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Abstract

High dose methotrexate (HDMTX), defined by doses of methotrexate (MTX) ≥ 1g/m2, is a widely

used regimen known to cause renal toxicity. The reported incidence of renal toxicity in

osteosarcoma patients is 1.8%, but the incidence in hematologic malignancies is not well

characterized. In this retrospective study of 649 cycles of HDMTX in 194 patients, renal toxicity

occurred in 9.1% of cycles in patients with lymphoma compared to 1.5% in patients with sarcoma.

Older age, male sex, decreased baseline CrCl, and increased proton pump inhibitor use among the

lymphoma population likely contributed to the observed difference. The incidence of renal toxicity

was independent of the incidence of delayed MTX elimination, suggesting that kidney function is

only one factor involved in MTX clearance. Renal toxicity prolonged the duration of

hospitalization but severe renal insufficiency was uncommon. No significant impact on

progression free or overall survival was observed.
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Introduction

High-dose methotrexate (HDMTX) regimens, defined by MTX doses ≥ 1g/m2, and

subsequent use of leucovorin to reduce toxicity, are used to treat a wide range of

malignancies including lymphoma, breast carcinoma, sarcoma, and others [1-3]. Despite its

broad application, the use of HDMTX is complicated by the risk of renal toxicity [4].

Widemann et al report that the incidence of MTX-mediated renal injury is 1.8% in patients

with osteosarcoma, but the incidence in hematologic malignancies is not well characterized

[5]. Dehydration and low urine pH are known to increase renal toxicity risk and therefore,

intravenous hydration and urine alkalinization are standard adjuncts in HDMTX regimens

[6]. Other factors associated with increased MTX-mediated nephrotoxicity risk include

advanced age, male sex, MTX dose, low baseline CrCL, and the use of certain antibiotics

[7-12]. Because MTX is excreted renally, the onset of nephrotoxicity delays MTX clearance

and thereby increases the risk of other systemic toxicities [6].

Though renal toxicity is known to cause delayed MTX clearance, alterations in MTX

elimination and a subsequent risk of systemic toxicities can also occur in the absence of

renal toxicity. For example, proton pump inhibitors (PPIs) slow MTX clearance via

inhibition of a specific drug transport protein in the kidney without otherwise affecting renal

function [13-15]. Non-steroidals and probenecid have also been shown to delay MTX

clearance via similar mechanisms [16]. The incidence of delayed MTX elimination in the

absence of renal toxicity has not been reported [17].

In this retrospective analysis of 194 patients who received 649 cycles of HDMTX, we

investigated the incidence, risk factors and outcomes, including length of stay (LOS),

progression free survival (PFS), and overall survival (OS), associated with MTX-mediated

renal toxicity and delayed elimination.

Materials and Methods

Patients

Eligible patients at Barnes Jewish Hospital (BJH) were identified by screening the BJH

pharmacy database of medical oncology inpatients from January 1, 2005 through April 31,

2011. Patients at the Veterans Health Administration (VHA) were identified from a database

of patients with diffuse large B-cell lymphoma (DLBCL) as described by Carson et al [18].

Inclusion criteria included 1) age ≥ 18 years and 2) HDMTX dose ≥ 1g/m2. Exclusion

criteria included a lack of recorded MTX serum levels at 24, 48, and 72 hours after MTX. A

total of 649 cycles of HDMTX in 194 patients were evaluated (504 cycles in 151 patients at

BJH, 145 cycles in 43 patients at VHA). Thirty-five cycles were excluded due to incomplete

MTX serum level records.

The most common cancer types were lymphoma (72.8% of cycles, 151 patients), sarcoma

(21% of cycles, 26 patients), and breast carcinoma (4.9% of cycles, 12 patients). Lymphoma

histologies included primary central nervous system lymphoma (PCNSL) (337 cycles),

DLBCL without CNS involvement (89 cycles), and Burkitt lymphoma (25 cycles). Other

less common lymphoma histologies included mantle cell (3 cycles) and peripheral T-cell
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lymphomas (20 cycles). The majority of sarcoma patients were diagnosed with

osteosarcoma (114 cycles) and angiosarcoma (12 cycles). Other sarcoma diagnoses included

chondrosarcoma (5 cycles) and soft tissue sarcomas (6 cycles). There were 5 cycles with

pre-B-cell acute lymphoblastic leukemia, one with small cell lung cancer, and one with

pituitary carcinoma. All patients received similar supportive measures including hydration

and urine alkalinization.

Data Collection

In patients who received HDMTX, additional information was retrieved from individual

patient records. Data collected included patient age, sex, height, weight, race, diagnosis,

baseline and peak serum creatinine, MTX dose, MTX serum level at 24/48/72 hours,

administration of PPIs within 24 hours before or after MTX administration, and date of

documented progression or death. For patients at BJH, an online social security number

database was used to confirm date of patient death when none was recorded in the medical

record.

Measurements and Definitions

Renal toxicity was defined by the National Cancer Institute Common Terminology Criteria

for Adverse Events (CTCAE) v4.03 grading scale which is as follows: grade 1 = serum

creatinine (SCr) > 1.1-1.5 × upper limit of normal (ULN); grade 2 = > 1.5-3.0x ULN; grade

3 = > 3.0-6.0x ULN; grade 4 = > 6.0x ULN [19]. Delayed MTX clearance was defined as

serum MTX ≥ 15μmol/L at 24h, ≥1.5 μmol/L at 48h, or ≥ 0.15μmol/L at 72h [14].

Creatinine clearance was calculated using the CKD-EPI (Chronic Kidney Disease

Epidemiology Collaboration) equation [20]. LOS was defined as the duration of time

between MTX infusion and discharge. PFS was defined as the date of first HDMTX infusion

to date of documented progression. OS was defined as date of first HDMTX infusion to date

of death.

Statistics

Generalized Estimating Equation (GEE) was used to account for possible correlation

between multiple MTX cycles in a single patient. Chi-square test, two sample T test, Fisher's

exact test, Wilcoxon two sample test, and row mean score test were used for univariate

analyses, where appropriate. A two-tailed α significance level of .05 was considered

statistically significant. Cox proportional hazards models were used to assess the association

of renal toxicity and delayed elimination with PFS and OS while controlling for variables

identified during univariate analyses.

Results

Baseline Characteristics

Baseline patient characteristics of BJH and VHA patients are presented in Table I. The VHA

population was older, predominantly male, and had a higher baseline serum creatinine (SCr)

and lower baseline creatinine clearance (CrCl). Both groups received comparable MTX

doses and number of cycles. There was a male sex predominance in the collective group
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(59.6% vs. 40.4%) secondary to both the demographics of the VHA patient population as

well as higher rates of osteosarcoma and lymphoid malignancies in males [21,22].

Incidence of Mtx-Mediated Renal Toxicity and Delayed Mtx Elimination

Figure 1 depicts the incidence of grade 2-4 renal toxicity and delayed elimination for

lymphoma and sarcoma patients. Grade 2-4 renal toxicity occurred in approximately 9% of

cycles in lymphoma patients and just over 1% of cycles in sarcoma patients. This compares

to the incidence of grade 2-4 renal toxicity in osteosarcoma patients as reported by

Widemann et al of 1.8% [5]. Delayed elimination of MTX occurred in 32% of cycles in

lymphoma patients and 15% of cycles in sarcoma patients. Of note, the incidence of toxicity

and delayed elimination in lymphoma patients at BJH and VHA were comparable.

Relationship Between Grade 2-4 Renal Toxicity and Delayed Mtx Elimination

Figure 2 is a Venn diagram illustrating the overlap between the occurrence of grade 2-4

renal toxicity and the occurrence of delayed MTX elimination. A total of 9 out of 46 cycles

(20%) associated with grade 2-4 renal toxicity were not associated with delayed MTX

elimination. A total of 134 out of 171 cycles (78%) associated with delayed MTX

elimination were not associated with grade 2-4 renal toxicity. In 37 out of 179 cycles (21%),

both grade 2-4 renal toxicity and delayed MTX elimination occurred.

Risk Factors for Hdmtx Renal Toxicity

Risk factors analyzed included age, sex, baseline CrCl, MTX dose (g/m2), and PPI use. Each

risk factor was evaluated for both grade 2-4 renal toxicity and delayed MTX elimination.

Table II presents results from all patients but results in the lymphoma subset were

comparable. Correlations between risk factors were tested for but none were identified.

Effects on Length of Stay

Mean hospitalization time for cycles where the patient developed grade 2-4 renal toxicity

was 8.9 days compared to 5.6 days for those without renal toxicity (p=0.0005). Mean

hospitalization time for cycles where the patient experienced delayed MTX elimination was

7.8 days compared to 4.5 days in those without (p=<0.0001).

Effects on Progression Free Survival (Pfs) and Overall Survival (Os) in Lymphoma Patients

Neither renal toxicity nor delayed elimination had a significant effect on OS (HR 0.677,

95% CI 0.404-1.134; HR 0.891, 95% CI 0.562-1.415). Renal toxicity increased median PFS

from 10.7 months to 35.7 months (HR 0.508, 95% CI 0.305-0.845) while delayed

elimination had no effect (HR 0.891, 95% CI 0.562-1.415).

Discussion

In this patient cohort treated with HDMTX, the incidence of renal toxicity was 9.1% of

cycles in lymphoma patients and 1.5% of cycles in sarcoma patients. The incidence of

delayed MTX elimination was higher than that of renal toxicity but exhibited a similar

imbalance between lymphoma and sarcoma populations (31.9% vs. 14.6%).
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These findings highlight two important points. First, the incidence of delayed elimination is

frequently not associated with measurable renal toxicity. Only 21% of cycles associated with

delayed elimination resulted in any renal toxicity. Although MTX is renally excreted, this

suggests that the pharmacokinetics is more complex than previously thought. For example,

biliary excretion may be important for some patients [23,24]. Another possible mechanism

is genetic variation in proteins involved in MTX metabolism may act independently of renal

failure. Genome-wide association studies have already identified specific genes, such as

anion transporter gene SLCO1B1, that are associated with inter-individual variability in

MTX transport and could therefore explain why so few patients with delayed excretion had

renal failure [25].

Second, the incidence of both renal toxicity and delayed elimination are higher in the

lymphoma population compared to patients with other malignancies. The baseline

characteristics of patients with lymphoma compared to those with sarcoma or breast cancer,

may explain these differences. The lymphoma cohort was older, had a higher percentage of

males, had a lower baseline CrCl, and had a higher rate of PPI use than the solid tumor

cohort (Table III). All of these factors were associated with increased risk of renal toxicity

and/or delayed clearance.

Notably, of the four risk factors identified, PPI use was the only one that increased risk for

delayed elimination but not renal toxicity, supporting the evidence that PPIs delay MTX

clearance via transport protein inhibition rather than nephrotoxicity [26]. This finding

suggests that the incidence of delayed elimination without renal toxicity could not only be

related to biliary excretion or genetic variation in transport proteins as suggested above, but

may also be secondary to drug-drug interactions.

The majority of incidents of renal toxicity in our study population were reversible without

significant intervention. In the entire cohort, only one patient required emergent

hemodialysis and compassionate-use carboxypeptidase. Though lasting renal injury was

rare, other clinical consequences were investigated and shown to be associated with renal

toxicity and delayed elimination. First, the occurrence of renal toxicity and/or delayed

elimination was associated with increased duration of hospitalization. A longer length of

stay increases costs and delays treatment, two arguments for the importance of preventing

renal toxicity and clearance delays.

In contrast, the occurrence of renal toxicity was found to be associated with an increase in

PFS. However, delayed elimination did not show this same correlation and neither delayed

elimination nor renal toxicity were shown to affect OS. Ferreri et al have previously

reported that lower baseline CrCl was associated with an increase in 3 year overall survival

in a group of 45 patients with primary CNS lymphoma perhaps based on the premise that a

lower CrCl could decrease MTX clearance, increase duration of exposure of cancer cells to

the drug, and thereby lead to improved survival outcomes [8]. Though our data suggests a

relationship between renal toxicity and PFS, the lack of correlation between delayed

elimination and PFS as well as the lack of correlation between both metrics and OS does not

support a significant survival benefit. Importantly, this survival data should be interpreted
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with caution as there was significant variability in the amount of treatment patients had

received prior to HDMTX therapy.

In conclusion, the results of this study indicate that despite adequate hydration and urine

alkalinization, HDMTX-mediated renal toxicity and delayed elimination continue to occur at

a much higher rate in patients with lymphoma compared to solid tumors. This discrepancy in

incidence is likely due, at least in part, to differences in the baseline characteristics of the

lymphoma population including older age, predominance of male sex, lower baseline CrCl

and higher rates of PPI use. Clinically, though occurrence of renal toxicity and clearance

delays increase hospitalization duration and may delay subsequent treatments, such events

do not appear to alter patient outcomes. Awareness of the higher incidence in lymphoma

patients as well as an understanding of the risk factors that make this population more

susceptible will hopefully allow clinicians to better anticipate and therefore avoid HD-MTX

mediated renal toxicity and delayed elimination.
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Figure 1.
Comparison of the incidence of HDMTX-mediated renal toxicity and delayed MTX

elimination in patients with lymphoma and sarcoma.
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Figure 2.
Venn diagram depicting the relationship between renal toxicity and delayed elimination. Th

e diagram is composed of two circles, one indicating grade 2 – 4 renal toxicity and one

indicating delayed MTX elimination. Th e space between represents agreement between the

two metrics. Values in the left circle represent the number and percent of encounters that fi t

grade 2 – 4 renal toxicity but did not fi t delayed MTX elimination criteria. Values in the

right circle represent the number and percent of cycles that fi t criteria for delayed MTX

elimination but did not fi t the criteria for grade 2 – 4 renal toxicity
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Table I

Baseline characteristics of the BJH and VAMC populations.

Characteristics BJH (%) VHA (%) p-value

Age* 49.9 59.3 <0.0001†

Sex <0.0001^

 Male 49.6 93.8

 Female 50.4 6.3

Baseline SCr 0.76 0.99 <0.0001†

Baseline CrCl (mL/min) 0.0002§

 30-59 7.3 18.8

 60-89 19.1 30.6

 >90 71.8 50.7

MTX Dose (g/m2) 0.9600§

 1-2 5.4 15.3

 >2-3 9.3 17.4

 >3-4 64.1 26.4

 >4-6 8.3 19.4

 >6 12.9 21.5

Median # of cycles 2 3 0.8104#

PPI use 40.7 51.4 0.0220^

Key:

^
chi-square test,

†
two sample T test,

#
Wilcoxon two sample test,

§
row mean score test,

*
age values in mean years
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Table III

Baseline characteristics of the lymphoma and solid tumor populations.

Characteristics Lymphoma (%) Solid Tumor (%) p-value

Age* 56.5 40 <0.0001†

Gender <0.0001^

 Male 66.2 41.4

 Female 33.8 58.6

Baseline CrCl (mL/min) 0.0087 §

 <15 1.1 2.4

 15-29 0 0

 30-59 11.8 4.7

 60-89 24.3 14.8

 >90 62.8 78.1

MTX Dose (g/m2) <0.0001§

 0-2 6.8 8.9

 >2-3 14 3

 >3-4 66.2 26.6

 >4-6 6.1 24.3

 >6 7 37.3

PPI use 47.6 30.8 0.0002 ^

Key:

^
chi-square test,

†
two sample T test,

#
Wilcoxon two sample test,

§
row mean score test,

*
age values in mean years
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