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Background: Acute kidney injury (AKI) is a serious complication following high-dose methotrexate (HD-MTX) treatment, despite 
established preventive measures. This study presents a case report and a retrospective review of patients treated with HD-MTX, aiming 
to identify risk factors for AKI and propose a modified treatment protocol.
Methods: We report a case of a 43-year-old man with diffuse large B-cell lymphoma who developed severe AKI after HD-MTX 
therapy. Additionally, a retrospective review of 70 patients receiving HD-MTX at our institution was conducted to identify predictors 
of AKI. Serum methotrexate levels were analyzed to determine their significance in predicting AKI.
Results: The index patient developed methotrexate intoxication and severe AKI despite receiving standard prophylactic measures, 
requiring temporary hemodialysis. The retrospective review identified serum methotrexate levels as a significant predictor of AKI (OR 
11.84, 95% CI: 2.62–53.53, p = 0.001). Higher initial serum methotrexate levels correlated with the development of AKI.
Conclusion: Timely measurement of serum methotrexate levels is crucial in managing and preventing AKI in patients undergoing 
HD-MTX therapy. Based on our findings, we propose a modified HD-MTX treatment protocol to reduce the incidence of AKI. This 
includes earlier serum methotrexate level monitoring and adjustments in urine alkalization and leucovorin dosing strategies.
Keywords: methotrexate, acute kidney injury

Introduction
Methotrexate (MTX), an antifolate metabolite, is widely used for malignant diseases. High-dose MTX (HD-MTX), 
defined as a dose higher than 500 mg/m2, is used to treat acute leukemia, osteosarcoma, and non-Hodgkin lymphoma, 
especially in the central nervous system (CNS). MTX induces cell death by inhibiting dihydrofolate reductase (DHFR), 
a critical enzyme catalyzing the conversion of dihydrofolate to tetrahydrofolate.1 HD-MTX may cause side effects 
including acute kidney injury (AKI) (2–12%), mucositis (10–30%), chemical hepatitis (up to 60%), high-grade myelo
suppression (5–10%), and neurotoxicity (15%).1,2 Because approximately 90% of MTX is eliminated through the kidney, 
the development of AKI significantly reduces MTX clearance and potentiates the severity of other side effects.3 As 
a result, prevention of AKI in patients receiving MTX is essential. The principal mechanisms of MTX-induced AKI are 
crystal nephropathy and direct tubular injury.4,5 Timely measurement of serum MTX level, urine alkalization to increase 
urinary MTX solubility, avoidance of drugs interfering with MTX elimination, fluid administration to augment urinary 
flow, and third space fluid removal are the keys to prevention of MTX-induced AKI.6 In addition, leucovorin, an active 
metabolite of folic acid, is commonly used to reduce MTX toxicities.3
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We present a case of severe AKI after HD-MTX for the treatment of CNS lymphoma. Hemodialysis was instituted for 
severe MTX intoxication because glucarpidase was not available. The patient recovered well after treatment. We also 
reviewed 70 patients who received HD-MTX at our institution. Possible predictors of AKI and potential preventive 
strategies are discussed.

Methods
A retrospective review of patients receiving HD-MTX was conducted at NTUH. The study included patients treated with 
HD-MTX between May 1st, 2017, and December 31st, 2019. The Institutional Review Board at NTUH approved the 
study (201910088RINA). The informed consent was waived because of the retrospective nature of this study and all 
patient identification was removed. This study was conducted in accordance with the Declaration of Helsinki. Data were 
collected from medical records, including patient demographics, baseline characteristics, laboratory results, treatment 
protocols, and outcomes. AKI was defined as the detection of SCr higher than the upper limit of normal according to 
Common Terminology Criteria for Adverse Events (CTCAE). Continuous data are described as mean±standard devia
tion, and categorical data are described as number with percentage. The independent t-test is used to assess continuous 
data, while either a Chi-square or Fisher’s exact test is used to assess categorical data. A multivariate logistic regression 
model is constructed to identify risk factors associated with AKI. Odds ratios and 95% CI were calculated. Statistical 
significance is accepted at p ≤ 0.05. All statistical analyses will be performed using IBM SPSS (version 29.0, IBM Corp., 
New York, NY, USA).

Results
A 43-year-old man with hypertension, dyslipidemia, and diabetes mellitus, presented to the emergency department with 
a headache and vomiting for one month. The patient was taking metformin, pioglitazone, pitavastatin, and amlodipine for 
the above medical conditions. Magnetic resonance imaging of the brain revealed a well-defined mass, measuring 
6x6x4.5 cm in the right temporal-occipital lobe, with prominent mass effects. Emergent craniotomy and tumor resection 
were performed. Histologic examination of the tumor showed diffuse large B-cell lymphoma (DLBCL). Positron 
emission tomography for staging revealed hypermetabolism restricted to the post-operative right temporal-occipital 
region. The diagnosis of primary CNS DLBCL was made.

The patient underwent adjuvant chemotherapy with HD-MTX. On examination before chemotherapy, the patient was 
alert and fully oriented. There were no neurological deficits after the surgery. The blood pressure was 151/95 mmHg. The 
weight was 117.8 kg, the height was 188.0 cm, and the body mass index was 33.3. The patient was euvolemic, and the 
remainder of the examination was unremarkable. No third space fluid accumulation, such as pleural effusion or ascites, 
was noted. Serum creatinine (Scr) level was 0.8 mg/dL, and urine pH was not measured before chemotherapy. He did not 
receive any medication that has known significant interaction with MTX. The patient was deemed as low risk for AKI 
after MTX treatment. According to the HD-MTX protocol at National Taiwan University Hospital (NTUH), the patient 
received an infusion of MTX at 4000 mg/m2 (9000 mg according to adjusted body surface area) for 12 hours on Day 1 
(Figure 1). Hydration and urine alkalization were instituted (33.2 mEq sodium bicarbonate in 1000 mL 0.9% saline every 
24 hours). Leucovorin infusion (100 mg every 6 hours) was initiated on Day 3.

On Day 4, surveillance blood tests showed severe AKI (Scr level increased from 0.8 mg/dL to 8.8 mg/dL) and 
a surprisingly high serum MTX level (40.61 μmol/L). Anuria developed despite the placement of a urinary catheter. The 
patient was at a slightly hypervolemic fluid status based on weight gain (from 117.8 kg at admission to 119 kg). Renal 
sonography showed bilaterally enlarged kidneys without hydronephrosis. Transient gross hematuria developed. 
Urinalysis showed proteinuria, glucosuria, and hematuria without dysmorphic red blood cells or casts. Severe AKI 
due to MTX intoxication was suspected. Because the patient had anuric AKI and glucarpidase was unavailable at NTUH, 
hemodialysis was promptly initiated on Day 4 within 6 hours of diagnosis of MTX intoxication to enhance elimination. 
Hemodialysis was performed for 4 hours at a blood flow rate of 250 mL/min and a dialysate flow rate of 500 mL/min 
with a high-flux dialyzer. The leucovorin dose was increased to 200 mg every 6 hours.

After the first hemodialysis session, serum MTX level decreased to 14.74 μmol/L. Urine output increased to 1920 mL 
per day after two consecutive daily hemodialysis treatments. He received an additional nine sessions of hemodialysis 
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treatment until Scr and serum MTX levels decreased to 5.7 mg/dL and 2.17 μmol/L, respectively. In addition to severe 
AKI, the patient developed severe pancytopenia (absolute neutrophil count < 500/μL, platelet count < 1x104/μL, and 
hemoglobulin < 7.0 g/dL), hepatitis [alanine transaminase level up to 316 U/L (7.7 times of the upper normal limit), 
aspartate transaminase level up to 156 U/L (5.0 times of the upper normal limit)], and gastrointestinal toxicity (nausea 
and decreased appetite). These adverse events were likely attributable to MTX intoxication. His condition improved 
gradually under supportive care. The patient was discharged at an independent performance status five weeks after HD- 
MTX chemotherapy. Before discharge, his Scr level decreased to 1.3 mg/dL without hemodialysis. Serial changes in 
serum MTX and Scr levels were summarized in Figure 2. After discharge, the Scr levels were stable at around 1.3 to 
1.4 mg/dL during a three-month follow-up at the outpatient clinic.

This patient’s unexpected severe adverse events prompted joint discussions among hematologists, nephrologists, and 
pharmacists on preventing future MTX intoxication. Severe AKI was considered the most crucial factor contributing to 
MTX intoxication in this patient. We retrospectively reviewed 70 patients treated by HD-MTX between May 1st, 2017 to 
December 31st, 2019, at NTUH and analyzed the risk factors for AKI. Among the 70 patients, 15 (21.4%) developed 
AKI (Table 1). Compared with patients without AKI, patients with AKI had significantly lower serum albumin levels. 
The mean estimated glomerular filtration rate was lower, and the proportion of chronic kidney disease was higher in 
patients with AKI, although statistical significance was not achieved. Notably, although the dose of MTX, the timing of 
serum MTX level measurement, the urine pH before chemotherapy, and the administered dose of sodium bicarbonate 
were similar, the first available serum MTX levels were much higher in patients with AKI than in patients without AKI 
(non-AKI: 1.2 ± 4.1 μmol/L vs AKI: 14.4 ± 35.1 μmol/L, p = 0.007). Notably, the proportion of patients receiving urine 
pH tests before chemotherapy was low [non-AKI: 13 (24%), AKI: 5 (33%)]. The proportion of patients receiving urine 
pH tests during D1-D3 was also low [non-AKI: 22 (40%), AKI: 8 (53%)]. Among patients who received urine pH tests 
during D1-D3, the proportion of patients achieving desirable urine pH level before measurement of serum MTX level 
was also low [non-AKI: 13 (59%) vs AKI: 4 (50%), p = 0.70], indicating unsatisfactory effects of urine alkalization.

Figure 1 HD-MTX protocol at NTUH. Day 1 is defined as the date on which MTX infusion is initiated. On Day 1, urine alkalization, intravenous hydration, daily 
measurement of urine pH and body weight, and discontinuation of medications with significant interaction with MTX are also instituted. Leucovorin starts on Day 3. Daily 
measurement of serum MTX levels begins on Day 4 and continues until serum MTX levels are below 0.05 μmol/L. Rituximab is administered on Day 0 when included in the 
HD-MTX regimen. 
Abbreviations: HD-MTX, high-dose methotrexate; NTUH, National Taiwan University Hospital.
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To investigate the risk factors associated with AKI, we constructed a multivariable logistic regression model incorporating 
age, sex, serum albumin level, comorbid chronic kidney disease, MTX dose, first available serum MTX level, dose of sodium 
bicarbonate, and dose of leucovorin (Table 2). Only the first available serum MTX level significantly predicted the 
development of AKI in our cohort [odds ratio and 95% confidence interval (CI): 11.84 (2.62–53.53), p = 0.001 in the adjusted 
model]. Because the serum MTX level is affected by the timing of blood sampling after MTX infusion, we plotted serum MTX 
level against time and stratified the data according to the development of AKI (Figure 3). Compared with patients without 
AKI, the first available serum MTX levels were higher in patients with AKI 24 to 72 hours after MTX infusion. In addition, the 
index case had the highest level of serum MTX at 72 hours.

Figure 2 Serial serum creatinine levels, serum MTX levels, and daily urine output following MTX infusion. Day 1 was defined as the date of MTX commencement, as in 
Figure 1. The Orange line and green dotted line denoted serial serum MTX levels and SCr levels, respectively. Arrow indicated hemodialysis treatment. Hemodialysis 
treatment was performed for 11 sessions and discontinued on Day 22. The below sheet shows the daily urine output of the patient. 
Abbreviation: SCr, serum creatinine.

Table 1 Patient Characteristics and MTX Treatment

Non-AKI  
(n=55)

AKI  
(n=15)a

p value

Baseline characteristics

Age (year) 64.0 ± 13.5 67.3 ± 9.0 0.36

Male sex 27 (49%) 9 (60%) 0.45

BSA (m2)b 1.58 ± 0.17 1.62 ± 0.13 0.30
eGFR (mL/min/1.73m2)c 115.1 ± 53.5 91.3 ± 45.6 0.12

Serum albumin (mg/dL)d 3.7 ± 0.6 3.3 ± 0.7 0.04

Comorbidities

Chronic kidney diseasee 5 (9%) 4 (27%) 0.09
Diabetes mellitusf 11 (20%) 4 (27%) 0.72

Hypertensiong 21 (38%) 7 (47%) 0.55

(Continued)
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Discussion
We presented a case who developed anuric AKI after HD-MTX administration despite preventive measures including 
urine alkalization, hydration, and leucovorin supplement according to the prior protocol at NTUH. High-flux hemodia
lysis was performed to enhance HD-MTX elimination. The patient’s renal function partially recovered after 11 times of 
hemodialysis treatment. We also reviewed 70 patients who received HD-MTX at our hospital. We identified the first 
available serum MTX level as a significant risk factor predicting the development of AKI in our cohort.

For AKI induced by HD-MTX, prior studies reported risk factors including pre-existing impaired renal function, 
third-space fluid accumulation, drug-drug interactions impairing MTX clearance, and sustained elevation of serum MTX 
level.3,7–10 Several preventive measures were generally adopted to decrease the risk of AKI, including adequate 
hydration, urinary alkalization, avoidance of drug interactions, drainage of third-space fluid (when present), and serial 
monitoring of MTX serum concentration with appropriate leucovorin rescue.5,6,11,12 Adequate hydration can augment 
urinary flow rate and enhance urinary clearance of MTX. Alkalization of urine can increase the urinary solubility of 

Table 2 Risk Factors Associated with AKI

Variablea Crude Adjusted

OR and 95% CI p value OR and 95% CI p value

Age (year) 1.02 (0.97–1.08) 0.36 0.98 (0.92–1.04) 0.44

Male sex 1.56 (0.49–4.96) 0.46 4.48 (0.55–36.49) 0.16
Serum albumin level (mg/dL) 0.38 (0.15–1.00) 0.05 0.44 (0.13–1.45) 0.18

Chronic kidney disease 3.64 (0.84–15.78) 0.08 1.26 (0.14–11.26) 0.84

MTX dose (mg/m2) 1.00 (1.00–1.00) 0.58 1.00 (1.00–1.00) 0.34
First serum MTX level (μmol/L)b 7.38 (2.39–22.76) <0.001 11.84 (2.62–53.53) 0.001

Sodium bicarbonate dose on D1 (mEq/m2) 0.95 (0.88–1.02) 0.18 1.01 (0.9–1.13) 0.88

Leucovorin dose on D3 (mg/m2) 1.00 (0.99–1.01) 0.76 1.00 (0.98–1.01) 0.61

Notes: aThe variables were defined the same as in Table 1. bThe value was logarithmically transformed with a base of 10. In the 
adjusted model, all the listed variables were forced into the multivariable logistic regression model to estimate OR and 95% CI. 
Abbreviations: CI, confident interval; OR, odds ratio.

Table 1 (Continued). 

Non-AKI  
(n=55)

AKI  
(n=15)a

p value

MTX treatment

MTX dose (mg/m2) 5277.2 ± 2576.6 5685.6 ± 2428.0 0.58

First serum MTX level (μmol/L) 1.2 ± 4.1 14.4 ± 35.1 0.007
T1 (hour)h 55.3 ± 18.7 53.7 ± 17.9 0.78

Baseline urine pH valuei 6.4 ± 1.0 5.7 ± 0.6 0.15

Sodium bicarbonate dose on D1 (mEq/m2)j 30.1 ± 7.3 27.1 ± 8.6 0.18
Urine pH value ≥7.0 k 13 (59%) 4 (50%) 0.70

Leucovorin dose on D3 (mg/m2)l 265.0 ± 51.9 270.5 ± 96.9 0.77

Notes: aAKI was defined as the detection of serum creatine levels higher than the upper limit of normal according to 
Common Terminology Criteria for Adverse Events (CTCAE). bBSA was estimated by Mosteller Method [Height (cm) 
x Adjusted BW (kg) / 3600]0.5. ceGFR before chemotherapy was estimated by 4-variable Modification of Diet in 
Renal Disease equation. dOnly 66 patients’ data were available (non-AKI, n=52; AKI, n=14). eChronic kidney disease 
was defined as GFR <60 mL/min/1.73 m2 before chemotherapy. f,gDiabetes mellitus and hypertension were defined 
according to medical records. hT1 was defined as the duration between the start of MTX infusion and the first 
available serum MTX levels. iBaseline urine pH was defined as the pH value within one week before MTX. Only 18 
patients had available data (non-AKI, n=13; AKI, n=5). j,lThe total daily dose adjusted by BSA was reported. kThe 
proportion of patients having urine pH ≥ 7.0 during D1-D3. Only 30 patients had available data (non-AKI, n=22; AKI, 
n=8). Day 1 was defined as the date of MTX commencement, as in Figure 1. 
Abbreviations: BSA, body surface area; BW, body weight; eGFR, estimated glomerular filtration rate.
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MTX. After raising the urine pH level from 6.0 to 7.0, the solubility of MTX and its metabolites increases about 5 to 
8-fold.3 Drainage of third-space fluid prevents accumulation of MTX in the third-space. Serial monitoring of MTX serum 
concentration enables early detection of AKI. Ramsey et al presented guidance for serial serum MTX concentration 
measurement.5 Measurement of serum MTX levels routinely at 24 and 48 hours after MTX administration is suggested. 
Additional measurements may be needed if an elevated serum MTX level is detected. Adjustment of leucovorin dose 
based on MTX serum concentration is proposed to reduce MTX toxicity.1,7

In our index case, AKI developed after HD-MTX administration despite preventive measures based on protocol at 
NTUH. After discussion with oncologists and pharmacists, we consider the following measures in the protocol can be 
modified to reduce future AKI complications. First, the timing of serum MTX concentration measurement. Second, fluid 
administration for urine alkalization and hydration. Third, urine pH measurement. Fourth, a dose of leucovorin. The 
modified protocol is illustrated in Figure 4.

In our cohort of 70 patients receiving HD-MTX, the first available serum MTX level was obtained at 55.0 ± 18.4 hours 
after the start of MTX infusion. This timing was much delayed, and we should manage to obtain serum MTX level at 24 hours 
according to the literature.5 Delayed measurement of serum MTX level may contribute to delayed diagnosis and may hamper 
timely management of MTX intoxication. Our prior protocol suggests fluid administration with sodium bicarbonate 33.2 mEq 
in 1000 mL 0.9% saline daily since D1 for urine alkalization and hydration. However, among patients with available urine pH 
reports, the proportion of patients having urine pH ≥ 7.0 during D1-D3 was only 57%. We suggest the fluid composition be 
changed to sodium bicarbonate 132.8 mEq in 1000 mL 5% dextrose in water (D5W) daily. Compared with the prior regimen, 
the new fluid composition has the advantages of higher alkali load, lower sodium load, and lower fluid tonicity. The fluid 
composition may be individually adjusted daily based on urine pH and fluid status.13 Notably, only a small proportion of 
patients in our cohort had available urine pH reports before (26%) and during D1-D3 (43%) after MTX administration. We 
must emphasize the importance of urine pH monitoring before and during MTX administration at our institution. Our current 
protocol suggests a fixed dose of leucovorin rescue (100 mg every 6 hours after 48 hours of HD-MTX infusion). Because 
pharmacokinetically guided leucovorin rescue based on serum MTX level may reduce toxicity,14 we suggest leucovorin be 
dosed according to the standard nomogram.1 Notably, timely measurement of serial serum MTX levels is mandatory for the 
successful application of leucovorin dosing nomogram. In our index patient, the serum MTX level after 72 hours of MTX 
infusion exceeded 40 μmol/L. According to the nomogram, the leucovorin dose should be increased to 1000 mg/m2 per 
6 hours, but the patient actually received only 200 mg every 6 hours. The insufficiency of leucovorin dose might result in 

Figure 3 The first available serum levels of MTX in patients with or without AKI. In each patient, the levels of MTX were plotted against T1, which was the duration 
between the start of MTX infusion and the first available serum MTX levels. The value of MTX was logarithmically transformed with a base of 10. Green triangles denoted 
patients without AKI. Red inverted triangles denoted patients with AKI. The blue square denoted the index case. Linear regression with 95% CI for the association between 
MTX level and T1 was estimated separately in patients without and with AKI. 
Abbreviation: AKI, acute kidney injury.
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inadequate intracellular leucovorin levels and lead to severe MTX toxicities. Importantly, leucovorin can be removed by 
hemodialysis, and a supplement dose may be needed after hemodialysis treatment.15

Based on the literature,5 glucarpidase should be considered in patients with ongoing AKI and high serum MTX levels 
despite preventive measures such as urine alkalization and hydration. Glucarpidase, a recombinant enzyme, is specifically 
designed to hydrolyze methotrexate into inactive metabolites, thereby facilitating its elimination. It has demonstrated 
efficacy in rapidly lowering serum methotrexate levels, particularly in patients with impaired renal function and delayed 
clearance.5 However, due to its high cost, glucarpidase is not readily available in many institutions, including ours. 
Retrospective studies have shown that patients receiving glucarpidase had reduced hospital length of stay, inpatient 
mortality, and 90-day mortality compared to those not receiving glucarpidase, including patients treated with 
hemodialysis.16 Given these clinical benefits, economic simulation analyses suggest that glucarpidase is more cost- 
effective than hemodialysis.17 Therefore, the availability of glucarpidase for patients experiencing methotrexate intox
ication is an urgent necessity.

Due to lack of glucarpidase, the index patient received high-flux hemodialysis for the treatment of MTX intoxication. 
The role of extracorporeal treatment for MTX intoxication is reviewed by Ghannoum et al.2 MTX is a relatively small 
molecule (molecular weight 454 dalton) with a relatively low volume of distribution (0.4–0.8 L/Kg) and 50–70% protein 
binding. Circulating MTX can be removed by hemodialysis, but rebounding of serum MTX concentration can occur 
rapidly after cessation of hemodialysis due to tissue redistribution. The 2022 EXtracorporeal TReatments In Poisoning 
(EXTRIP) workgroup did not recommend extracorporeal treatment use for severe methotrexate toxicity as an addition to 
standard care including glucarpidase.2 However, extracorporeal treatment can be considered in several special situations, 
such as when glucarpidase is not available. In our index patient, eleven sessions of high-flux hemodialysis were 
performed until serum MTX concentrations were < 2.0 μmol/L. Because glucarpidase is not available in Taiwan, high- 
flux hemodialysis may be considered in patients with extremely high serum MTX concentrations and impaired urinary 
MTX clearance.

Figure 4 Modified HD-MTX protocol at NTUH. In the modified HD-MTX protocol, several preventive measurements are changed. First, serum MTX level is checked at 
24 hours rather than 48–72 hours after MTX initiation. Second, urine alkalization is changed from sodium bicarbonate 33.2 mEq in 1000 mL 0.9% saline to sodium 
bicarbonate 132.8 mEq in 1000 mL 5% dextrose in water. Third, the importance of daily urine pH measurement is emphasized. Fourth, leucovorin is administered according 
to the nomogram rather than a fixed dose of 100mg Q6H. Fifth, serum creatinine level is checked along with serum MTX level. The infusion time of MTX infusion time may 
be adjusted based on clinical judgment.
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In summary, we reported a case of severe AKI and MTX intoxication after HD-MTX administration. High-flux 
hemodialysis was instituted to enhance MTX elimination. We reviewed 70 patients receiving HD-MTX at NTUH and 
identified serum MTX level as a risk factor for the development of AKI. We proposed a new HD-MTX protocol to 
reduce future complications after HD-MTX at our institution. This report may interest healthcare personnel who care for 
patients under HD-MTX treatment.
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