations at 48 and 72 hr after MTX dosing.

Adverse event (number of patients)
P value

Without AE (N=131) With AE (N=18)

Hepatic toxicity > grade 1

 24 h  41.94 (6.98, 337.60)  31.99 (12.02, 128.90) 0.276

 36 h  4.24 (0.10, 46.68)  2.76 (0.22, 9.66) 0.804

 48 h  1.62 (0.00, 29.42)  0.80 (0.03, 4.45) 0.271

 72 h  0.59 (0.00, 16.97)  0.17 (0.00, 0.73) 0.199

 96 h  0.28 (0, 6.60)  0.05 (0.00, 0.39) 0.921

Adverse event (number of patients)
P value

Without AE (N=137) With AE (N=12)

Nephrotoxicity > grade 1

 24 h  45.91 (7.11, 337.60)  30.18 (6.98, 139.20) 0.070

 36 h  4.13 (0.11, 32.76)  3.93 (0.10, 46.68) 0.001

 48 h  1.32 (0.00, 19.94)  1.93 (0.00, 29.42) 0.000

 72 h  0.39 (0.00, 6.32)  0.83 (0.00, 16.97) 0.014

 96 h  0.19 (0.00, 3.89)  0.38 (0.00, 6.60) 0.139

Adverse event (number of patients)
P value

Without AE (N=124) With AE (N=25)

Oral mucositis > grade 1

 24 h  41.96 (6.98, 337.60)  34.69 (10.30, 99.75) 0.541

 36 h  4.11 (0.15, 32.76)  3.84 (0.10, 46.68) 0.247

 48 h  1.46 (0.00, 19.94)  1.84 (0.00, 29.42) 0.623

 72 h  0.48 (0.00, 8.50)  0.81 (0.00, 16.97) 0.627

 96 h  0.24 (0.00, 5.40)  0.33 (0.00, 6.60) 0.755

Adverse event (number of patients)
P value

Without AE (N=100) With AE (N=49)

Infection > grade 1

 24 h  45.91 (7.11, 337.60)  30.18 (6.98, 139.20) 0.070

 36 h  4.13 (0.11, 32.76)  3.93 (0.10, 46.68) 0.010

 48 h  1.32 (0.00, 19.94)  1.93 (0.00, 29.42) 0.000

 72 h  0.39 (0.00, 6.32)  0.83 (0.00, 16.97) 0.014

 96 h  0.19 (0.00, 3.89)  0.38 (0.00, 6.60) 0.139

Table 3.  The correlation between the plasma MTX concentration and MTX-related toxicities that include nephrotoxicity, hepatic 
toxicity, stomatitis, and infection.
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to find which toxicity is associated with blood-drug concen-
tration of MTX (Table 3).

We found that nephrotoxicity > grade 1 and MTX concentration 
were significantly correlated. Infection > grade 1 was more likely 
to occur if a patient had high MTX levels at 36 h, 48 h, and 72 h, 
but hepatic toxicity and oral mucositis had no correlations with 
MTX levels. As show in Figure 1, there was no significant corre-
lation between MTX concentrations at 24 h and Cr concentra-
tions or CCr before MTX infusion (Figure 1A, 1B) (P=0.333 and 
P=0.184, respectively). The MTX concentrations at 36 h and Cr 
concentrations before MTX infusion were significantly and pos-
itively correlated (Figure 1C) (P=0.001) and the CCr level be-
fore MTX infusion and the plasma MTX concentration at 36 h 
were negatively correlated (Figure 1D) (P=0.005).

The results indicate that renal function before MTX infusion can 
be used to calculate the MTX concentrations at 36 h, meaning 
that MTX concentrations at 36 h can reflect the MTX metabolism 
status. The correlation between Cr at 48 h and concentration 
of MTX was significantly and positively correlated (P=0.000 
and P=0.000, respectively) (Figure 2A, 2B). There was a signif-
icant negative correlation between the CCr level at 48 h and 
the plasma MTX concentrations at 48 h and 72 h (P=0.000 and 
P=0.000, respectively) (Figure 2C, 2D). MTX concentrations at 
48 h and 72 h were also a significantly and positively corre-
lated (Figure 2E).
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Figure 1.  (A) MTX concentrations at 24 h and Cr concentrations. (B) MTX concentrations at 24 h and CCr before MTX infusion. 
(C) MTX concentrations at 36 h and Cr concentrations before MTX infusion. (D) CCr before MTX infusion and plasma MTX 
concentration at 36 h.

7723
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Yang Y. et al.: 
Renal function and plasma methotrexate concentrations predict toxicities…
© Med Sci Monit, 2018; 24: 7719-7726

CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



Figure 2.  (A) Cr at 48 h and MTX concentrations at 48 h. (B) Cr at 48 h and MTX concentrations at 72 h. (C) CCr at 48 h and the plasma 
MTX concentration at 48 h. (D) CCr at 48 h and the plasma MTX concentration at 72 h. (E) MTX concentrations at 48 h 
and 72 h.
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Discussion

HD-MTX treatment of adult malignant tumors is not evidence-
based, and the treatment plan mainly relies on the doctor’s 
experience. Much previous research has focused on assessing 
the relationship between the polymorphisms of MTX and MTX-
related toxicities, but it is still difficult to use the patient’s 
genotype to predict MTX toxicity and to correctly adjust the 
dosage [16,17].

We found that kidney function is good predictor of MTX tox-
icity because the kidneys are the main pathway for MTX elim-
ination, and approximately 70–90% of MTX is excreted un-
changed from urine [18]. The relationship between serum MTX 
concentration and creatinine clearance is controversial. Hempel 
et al. [19] found that MTX concentration was negatively asso-
ciated with CCr level, which agrees with the present findings. 
However, Evans et al. [20] and Joannon et al. [21] reported that 
MTX concentrations have no relationship with CCr, but these 
studies were performed in children, not adults.

Our study shows a positive correlation between kidney func-
tion and MTX concentration in adults, and the Cr and CCr levels 
at 48 h after MTX infusion are positively correlated with MTX 
concentration. Our results revealed that MTX concentration and 
nephrotoxicity were significantly and high plasma MTX levels 
can induced nephrotoxicity. Using serum creatinine and CCr 
levels, clinicians can evaluate the MTX elimination status be-
fore the MTX concentration report is available and could help 
to enhance alkalization and hydration as early as possible. Our 
results also suggest that the blood concentration of MTX can 
predict whether MTX will induce infection, so clinicians could 
prophylactically administer antibiotics in advance based on 
MTX concentration.

Acute kidney injury (AKI) develops in 2–12% of patients [22]. 
Our results suggest that the incidence rate of nephrotoxicity 
was 8.05% in our study (12/149 courses). It is unrealistic to 
monitor blood drug concentration of MTX, but regular mea-
surement of renal function is feasible.

This study has certain limitations. First of all, it is limited by the 
relatively small number of patients included. Secondly, we did 
not consider the effect of homogeneity of disease severity on 
the results and this may have influenced the results. Thirdly, 
we did not consider hydration, alkalinization, or the frequency 
of chemotherapy. Therefore, our findings require replication in 
a study involving a larger cohort of patients and considering 
the possible factors what we described above. The predictors 
mentioned above may sometimes be more useful than regular 
measurement of MTX concentrations, which is difficult. Clearly, 
further studies are needed to confirm our results, but we be-
lieve our results are reliable and of clinical value.

Conclusions

Our results show that renal function is associated with MTX 
concentrations and the occurrence of renal toxicity and infec-
tion can be predicted when MTX concentration is high during 
HD-MTX in Chinese adult with ALL or NHL.
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