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Abstract

Aim: MTX is a folate-inhibitor drug. HD-MTX (dose higher than 500mg/m2), is specifically indicated in the treatment of

leukemia, lymphoma, and osteosarcoma in both adult and pediatric patients. The achievement of optimal MTX exposure

and disease remission, on the one hand, and prevention of HD-MTX toxic side effects, on the other hand, are major clinical

challenges. The objective of the present study is to identify risk factors of DEM+ in pediatric and adult patients treated with

HD-MTX for blood cancer.

Methods: We retrospectively analyzed data from adult and pediatric patients who received intravenous HD-MTX as part of

treatment for blood cancer and underwent routine TDM.

Results: A total of 395 HD-MTX samples issued from 56 patients (22 F/34 M) were analysed. The number of HD-MTX

courses was 195. The median number of MTX dosages per course was two [min:1-max:7]. The cut-off value associated with

a risk of DEM+ was 72h. DEM+ (Toxic Cmin after 72h of the start of MTX administration) was observed in 179 of the 395

samples (47.7%), 26 of the 195courses (13.3%) and 17 of the 56 patients (30.3%). The present study have clearly demonstrat-

ed that renal impairment, a MTX dose exceeding 2.5g/course and male gender are predictive factors of high-risk of MTX

over-exposure. Consequently, these patients should be monitored closely and may require enhanced hydration, urine alkal-

ization, and appropriate leucovorin administration, in order to optimize efficacy and safety of MTX.

Conclusion: Further studies are needed to assess quantitative relationship between MTX exposure and toxic MTX side ef-

fects occurrence.
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Introduction

Methotrexate  (MTX),  is  a  folate  inhibitor  drug,

widely  used  in  rheumatoid  arthritis,  psoriasis  and  malig-

nant  diseases  (1).  High-dose  methotrexate  (HD-MTX),

defined as a dose higher than 500 mg/m2, is specifically indi-

cated in the treatment of leukemia, lymphoma, and osteosar-

coma in both adult and pediatric patients [1].

Cytotoxic action of MTX is explained by the inhibi-

tion of dihydrofolate reductase production leading to the de-

crease of the stocks of tetrahydrofolate, required for cell re-

plication  and  DNA  synthesis.  This  effect  is  concentra-

tion-dependent and mainly observed in rapidly multiplying

cells, which explains the effectiveness of HD- MTX in blood

cancer [1,2].

However,  the  effectiveness  of  HD-MTX  could  be

outweighed by critical  organ damage,  including myelosup-

pression,  kidney  injury,  liver  disorder,  emesis,  mucositis

and skin lesion, which are reported in 2% to 12% of patients

[3,4]. This toxicity can lead in some cases to MTX interrup-

tion and switch to other  chemotherapy agent  more expen-

sive and less effective.

For  these  reasons,  the  achievement  of  optimal

MTX exposure and disease remission, on the one hand, and

prevention  of  HD-MTX  toxic  side  effects,  on  the  other

hand,  are  major  clinical  challenges.

In order to prevent severe toxicity of this drug, uri-

nary alkalinization and hyperhydration protocols are need-

ed  to  enhance  the  solubility  and  dilution  of  MTX  in  the

urine [5]. Besides, leucovorin (LV) rescue administration; ie

calcium folinate derivates, following HD-MTX treatment is

mandatory, to prevent tissue damage [3,6]. However, exces-

sive  LV  rescue  may  reduce  anti-tumoral  efficacy  of  MTX

[7].  Therefore,  monitoring  the  serum  concentrations  of

HD-MTX  is  very  useful  to  define  the  appropriate  dose  of

LV, and therefore, to optimize the balance between efficacy

and adverse events of this drug.

Previous  studies  have  demonstrated  that  toxic

HD-MTX effect are closely related to prolonged exposure to

toxic MTX concentrations due to delayed MTX elimination

[8-11]. Therefore, risk factors for delayed MTX elimination

should be clarified in order to stratify patient’s risk and pre-

vent MTX toxicity.

The  objective  of  the  present  study  is  to  identify

risk factors of delayed MTX elimination (DEM+) in pedia-

tric and adult patients treated with HD-MTX for blood can-

cer.

Patients and Methods

Patients and Data Collection

We  retrospectively  analyzed  data  from  adult  and

pediatric  patients  who  received  intravenous  HD-MTX  as

part  of  treatment  for  blood  cancer  and  underwent  routine

therapeutic drug monitoring (TDM).

These  data  were  collected  from  May  2008  to  De-

cember 2021 from the TDM digital database of the Pharma-

cology Department of Monastir (Tunisia).

For each patient, the following parameters were re-

corded: age, gender, weight, serum creatinine clearance (Cr-

Cl), MTX-HD dose, indication MTX-HD regimen, drug in-

fusion  time,  and  needed  dose  of  LV  following  HD-MTX

treatment.

CrCl was calculated using the Cockcroft and Gault

equation.  Renal  function  was  analyzed  as  binary  variables:

patients with renal impairment if CrCl is < 80 mL/min, and

those with normal renal function if CrCl is >80 mL/min.

HD-MTX Regimen

HD-MTX treatment regimen was different accord-

ing  to  the  indication  and  patient’s  age.  For  acute  lym-

phoblastic  leukemia  (ALL)  and  non-Hodgkin’s  lymphoma

in  childhood,  HD-MTX  was  administered  at  a  dose  of  5

g/m² for 24 hours, according to European Organization for

Research and Treatment of Cancer (EORTC) recommenda-

tions  [12].  For  ALL  in  adults,  the  Group  for  Research  on

Adult  Acute  Lymphoblastic  Leukemia (GRAALL) protocol

was  applied;  i.e.  MTX  was  administered  during  consolida-

tion  phase,  at  a  dose  of  3  g/m2  during  a  24-hour  infusion

[13].  Regarding treatment of childhood mature B-cell  lym-

phoma and leukemia, MTX was administered at a dose of 8

g/m² during a 24-hour infusion in case of patients experienc-
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ing a central nervous system disturbance, and 3 g/m² during

a 3-hour infusion in case of absence of central nervous sys-

tem localization [12].

LV rescue began 24 hours after the MTX infusion,

starting at a dose of 15 mg/m²/6h in case of childhood ma-

ture B-cell lymphoma and leukemia. This supportive treat-

ment was introduced 36 hours after the start of the MTX in-

fusion at a dose of 12 mg/m2/6 h in the case of ALL and

non-Hodgkin’s lymphoma in both childhood and adult pa-

tients.

MTX  levels  were  closely  monitored  every  24

hours. LV was maintained until MTX serum level fell below

nontoxic serum levels.

Determination of MTX Serum Concentration

Venous  blood  samples  were  collected  into  tubes

containing  EDTA,  and  then  the  plasma  was  separated.

Blood samples for the determination of MTX concentration

were taken at 24, 48 and 72 hours after starting HD-MTX in-

fusion. For patients with a 72-h plasma MTX concentration

above 0.2 and 0.15 μmol/l, monitoring was continued every

24 hours until the plasma MTX concentrations fell below th-

ese values, in cases of 24 and 3 hours MTX infusion time, re-

spectively.

MTX concentrations were determined using an en-

zyme multiplied  immunoassay  technique  (V-Twin System,

Siemens Healthcare Diagnostics).  Blood samples exceeding

the upper limit of the calibration range were diluted accord-

ing to the manufacturer’s protocol.

Statistical Analysis

The statistical analysis was performed using Med-

Calc  (Version  20.218).  The  normality  of  data  was  assessed

using  a  Shapiro-Wilk  test.  Continuous  variables  were  ex-

pressed as mean ± standard deviation if data were normally

distributed and as median and range, otherwise.

For categorical data, number and percentage were

provided.

Receiver  operating  characteristic  (ROC)  curve

analysis was performed to define the threshold of the MTX

delayed elimination. Accordingly, we classified the patients

into two groups:

Delayed  MTX  Elimination  (DEM+):

patients  having  a  toxic  CMTX  after  the  time

threshold defined by ROC curve.

Non-Delayed MTX Elimination (DEM-):  patients

having  a  CMTX  less  than  toxic  value  after  time  threshold

defined by ROC curve.

To assess risk factors associated with delayed MTX

elimination, a univariate analysis was performed separately

for  each  tested  factor  (age,  weight,  gender,  renal  impair-

ment,  MTX dose,  MTX infusion time).  Differences in pro-

portions for independent data were assessed by the χ2-test.

Comparison of continuous data was performed by Student

t-test  for  normally  distributed  data.  Wilcoxon  and  Man-

n-Whitney U tests were applied to compare non- normal da-

ta for dependent and independent continuous variables, re-

spectively.  After  evaluation  of  the  distribution  of  continu-

ous  data,  parametric  tests  were  applied  for  normally  dis-

tributed  variables  and  non-parametric  tests  were  applied

otherwise.

All variables having a p-value < 0.20 in the univari-

ate analyses were included in the multivariate analysis mod-

el. Actually, a logistic regression was performed to define in-

dependent  risk  factor  for  DEM+.  A  p-value  less  than  0.05

was considered as statistically significant.

Results

A  total  of  395  HD-MTX  samples  issued  from  56

patients (22 Females / 34 Males) were analysed. The patien-

t’s  median  age  was  8.5  y  [1  y-  72  y].  Among  them,  37

(66.1%)  were  children  and  19  (33.9%)  were  adults.

The  number  of  HD-MTX  courses  was  194.  The

median number of MTX dosages per course was two [min:

1-max: 7].

Indications of HD-MTD were acute lymphoblastic

leukaemia (31 patients (55.3%)), non-Hodgkin’s lymphoma

(21 patients (37.5%)), lymphoblastic lymphoma T (1 patient

(0.17%)), lymphoblastic lymphoma B (1 patient (0.17%)), os-

teosarcoma  (1  patient  (0.17%)),  and  cutaneous  lymphoma
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(n=1 patient (0.17%)). The demographic and clinical param-

eters of these patients are summarized in Table 1.

ROC  analysis  of  MTX  time  concentration  (intro-

duced as binary variable: Cmin toxic/Cmin non-toxic), has

shown a significant AUC level of 0.71 (P < 0.001). The cut-

off value associated with a risk of DEM+ was 72 h; i.e., per-

sistence of toxic MTX Cmin; was ≥72 h (sensitivity: 69.0 %;

specificity: 69.5 %). (Figure 1)

DEM+ MTX (Toxic Cmin after 72 h of the start of

MTX administration) was observed in 179 of the 395 sam-

ples (47.7%), 26 of the 194 courses (13.4%) and 17 of the 56

patients (30.3%).

The  univariate  analysis  showed  that  weight,  gen-

der, MTX dose, MTX infusion time, renal impairment and

course  number  were  found  to  be  risk  factors  for  DEM+

(Table  2).

The  multivariate  analysis  showed  that  gender,

MTX dose and renal impairment remains independent risk

factors of DEM+ (Table 2). Patients with renal dysfunction

were  found  to  have  5.9  higher  risk  of  DEM+  than  those

with  normal  renal  function.

Besides,  the  cut-off  value  of  dose  associated  with

DEM+ risk was > 2.5 g/course (OR: 4.82; p: 0.001, 95 % CI:

[2.24-9.15]) (Figure 2 & 3).

Table 1: Patient’s characteristics of whole population, patients with delayed (DEM+) and non-delayed (DEM-) elimination MTX

Whole
population(N = 56

patients, 395
samples, 194

courses)

DEM+ (N = 179 samples,
26 courses)

DEM- (N = 216
samples, 168

courses)

Age<18 y>18 y 37 (66.1%)19
(33.9%) 133 (74.3%)46 (25 .7%) 153 (70.8%)63

(29.2%)

Weight (kg) 30 [10-90] 30 [10-90] 30 [10-90]

Gender (M/F) 34/22 (1.54) 123/56 (2,19) 123/93 (1.32)

Cancer typeAcute lymphoblastic leukemia Non-hodgkin’s
lymphomaLymphoblastic lymphoma BLymphoblastic lymphoma TCutaneous

lymphomaOsteosarcoma

31 (55.3%)21
(37.5%)1 (0.17%)1
(0.17%)1 (0.17%)1

(0.17%)

109 (60.8%)52 (29%)10
(0.55%)2 (0.11%)3
(0.17%)3(0.17%)

107 (49.5%)77
(35.6%)17

(0.78%)6 (0.27%)1
(0.04%)8 (0.37%)

MTX dose (g)/course 5 [1.2-17] 5 [1.2-17] 5 [1.2-17]

MTX time infusion 3-h infusion 24-h infusion 230165 9188 13977

Renal impairement 7 patients (30 C
MTX

) 6 patients (24 C
MTX

) 4 patients (6 C
MTX

)

Number of courses 2 [1-9] 3 [1-9] 2 [1-9]

MTX concentration < toxic levelat 24hat 36hat 48hat 72h at 96hat 120h>120 h

146/395
(36.9%)1/41
(0.02%)1/17

(0.5%)42/158
(2.6%)60/96
(6.2%)20/37
(5.4%)8/14

(5.7%)14/32
(4.3%)

102/146(69.8%)00060/102
(58.8%)20 /102
(19.6%)8/102

(7.8%)14/102 (13.8%)

44/146(30.2%)1/44
(2.3%1/44

(2.3%)42/44
(95.4%)----

Leucovorin rescue at 24 hat 36 hat 48 hat 72h at 96at 120 h>120 h 841150107313 34000117313 5011490000

Associated
chemotherapy :EndoxanCytarabinVincristinPurinetholDoxorubicinOncovinImatinibL

asparaginase
2932561021735515 1011225171738 19213451101827
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Table 2: Risk factors associated with delayed elimination MTX

Univariate analysis MultivariateAnalysis

Binary variable p- value Odds ratio(95% confidence interval) p- value

Age (<18 y/ >18 y) 0.79 - -

Gender (M/F) 0.016 2.11 [1.31- 3.39] 0.002

MTX time infusion* 0.0069 1.30 [0.84- 2.01] 0.23

Renal impairement (Y/N) 0.0003 5.97 [2.01- 17.72] 0.001

Number of courses (1 or >1) 0.005 0.83 [0.51- 1.33] 0.44

Continuous variable p- value Β-coefficient (95% confidence
interval) p- value

MTX dose/course 0.0002 0.91 [0.83- 0.99] 0.03

Weight 0.001 0.99 [0.98- 1.00] 0.47

* For whole population, characteristics (age, gender, indications) were presented according to patients and they were presented according to
MTX sampling, elsewhere.

Figure 1: Receiver operating characteristic (ROC) curve analysis of delayed elimination in patients receiving HD-MTX
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Figure 2: ROC curve analysis of MTX doses associated with delayed elimination

Figure 3: Comparaison of doses between patients with delayed and non- delayed elimination MTX

Discussion

In the present study, renal impairment, MTX dose

and male gender were found to be independent risk factors

for DEM in patients treated with HD-MTX. These findings

are  of  a  clinical  importance  as  they  identify  patients  at  a

high risk for  severe toxic  effects,  particularly  bone marrow

suppression, oral mucositis and nephrotoxicity, in order to

plan adequate supportive care to prevent such effects in th-

ese patients [1,8,15].

HD-MTX  is  the  cornerstone  in  the  treatment  of

ALL  and  non-Hodgkin’s  lymphoma.  This  chemotherapy

was introduced early since 1948, and has proven its effective-

ness  in these indications [1,7].  This  agent inhibits  the pro-

duction  of  dihydrofolate  reductase  and  decreases  the  pro-

duction  of  purine  nucleotides  and  thymidylate,  which  are

both  required  for  cell  replication  and  DNA  synthesis  [2].

The pharmacokinetic of MTX is characterized by a wide in-

tra-individual variability, thus TDM is mandatory to define

LV dose and time for patient’s hospital discharge [4,11,16].

This approach could optimize the balance risk–benefit and

particularly  reduce  toxicity  of  MTX,  which  could  increase

adherence and decrease mortality.

In  our  study,  the  time  to  achieve  nontoxic  MTX

concentration was found to be 72 h after starting MTX infu-

sion, as demonstrated by the ROC curve. This result is in ac-
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cordance with previous data considering that normal MTX

elimination is defined as a CMTX-72h less than 0.15µmol/L,

which is associated with optimal MTX exposure and lower

incidence of MTX toxic side effects [16,17]. In this context,

Cheng et al. showed that children with a 66h-MTX concen-

tration higher than 0.2 µmol/l have a 8.2-fold increased risk

of developing oral mucositis when compared with those hav-

ing a 66-h MTX concentration lower than 0.2µmol/l [18].

Moreover, Xu et al. demonstrated that thrombocytopenia

was significantly higher in patients with DEM+ [19]. This

lets us suppose that 72 h is the time matching with LV res-

cue withdrawal and patient’s hospital discharge.

In  the  present  cohort,  a  DEM+  was  found  in

13.3% of MTX courses, which is quite similar to frequencies

reported  previously  [15,17,20].  For  example,  Nakano  et  al.

found that DEM+ was observed in 7.8% of HD-MTX cours-

es administered to 88 children with ALL or non-Hodgkin’s

lymphoma. This indicates that this group was overexposed

to MTX, which could result in life-threatening toxicity such

as myelosuppression, digestive complications, acute hepati-

tis and acute kidney injuries,  as have been shown in previ-

ous publications [3,8,18,20].

In order to prevent HD-MTX toxic side effects, nu-

merous  previous  reports  have  focused  on  identification  of

DEM+ risk factors based on case-control studies. In this re-

spect, several factors have been identified such as hypoalbu-

minemia, high plasma amount of bilirubin and drug interac-

tions  [21,22].  Regarding  the  MTX  dose,  most  of  previous

studies focusing on ALL in children have shown that DEM+

is  strongly  associated  with  HD-MTX  [15].  For  instance,

Nakano et  al.  showed that  doses  higher  than 3g/course  in-

creased 10.8-fold  the  risk  of  DEM+,  which is  in  alignment

with  our  results  [15,19].  We  have  indeed  identified,  based

on ROC analysis, a cut-off level of MTX dose of at least 2.5

g/course;  i.e.,  a  patient  receiving  a  dose  higher  than  2.5  g

have almost 5-fold risk of DEM+, compared with lower dos-

es. However, this cut-off dose is slightly lower than those re-

ported  previously,  as  approximately  one-third  of  our  pa-

tients  were  adults  and  required  lower  doses  of  MTX  than

those required in children

 Moreover,  limited  data  have  assessed  the  impact

of infusion time on DEM. In this respect, Woessmann et al.

found that long infusion duration is a risk factor for DEM+

as a 24-hour infusion time allowed the achievement of high-

er MTX exposure compared with 3-hour infusion [8]. How-

ever,  this  hypothesis  has  not  been  supported  by  other

studies.  For  instance,  Reeves  et  al.  [23]  and  Xu  et  al.  [19],

showed  that  the  prolonged  administration  (24-hour  infu-

sion)  did  not  increase  the  MTX elimination  delay  as  com-

pared with short  infusion time (3-hour  administration),  as

ours.

Besides,  our results showed that males were twice

more exposed to develop DEM+ than females. The relation-

ship between gender and pharmacokinetic parameters or de-

layed excretion of MTX has been investigated in few studies

with  controversial  results  [6,22,24].  In  this  context,  Zhang

et al. did not find any significant difference of MTX DEM in-

cidence  between  males  and  females  (5.24%  vs  7.89%;  p  =

0.059) [6]. In contrast, Liang et al. have shown that a DEM+

was  4.2-more  frequent  in  male  than  in  female  receiving

HD-MTX, which is consistent with our findings (24). Simi-

larly, Wiczer et al. demonstrated that males have a 2.3-high-

er  risk  of  nephrotoxicity,  and  then  of  DEM+  as  compared

with females [22].

Interestingly,  renal  impairment  was  identified  as

the  major  risk  factor  for  DEM+  in  our  cohort,  as  patients

with  a  CrCl  ≤  80  ml/min  have  a  5.9-fold  risk  to  have  a

DEM+  than  patients  having  a  normal  renal  function.  This

finding  is  consistent  with  previous  reports  which  demons-

trated that DEM+ MTX were closely related to a decrease in

CrCl,  as  more  than  90%  of  MTX  is  eliminated  by  kidneys

[3,25-27].  This  could  result  in  the  accumulation  of  MTX

and an increased risk for additional  toxic side effects;  such

as  myelosuppression,  mucositis,  hepatotoxicity,  and,  in  se-

vere cases, multi-organ failure. Thus, regular MTX concen-

tration  monitoring,  increased  hydration  and high-dose  LV

are mandatory to  enhance MTX excretion in patients  with

renal  impairment  and to  allow administer  ring  subsequent

HD-MTX courses.

Our study has several limitations. First, LV admin-

istered  dose  and  associated  chemotherapy  were  not  men-

tioned in all patient’s records. Second, some clinical (diges-

tives  symptomatology,  mucosal  and  cutaneous  affection..)

and biological parameters (albuminemia , liver enzymes) re-
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lated  to  MTX toxic  side  effects  were  requested  in  patient’s

information form, however clinicians do not usually precise

them.

In  conclusion,  the  present  study  have  clearly  de-

monstrated  that  renal  impairment,  a  MTX  dose  exceeding

2.5 g/course and male gender are predictive factors of high-

-risk  of  MTX  over-exposure.  Consequently,  these  patients

should be monitored closely and may require enhanced hy-

dration, urine alkalization, and appropriate LV administra-

tion, in order to optimize efficacy and safety of MTX. Fur-

ther studies are needed to assess quantitative relationship be-

tween  MTX  exposure  and  toxic  MTX  side  effects  occur-

rence.
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