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Abstract

Trimethoprim-sulfamethoxazole (TMP/SMX) is used as prophylaxis against Pneumocystis jiroveci 
during chemotherapy. Many groups recommend withholding TMP/SMX during high-dose 

methotrexate (HDMTX) for concerns that it will delay methotrexate clearance. We compared 

methotrexate exposure following HDMTX (NCT00549848) in 424 patients including 783 courses 

that were and 602 courses that were not given concurrently with TMP/SMX. Among 176 patients 

(555 courses) on the low-risk arm (HDMTX = 2.5 g/m2/24 hours), there was no difference in 

clearance (110.7 (1.8%) vs. 108.2 (0.9%) mL/min/m2, p=0.3) nor in 42 hour methotrexate 

concentration (0.37 (5.1%) vs. 0.40 (5.0%) μM, p=0.23). Among 248 patients (830 courses) on the 

standard/high-risk arm (HDMTX ~5 g/m2/24 hours), there was slightly higher clearance (95.5 

(1.4%) vs. 91.2 (0.8%) mL/min/m2, p=0.005) in those receiving TMP/SMX, with no difference in 

the 42 hour methotrexate concentration (0.59 (4.1%) vs. 0.66 (4.2%) μM, p=0.06). There was no 

difference in neutrophil counts based on TMP/SMX during HDMTX (p = 0.83). TMP/SMX also 

did not have a significant impact on myelosuppression of low-dose methotrexate (40 mg/m2) given 

during continuation therapy among 230 patients enrolled on a prior study (NCT00137111). Thus, 

we found no evidence for an interaction between methotrexate and TMP/SMX given 

prophylactically.

 Introduction

High-dose methotrexate (HDMTX) is used to treat acute lymphoblastic leukemia (ALL)(1–

4) as well as other malignancies. In St. Jude’s front-line protocol for ALL, Total Therapy 

XVI (Total XVI), HDMTX is given for 4 doses during the consolidation phase of therapy,(5, 

6) similar to other groups.(7)
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Because ALL therapy is immunosuppressive, thrice-weekly TMP/SMX is utilized as 

prophylaxis for Pneumocystis jiroveci pneumonia (PCP) throughout therapy.(8) Many 

groups withhold TMP/SMX prophylaxis during HDMTX(9) administration due to concerns 

that TMP/SMX may inhibit methotrexate clearance, displace methotrexate from plasma 

protein binding sites, (10–12)or cause toxicity via inhibition of dihydrofolate reductase.(13, 

14)

Previously, we showed that TMP/SMX did not affect methotrexate at a dose of ~1500 

mg/m2 over 24 hours.(15) Based on this lack of interaction, our practice at St. Jude has been 

to administer TMP/SMX during HDMTX, though other groups withhold TMP/SMX. Hence, 

we extended our studies to test whether there was any interaction with higher doses of 

HDMTX, and to test for any impact of TMP/SMX on blood neutrophil counts (ANC) after 

HDMTX or low-dose methotrexate (LDMTX).

 Methods

We prospectively estimated HDMTX clearance and 42 hour plasma methotrexate 

concentrations in all patients enrolled on the Total XVI protocol from October 2007 through 

December 2014. Informed consent was obtained according to institutional guidelines. 

Consolidation therapy consisted of daily oral mercaptopurine along with HDMTX 

administered every-other-week for 4 courses (16) Patients on the low-risk arm of the 

protocol received HDMTX at 2500 mg/m2 whereas patients on the standard/high-risk arms 

received 5000 mg/m2 for the first course, followed by doses individualized to achieve a 

steady-state plasma concentration of 65 μM.5 Ten percent of the HDMTX was given over 

one hour and 90% over the subsequent 23 hours, with hydration, alkalinization, and 

leucovorin initiated at hour 42.5 Methotrexate plasma concentrations were measured at hours 

6, 23, and 42 hours using the TDx assay (Abbot Laboratories, Abbott Park, IL) and 

pharmacokinetic parameters were estimated.(5) All patients had complete blood count with 

differential measured at least weekly after each HDMTX.

TMP/SMX at 75 mg (TMP)/m2/dose every 12 hours was administered on Monday, Tuesday, 

and Wednesday throughout all of consolidation and maintenance therapy. We considered 

HDMTX courses that started on Monday or Tuesday as receiving TMP/SMX, and courses 

that started on Thursday or Friday as not receiving TMP/SMX; courses started on 

Wednesday, Saturday, or Sunday were not considered. The effects of TMP/SMX on 

HDMTX pharmacokinetics, leukocyte count, and ANC were determined using linear mixed-

effects modeling (Matlab R2015a).

We also assessed the impact of TMP/SMX on the myelosuppressive effects of LDMTX 

given during continuation among patients treated on the St. Jude Total XV protocol.(3) 

Patients received LDMTX 40 mg/m2/week IV or IM for 2 or 3 weeks out of every 4 for 120 

weeks for girls and 146 weeks for boys.(3) Blood leukocyte counts and ANC were obtained 

at least weekly. During continuation, each LDMTX was characterized as to day of week 

delivered; for each phase, patients were categorized as on TMP/SMX if LDMTX was always 

given on Monday-Wednesday, off TMP/SMX if LDMTX was always given on Thursday-

Sunday, and excluded if LDMTX and TMP/SMX were sometimes given together and 
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sometimes not. This resulted in 121 to 230 patients per phase that were evaluable for blood 

counts.

 Results and Discussion

A total of 1,385 courses of HDMTX (n=424 patients) were evaluated; 176 patients (555 

courses) on the low-risk arm and 248 patients (830 courses) on the standard/high-risk arm. 

Among patients on the low-risk arm, there was no difference in the methotrexate clearance 

between the group that did vs did not receive concurrent TMP/SMX (110.7 (1.8%) vs 108.2 

(0.9%) mL/min/m2, mean (standard error CV%); p=0.3; Figure 1A). There was also no 

difference in the methotrexate 42 hour plasma concentrations between the group that did vs 

did not (0.37 (5.1%) vs 0.40 (5.0%) μM, mean (standard error CV%); p=0.23; Figure 1B) 

receive TMP/SMX. Among patients on the standard/high-risk arms, the methotrexate 

clearance was slightly higher in the group that did vs did not receive TMP/SMX (95.5 

(1.4%) vs 91.2 (0.8%) mL/min/m2, mean (standard error CV%); p=0.005; Figure 1A). But, 

there was no significant difference in the 42 hour plasma concentrations between the group 

that did vs did not (0.59 (4.1%) vs 0.66 (4.2%) μM, mean (standard error CV%); p=0.06; 

Figure 1B) receive TMP/SMX. Moreover, by repeated measures analyses, there were no 

differences in the lowest ANC (p = 0.83) (Figure 2), the mean ANC (p = 0.95), the lowest 

leukocyte count (p=0.60), nor in the mean leukocyte count (p =0.54) based on TMP/SMX 

use.

We also compared blood counts in patients who received LDMTX with or without TMP/

SMX. Whether comparing the highest, median, lowest, or mean leukocyte count or ANC, 

during any of the 4 phases of continuation therapy, there were no differences in blood counts 

when LDMTX was given with or without TMP/SMX (data shown for lowest ANC, Figure 

2).

These observations do not support the hypothesis that TMP/SMX interferes with 

methotrexate clearance or its myelosuppressive effects. The HDMTX pharmacokinetic data 

are consistent with our prior results with HDMTX at 1.5 g/m2/24 hours.(15) The NOPHO 

ALL-92 reported more myelosuppression and a lower cumulative dose of mercaptopurine in 

patients receiving TMP/SMX (TMP 5 mg/kg/day) than in those who did not receive TMP/

SMX, with some NOPHO patients received daily rather than 2 to 3 days per week of TMP/

SMX. Heterogeneity among TMP/SMX prophylaxis regimens exists, although the majority 

of centers use a regimen similar to ours (TMP at 5 mg/kg/day or 150 mg/m2/day, divided 

into two daily doses, given 3 days per week (summarized in [ref Levinson et al]). Many 

confounding factors can contribute to myelosuppression, including the dose of 

myelosuppressive chemotherapy such as methotrexate and thiopurines, and host factors such 

as use of thiopurine methyltransferase activity.[Levinson et al] Although our study was not 

intentionally randomized, patients were generally assigned a fixed “clinic day” to receive 

scheduled therapy on the same day of the week, and thus whether they received TMP/SMX 

concurrent with HDMTX (or LDMTX) was essentially a randomly assigned event. In our 

study, unlike in some others, neither the daily dose nor weekly regimen of TMP/SMX varied 

among patients. Thus the lack of association with myelosuppression that we observed was 

unlikely to be confounded by variation in factors other than TMP/SMX, such as underlying 
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predisposition to myelosuppression, or in any changes to maintenance therapy such 

myelosuppression might have triggered. Based on our study, we have no data to support that 

TMP/SMX contributed to myelosuppression during consolidation or during continuation 

therapy.

Renal methotrexate clearance is through active transport by the organic anion transport 

system and through glomerular filtration.(11, 17, 18) (19) Previous studies have 

demonstrated that some organic acids, including sulfonamides, can inhibit the renal 

clearance of methotrexate.(20) Also, sulfamethoxazole can compete with methotrexate for 

plasma protein binding,(11) although such interactions are unlikely to significantly affect 

free drug exposure due to the modest protein binding and low unbound intrinsic clearance 

exhibited by methotrexate. In one evaluation, TMP/SMX resulted in a 60% increase in 

methotrexate exposure;(11) however, other evaluations have found less significant increases.

(10, 21)

Although an increase in methotrexate exposure with TMP/SMX at 2–3 mg/kg/day and 

methotrexate at 20–75 mg/m2/dose was observed in nine children,(11) this was not observed 

in another study with methotrexate 3.7–20 mg/m2 and TMP/SMX at 4.4–6.2 mg (TMP)/kg/

day.(21) We acknowledge that myelosuppression has been attributed to TMP/SMX by 

others. There are case reports and a study in rheumatoid arthritis of increased hematologic 

toxicities with LDMTX (5 to 15 mg per week) with TMP/SMX.(22) However, these reports 

used therapeutic (rather than the lower prophylactic) doses of TMP/SMX, and may not be 

relevant to oncology patients receiving many myelosuppressive agents. In a randomized 

crossover study of ALL using LDMTX at 20 mg/m2/week, TMP/SMX resulted in more 

myelosuppression, but doses of TMP/SMX were higher (150 mg/m2/day TMP)(13) than 

those given at St. Jude. In our current study, using LDMTX at 40 mg/m2 and prophylaxis 

doses of TMP/SMX, we were unable to demonstrate any pharmacodynamic interaction, with 

no changes in leucocyte count or ANC attributable to TMP/SMX.

We did not evaluate mucositis or liver function tests in those on vs off TMP/SMX. Mucositis 

is of course a function of several variables, including methotrexate and leucovorin exposure; 

we have previously reported our very low frequency of grade 3 or 4 mucositis (3%) with our 

method of methotrexate administration, including targeting systemic exposure based on 

individual clearance and pharmacokinetically-directed leucovorin rescue.(5) Serum liver 

function tests were not uniformly evaluable in all patients in an unbiased fashion, and thus 

the data are not available for an unbiased comparison in those on vs off TMP/SMX.

In conclusion, with the HDMTX and LDMTX regimens and prophylactic doses of 

TMP/SMX described herein, there is no evidence for a pharmacokinetic interaction between 

TMP/SMX and methotrexate, and no evidence of an impact on myelosuppression. 

Therefore, continuation of PCP prophylaxis with TMP/SMX on a schedule of twice daily for 

three consecutive days, without regard to methotrexate, remains a reasonable strategy.
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Figure 1. MTX clearance and 42 hr exposure subdivided by risk group and TMP/SMX status
(A) Boxplot of individual methotrexate clearance estimates subdivided by risk group and 

TMP/SMX status. The bar, box, and whiskers represent the median, 25th–75th percentile, 

and non-outlier range respectively. n is the number of courses in each group. (B) Boxplot of 

individual methotrexate 42 hour plasma concentration subdivided by risk group and 

TMP/SMX status. The bar, box, and whiskers represent the median, 25th-75th percentile, and 

non-outlier range respectively. n is the number of courses in each group.
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Figure 2. Lowest AUC subdivided by treatment phase and TMP/SMX status
Boxplots of lowest ANC per phase during HDMTX on Total XVI (left panel, shown for 

consolidation #1 only) and for LDMTX on Total XV (right panels, shown for weeks 21–47, 

48–95, 96–120, and 121–140). The bar, box, and whiskers represent the median, 25th-75th 

percentile, and non-outlier range respectively. n is the number of patients in each group.
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