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Abstract
Purpose To evaluate renal dysfunction in adult patients
encountered during and immediately after repeated admin-
istrations of high-dose methotrexate (HDMTX) for treat-
ment of primary central nervous system lymphoma
(PCNSL).
Methods In this single-center, retrospective, open label
trial, 23 consecutive adult patients aged between 19 and
94 years diagnosed with PCNSL were given ¸4 consecu-
tive cycles of HDMTX (8 gm/m2/dose) every 14 days as
per institution protocol. Serum creatinine and serum metho-
trexate levels were measured at 24, 48 and 72 h after begin-
ning of HDMTX infusion.
Results Forty-eight percent of all patients (30% of all
HDMTX cycles) experienced a ¸200% increase in baseline
creatinine during treatment. Nine percent of patients met
requirements for administration of carboxypeptidase-G2

(glucarpidase) under compassionate use from National
Cancer Institute. Thirty percent of patients at the conclusion
of HDMTX therapy demonstrated a NCI Common Toxicity
Criteria (CTC) grade 2 or higher increase in post-treatment
serum creatinine compared to pre-treatment serum creati-
nine amongst whom ten patients (43%) had levels outside
of the normal range.

Conclusion Renal dysfunction of CTC grade 2, 3 or 4 is
common during treatment with HDMTX in the treatment of
PCNSL, occurring in 40% of all cycles. Renal dysfunction
persists at least 4 months following the conclusion of ther-
apy in nearly 30% of patients. Male patients age greater
than 50 years are at greatest risk of renal dysfunction.

Keywords Methotrexate · MTX · Renal dysfunction · 
Lymphoma · Creatinine

Introduction

Methotrexate given in doses ¸3.5 gm/m2 (also termed
high-dose methotrexate; HDMTX) is utilized for adjuvant
therapy of osteosarcoma, for single-agent or as part of
multi-agent treatment of primary central nervous system
lymphomas (PCNSL), and in combination therapy of acute
lymphoblastic leukemia as well as adult and pediatric non-
Hodgkin lymphomas [1–3]. Much attention has been
focused on the acute renal toxicity of HDMTX, but there is
a paucity of data evaluating the spectrum of subacute to
acute renal dysfunction encountered during therapy and
after therapy [4].

High-dose methotrexate acts in a cell-cycle speciWc
manner to disrupt protein and DNA synthesis via the inhibi-
tion of several enzymes in the folic acid cycle [1]. This
causes DNA strand breakage and ineVective DNA repair
due to intracellular purine depletion in rapidly-dividing
cells, leading to apoptosis.

Acute renal failure (ARF) is the most common form of
renal toxicity due to HDMTX and is seen in 2–10% of
treatment cycles [4, 5]. The most commonly described
pathophysiology of ARF is the precipitation of methotrex-
ate and its metabolites in the acidic environment of the
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urine. Other possible causes of ARF have been previously
described [6]. High-dose methotrexate-induced ARF is
almost universally reversible and, given adequate recovery
time, rarely will patients require discontinuation of
HDMTX or dose reductions upon future cycles. Mainte-
nance of adequate urine Xow and urinary alkalinization
while receiving HDMTX is essential to prevent this adverse
eVect [1, 4, 7].

Progressive renal dysfunction, deWned as steady increase
in baseline serum creatinine, with each subsequent cycle of
HDMTX has not been reported in the literature. We report
our retrospective, single-center experience in 23 consecu-
tive patients treated with greater than four consecutive
cycles of HDMTX for the treatment of PCNSL.

Methods

Patients

Eligibility criteria for this retrospective case controlled
series included patients with histologically conWrmed
PCNSL who received a minimum of four consecutive
cycles of HDMTX and, in alternating weeks, rituximab. All
patients received a similar HDMTX treatment protocol,
including aggressive hydration to maintain urine output
¸200 mL/h and urinary pH >7 before administration of
HDMTX and throughout the elimination phase until serum
methotrexate levels decreased to ·0.1 mM/L. Patients who
did not receive a minimum of 4 cycles of HDMTX were
not considered for inclusion. The most common reason for
not receiving a minimum of 4 cycles of HDMTX was
radiographic progression of disease.

High-dose methotrexate was administered at 8 g/m2 per
dose intravenously over 4 h every 2-weeks with a goal of
administering of 8–10 cycles total. Before each cycle of
HDMTX, calculated creatinine clearance was determined
using most recent serum creatinine [8]. For patients with
calculated creatinine clearance ·50 mL/min, dose of

HDMTX was decreased by 50% [9]. High-dose methotrex-
ate was delayed for patients with calculated creatinine
clearance ·30 mL/min until improvement in serum creati-
nine was demonstrated.

In addition, all patients received intravenous folinic
acid (10 mg/m2 per dose) every 6 h beginning 20 h after
completion of the HDMTX infusion per institution proto-
col. Dose of folinic acid was altered as a function of
serum methotrexate levels obtained at 24, 48 and 72 h
after beginning of HDMTX infusion [10]. Serum creati-
nine levels were obtained simultaneously with serum
methotrexate levels. Additionally, serum creatinine and
methotrexate levels were obtained >72 h after each dose
of HDMTX at the physician’s discretion. Intravenous
hydration and leucovorin was discontinued and patients
were discharged to home once serum methotrexate levels
reached ·0.1 mM/L. All patients were given instructions
to maintain oral hydration >1.5 L/m2 per 24 h for three
consecutive days upon discharge. Depending on velocity
of methotrexate elimination, some patients were given
discharge folinic acid (leucovorin calcium 25 mg per os
every 6 h for 3 days).

Patient characteristics at baseline

The baseline characteristics are summarized in Table 1.
The majority of patients (78%) were age ¸50 years with a
nearly equal distribution among each sex. The median
serum creatinine at baseline for all patients is 0.8 mg/dL
(range 0.3–1.3), whereas the median serum creatinine at
baseline for males aged ¸50 years is 1 mg/dL (range 0.8–
1.3) (P = 0.86).

Analysis of degree of renal dysfunction

The degree of renal dysfunction and adverse events were
termed and categorized according to the National Cancer
Institute Common Toxicity Criteria for Adverse Events
(NCI-CTCAE) version 3.0.

Table 1 Baseline characteris-
tics of patients

Characteristics Results P

Total number of patients 23 –

Median (range) age (in years) 72 (19–94) –

Patients <50/¸50 years of age (%) 5 (22)/18 (78) 0.04

Sex (%), male/female 12 (52)/11 (48) NS

Total cycles of HDMTX given, all patients 161 –

Total cycles of HDMTX given, patients ¸50 years 124 –

Average (range) cycles of HDMTX per patient 7 (4–10) –

Median (range) initial baseline SCr, all patients 0.8 mg/dL (0.3–1.3) –

Median (range) initial baseline SCr, males aged ¸50 years 1 mg/dL (0.8–1.3) –

Median initial baseline SCr, male/female (mg/dL) 1/0.8 NSSCr serum creatinine
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Statistical analysis

Analysis of change of baseline serum creatinine in relation
to peak serum creatinine or “new baseline” serum creati-
nine achieved at end of treatment employed Student’s t test.
Analysis of change in serum creatinine at the start or within
each cycle of HDMTX relative to baseline serum creatinine
in each cohort utilized the exact binomial test.

Results

A total of 21 patients (91%) experienced an increase in
serum creatinine by >15% during at least 1 cycle. Fifteen
patients experienced a CTC grade 2 increase in serum cre-
atinine, three were grade 3 and three were grade 4. Of the
161 cycles of HDMTX administered, 122 (76%) were asso-
ciated with an increase in serum creatinine from baseline.
All of the male patients experienced this event during at
least one of the cycles of HDMTX, with male patients aged
¸50 years experiencing the most signiWcant renal dysfunc-
tion during each cycle of HDMTX.

Serum creatinine at end-of-therapy

Eleven of the 12 male patients in this study established a
“new baseline” serum creatinine at the end of therapy. This
new baseline serum creatinine at end of therapy was CTC
grade 2 in eight patients and grade 3 in three patients. In
addition, these 11 male patients showed a progressive and
consecutive increase in serum creatinine from cycle to
cycle. This new baseline was a median of 0.4 mg/dL (range
0–0.7) greater than baseline, which translates to a clinically
signiWcant change in renal function in a disease which
aVects the elderly in a disproportionate manner. Female
patients age ¸50 years also experienced an increase in
serum creatinine from baseline, however, while it was sta-
tistically signiWcant, it was not clinically signiWcant as the
median serum creatinine at end of therapy was 0.8 mg/dL
(range 0.6–1.2) (Table 2).

The majority of our study cohort (17 patients, 74%)
experienced a CTC grade 1 increase in serum creatinine at
end of therapy of 10–49% relative to baseline (Table 3). Six

patients (25%) experienced an increase in serum creatinine
>50% from baseline. Of these six patients, CTC grade 2
increase in serum creatinine was noted in three patients,
two patients experienced grade 3 and one patient experi-
enced grade 4 increase in serum creatinine at end of therapy
relative to baseline serum creatinine. Six of the seven
patients who did not experience an increase in end of ther-
apy serum creatinine were female.

Peak serum creatinine

The median (range) peak serum creatinine during HDMTX
treatment for all patients in this study was 1.9 mg/dL (0.4–
4.9), (CTC grade 2 increase in serum creatinine), which
represents more than a doubling of serum creatinine from
baseline. The eVect was more blunted in females, but was
especially pronounced in males aged ¸50 years, who expe-
rienced a greater than threefold increase (CTC grade 3) in
peak serum creatinine. The median increase in serum creat-
inine, from baseline to peak, was 1 mg/dL (range 0.1–4) in
all patients. Males aged ¸50 years experienced a median
increase of 1.7 mg/dL (range 0.3–4), while females aged
¸50 years experienced a median increase of 0.7 mg/dL
(range 0.1–1.6) (Table 4). The increase in serum creatinine
caused elevated methotrexate levels necessitating a change
in the treatment plan including increased dose or frequency
of folinic acid administration or delaying discharge from
hospital while monitoring renal function.

Intra-therapy change in serum creatinine

Only two of the 23 patients in this study did not experience
a single episode of renal dysfunction. Both of these patients
were female, one aged 19 and one aged 65 years. Fifteen
patients in this study experienced at least one episode of an

Table 2 Characteristics of 
“new baseline” at end of therapy 
and increase in SCr from base-
line to end of therapy (EOT)

Characteristics Results (mg/dL) P

Median (range) SCr, all patients 1.1 (0.3–1.8) –

Median (range) SCr, males aged ¸50 years 1.4 (1–1.8) –

Median (range) SCr, females aged ¸50 years 0.8 (0.6–1.2) –

Median (range) increase, baseline to EOT, all patients 0.4 (0–0.7) 0.002

Median (range) increase, baseline to EOT, males aged ¸50 years 0.4 (0–0.7) 0.0004

Median (range) increase, baseline to EOT, females aged ¸50 years 0.2 (0 – 0.4) 0.01

Table 3 EVect of HDMTX on SCr from baseline to end of therapy

Characteristics Results P

Patients who experienced ·10% increase in SCr 7 (30%) NS

Patients who experienced 10–49% increase in SCr 10 (43%) 0.02

Patients who experienced ¸50% increase in SCr 6 (25%) NS
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increase in serum creatinine by 50–200% from baseline
(Table 5). Eleven patients (two females, nine males) experi-
enced a CTC grade 3 or 4 increase in serum creatinine from
baseline during any cycle. Of the 161 cycles of HDMTX
administered in this study, 122 cycles (76%) were associ-
ated with an increase in serum creatinine from baseline.
Sixty-three cycles (39%) were associated with an increase
in serum creatinine from baseline of at least 50%. Fifteen
cycles were associated with a >200% increase in serum cre-
atinine from baseline. Seven of these cycles were CTC
grade 2, Wve were grade 3 and three were grade 4. The sec-
ond cycle was, on average, where an increase in serum cre-
atinine was Wrst detected. Notably, there were two patients
(both male) who experienced such severe and profound
renal dysfunction with elevated serum methotrexate levels
that the administration of carboxypeptidase-G2 (glucarpi-
dase) via compassionate use protocol from National Cancer
Institute was required.

Serum methotrexate levels

Analysis of the serum methotrexate levels reveals no con-
sistent correlation with serum creatinine levels, except in
males aged ¸50 years. In males younger than 50 years and
female patients of any age, serum methotrexate measure-
ments displayed no consistent trend or association with
serum creatinine levels (P = 0.72). In six of the ten male
patients age ¸50 years, the serum methotrexate levels
obtained at hour 24, 48 and 72 following each dose of

HDMTX increased proportionately with increases in serum
creatinine (P = 0.02). In each of these six patients with ele-
vated serum methotrexate levels, the time to obtain a serum
methotrexate level <0.1 mM/L took progressively longer
with each cycle of HDMTX, with an average of 21 h longer
comparing Wrst cycle to Wnal cycle. In four of the male
patients age ¸50 years, the serum methotrexate levels at
hours 24 and 48 displayed correlation with progressively
increasing serum creatinine levels (P = 0.04). However,
analysis of serum methotrexate levels obtained 72 h after
each dose of HDMTX did not display correlation with
increasing serum creatinine levels (P = 0.2).

Serum creatinine 4 months after completion of HDMTX

Eighteen patients of the original cohort were evaluable
4 months after completion of HDMTX therapy (Table 6).
These 18 patients evaluated at 4-months post-HDMTX did
not receive any further therapy for PCNSL after the Wnal
administration of HDMTX and rituximab. The average
serum creatinine at 4 months following completion of
HDMTX therapy for all evaluable patients was unchanged
from the average seen immediately upon completion of
therapy indicating no improvement in renal dysfunction as
a consequence of HDMTX treatment. The mean serum cre-
atinine for males and females aged ¸50 years 4 months
after was 1.3 mg/dL (range 1.1–1.9) and 1 mg/dL (range
0.4–1.2), respectively. For males aged ¸50 years, a slight
decrease in baseline serum creatinine was present while

Table 4 Characteristics of peak 
SCr and increase in SCr from 
baseline to peak

Characteristics Results (mg/dL) P

Median (range) SCr, all patients 1.9 (0.4–4.9)

Median (range) peak SCr, males aged ¸50 years 2.6 (1.2–4.9)

Median (range) peak SCr, females aged ¸50 years 1.4 (0.7–2.3)

Median (range) increase, baseline to peak SCr, all patients 1.0 (0.1–4) 0.00008

Median (range) increase, baseline to peak SCr, males aged ¸50 years 1.7 (0.3–4) 0.00008

Median (range) increase, baseline to peak SCr, females aged ¸50 years 0.7 (0.1–1.6) 0.007

Table 5 Intra-therapy renal dysfunction

Patients who met NCI criteria for carboxypeptidase-G2 administration 2 (9%)

NCI National Cancer Institute

Characteristics Results P

Patients with grade 1 increase in SCr from baseline during any cycle 16 (70%) 0.004

Patients with grade 2 increase in SCr from baseline during any cycle 15 (65%) 0.004

Patients with grade 3/4 increase in SCr from baseline during any cycle 11 (48%) 0.001

Cycles with any increase in SCr, from baseline 122 (76%) 0.005

Cycles associated with grade 1 increase in SCr, from baseline 59 (37%) 0.0001

Cycles associated with grade 2 increase in SCr, from baseline 48 (30%) 0.002

Cycles associated with grade 3/4 increase in SCr, from baseline 15 (9%) NS

Average (range) cycle where SCr aberration Wrst detected 2 (1–6) –
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female patients aged ¸50 years demonstrated a slight
increase in serum creatinine, though both Wndings failed to
demonstrated statistical signiWcance.

Discussion

This study is the Wrst to quantify the adverse eVects of
HDMTX on renal function during and immediately follow-
ing active treatment with HDMTX, as well as identify
which patient populations are most aVected. The incidence
of renal dysfunction in this series is much higher than pre-
viously reported [4]. It is not clear why the incidence is
higher in this study as median age and renal function are
similar to other HDMTX trials in patients with PCNSL.
One explanation may be the rarity of CTC grade 4 or
greater change in creatinine, reported in this and other
series [1, 4–6], resulting in underreporting of actual renal
toxicity in prior studies. Careful evaluation of this patient
series did not reveal obvious causes of renal dysfunction
associated with HDMTX, such as Xuctuations in urine pH,
methotrexate crystallization or acute tubular necrosis. Fur-
thermore, no drug–drug interactions or concomitant medi-
cations [1] were found in this cohort that could explain the
high incidence of renal dysfunction.

It is important to recognize the clinical signiWcance
of increased serum creatinine caused by HDMTX. As
PCNSL aVects the elderly disproportionately, small
changes to measured serum creatinine can produce pro-
found eVects upon glomerular Wltration rate (GFR). This
global change to GFR may aVect the pharmacokinetics and
pharmacodynamics of concomitant drugs in a patient pop-
ulation prone to polypharmacy [11]. Furthermore, patients
with HDMTX-induced renal dysfunction may require drug
holidays thereby preventing the application of dose inten-
sity for the treatment of PCSNL. This study demonstrates
that patients ¸50 years of age, the largest group of patients
with PCNSL, are at greater risk for subacute and acute
renal dysfunction. However, males ¸50 years of age are
particularly sensitive to the adverse renal eVects both dur-
ing HDMTX therapy and after therapy for a minimum of
4 months. Noteworthy is that fact that in our series, males
were more likely to experience a durable increase in serum
creatinine.

While this study is small in scope and is a retrospective
analysis, it provides valuable data in order to prospectively
risk-stratify PCNSL patients with respect to renal toxicity
planning to receive HDMTX. It also provides rationale for
closer monitoring, both before and after beginning treat-
ment with HDMTX, especially for patients who are at
higher risk for renal dysfunction from HDMTX due to age
and gender. The Wndings of this study may also serve to
guide clinicians regarding potential changes needed in the
treatment plan as patients receive sequential cycles of
HDMTX.

Changes in serum creatinine due to repeated administra-
tion of HDMTX led to changes in management of these
patients. In six of the ten male patients aged ¸50 years, the
elimination phase of methotrexate was prolonged leading to
persistently elevated serum methotrexate levels, which cor-
related with diminishing creatinine clearance. Clinical man-
agement of these patients included protracted inpatient
hospitalizations to facilitate vigorous hydration and, in
most cases, increased doses of intravenous leucovorin [10].
Due to a decrease in calculated creatinine clearance, four
patients required 50% dose reductions in HDMTX dose
beginning with the Wfth cycle in three patients and the sixth
cycle in one patient. Notably, patients who experienced
renal dysfunction from repeated administration of HDMTX
did not experience clinical toxicity, such as myelosuppres-
sion, hepatitis, mucositis or dermatitis associated with
sustained elevated plasma methotrexate levels. The only
recognized toxicity from HDMTX treatment in all patients
included in this series is persistent renal dysfunction in
select patients. Although it is beyond this scope of this
manuscript, patients who required prolonged hospitaliza-
tions incurred increased treatment costs associated with
administration of HDMTX.

Both patients who received carboxypeptidase-G2 in this
study on an emergency, compassionate use protocol devel-
oped acute nephrotoxicity and elevated serum methotrexate
levels abruptly. The clinical use and monitoring of carboxy-
peptidase-G2 has been well-described previously [1, 12].
Both patients required a protracted holiday from methotrex-
ate, but were successfully re-challenged with HDMTX
without repeat nephrotoxicity [6]. High-dose methotrexate
re-challenge was attempted once recovery and stabilization
of serum creatinine was demonstrated. The dose of
HDMTX used for, and subsequent to, re-challenge in these
two patients was based on most recent serum creatinine as
previously described with a goal of administration of eight
total HDMTX cycles.

Evaluation of 18 patients (78%), 4 months after the end
of therapy reveals a durable increase in serum creatinine.
While it is impossible to account for all variables that may
have been encountered or the long term applicability of
a Wnding noted 4 months after end of therapy, it appears

Table 6 Characteristics of SCr 4 months after completion of HD-
MTX (n = 18)

Characteristics Results (mg/dL)

Mean (range) SCr, all patients 1.1 (0.4–1.8)

Mean (range) SCr, males aged ¸50 years 1.3 (1.1–1.9)

Mean (range) SCr, females aged ¸50 years 1 (0.4–1.2)
123
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that the “new baseline” established upon completion of
HDMTX therapy may be due to permanent renal damage.

Limitations to this study include the following: patient
population of predominantly older patients with a single
diagnosis, i.e. PCNSL, retrospective analysis of data, lim-
ited determination of etiology of renal dysfunction (beyond
ruling out methotrexate crystallization and acute tubular
necrosis as causative) and lack of follow-up beyond
4 months following conclusion of treatment. Despite these
limitations, this study of 23 consecutive patients provides a
robust cohort with which to draw several conclusions in
order to prospectively stratify risk for patients with PCNSL
receiving or planning to receive HDMTX. The Wrst is that
males aged ¸50 years receiving sequential courses of
HDMTX are at higher risk for intra-therapy and post-ther-
apy increases in serum creatinine. These increases in serum
creatinine may necessitate changes in the treatment plan for
patients receiving subsequent cycles of HDMTX. Clini-
cians should routinely obtain 24-h urine collection for mea-
sured or serum creatinine for creatinine clearance before,
during and after a treatment course of HDMTX. Also,
administration of HDMTX to males aged ¸50 years may
require longer hospitalizations and/or more aggressive
hydration and folinic acid administration to complete each
cycle.
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