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Abstract. In the high‑dose methotrexate (HD‑MTX) treat‑
ment of patients with osteosarcoma, a dose‑adjustment method 
using individual pharmacokinetic parameters (PK method) to 
optimize the concentration was developed in 2010. However, 
to the best of our knowledge, the clinical usefulness of the PK 
method has not been verified until now. In the present retro‑
spective study, to assess the usefulness of the PK method, the 
achievement rate of an effective and safe concentration range 
was evaluated. A total of 43 patients with osteosarcoma who 
were administered HD‑MTX therapy (43 first courses and 
200 subsequent courses) were enrolled. The MTX dose in the 
first course was determined using a common method based 
on body surface area (BSA method); a total of 8‑12 g/m2 was 
administered as an initial dose for 1 h and a maintenance dose 
for 5 h. In the subsequent courses, loading and maintenance 
doses were calculated by the PK method based on the serum 
MTX concentration profile of the previous course. The effec‑
tive target concentration during 1‑6 h after the start of MTX 
administration was 700‑1,000 µmol/l, whereas the target safe 
MTX level was less than 10, 1 and 0.1 µmol/l at 24, 48 and 
72 h, respectively. Notably, the rate of achieving the effective 
target concentration was significantly higher when using the 
PK method as compared to that when using the BSA method. 
The achievement rate of the safe target concentration at 24, 48 

and 72 h when using the PK method was significantly higher. 
Additionally, the incidence of abnormal laboratory values of 
aspartate aminotransferase and alanine aminotransferase was 
significantly lower when using the PK method. Therefore, 
the PK method was suggested to be very useful in HD‑MTX 
therapy for patients with osteosarcoma.

Introduction

Methotrexate (MTX) inhibits the enzyme that converts dihy‑
drofolate to tetrahydrofolate and exhibits antineoplastic and 
immunosuppressive effects (1,2). For the antineoplastic effects 
of MTX, it is necessary to increase drug delivery to cancer 
cells by passive membrane transport based on concentration 
gradients. Therefore, high‑dose MTX (HD‑MTX) therapy is 
used in clinical settings. However, administration of HD‑MTX 
to the body causes severe toxicity in normal cells, resulting 
in lethal side effects. Therefore, leucovorin, an active folate, 
is administered to reduce this toxicity (3‑6). Inhibition of the 
folate cycle of MTX in cancer cells is not compensated by 
leucovorin because cancer cells do not have a mechanism for 
leucovorin uptake (4,6‑8). Due to this advantage, HD‑MTX 
therapy is widely used at present and exhibits high efficacy in 
various carcinomas, especially osteosarcoma (9‑14).

MTX exhibits time‑dependent antitumor effects, and 
exposure time as well as the maximum concentration (Cmax) 
are important in HD‑MTX therapy (2,10,15). When MTX 
is infused continuously for over 4‑6 h, Cmax of more than 
700‑1,000 µmol/l is associated with prolonged disease‑free 
survival, tumor necrosis, and improved 5‑year survival rates 
in patients with osteosarcoma (16‑21). However, in infusing for 
over 6 h, Cmax of more than 1,000 µmol/l is suggested to no 
longer improve the efficacy (20). Therefore, in the clinical field, 
where continuous infusion over 6 h is widely used, increasing 
the Cmax to about 700‑1,000 µmol/l for successful treatment is 
recommended. In contrast, some reports suggest that Cmax is 
not associated with clinical efficacy (10,21‑23). Intra‑individual 
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variability in blood MTX levels has been pointed to as a factor 
underlying these contradictory results (24,25). Because of the 
large intra‑individual variability in MTX clearance depending 
on each course of HD‑MTX therapy, it is thought that many 
of the previous studies have not been able to assess adequate 
blood MTX levels. Therefore, the importance of blood MTX 
concentrations in efficacy remains inconclusive. However, 
dosing regimens in HD‑MTX therapy have been designed 
based on blood MTX levels, as these levels may be the only 
predictive factor for efficacy.

Adverse events are also a major problem in HD‑MTX 
therapy, and even with leucovorin rescue, HD‑MTX therapy 
remains highly toxic. For safety, serum MTX concentra‑
tions of less than 10, 1, and 0.1 µmol/l at 24, 48, and 72 h, 
respectively, after starting MTX administration are recom‑
mended (1,6,21,26‑31). Delayed MTX excretion not only 
causes serious adverse events such as myelosuppression, 
renal dysfunction, hepatic dysfunction, and mucositis but also 
makes it difficult to continue the treatment and worsens patient 
prognosis (1,10). Approximately 10% of deaths in patients with 
osteosarcoma are reported to be caused by factors other than 
osteosarcoma, and MTX is considered to be the most impor‑
tant causative drug related to death (32). Therefore, less toxic 
therapies for osteosarcoma that do not depend on HD‑MTX 
therapy have also been investigated (33,34), however their 
clinical applicability has not been established. Consequently, 
the safe administration of HD‑MTX therapy, which has a 
high risk of adverse effects, is crucial for patient prognosis 
and requires that blood MTX levels be maintained within the 
effective concentration range, followed by a rapid reduction to 
the safety range.

The body surface area (BSA) method, which calcu‑
lates the dose based on BSA, is widely used in HD‑MTX 
therapy and shows that 8‑12 g/m2 of MTX is required to 
achieve a Cmax >700 µmol/l by continuous infusion for 
6 h (4,16,18,20,23,28,35). However, the serum concentra‑
tion of MTX varies by 5‑10 times in BSA‑based dosing 
designs (21‑23,36), because the BSA method does not account 
for intra‑individual variability between courses (24,25), in 
addition to inter‑individual variability in MTX clearance 
due to several factors, including renal function, gender, and 
age (37‑40). Thus, the high efficacy and safety of HD‑MTX 
therapy cannot be ensured in several cases. As an individualized 
dosing method that also considers intra‑individual variability, 
methods utilizing pharmacokinetic (PK) parameters have 
attracted research attention (41). In 2010, to stabilize blood 
MTX levels in individuals with osteosarcoma, Fujita et al (42) 
developed a dose‑adjustment method using the PK parameter 
(PK method) for each patient to calculate MTX dose for 
loading (0‑1 h) and maintenance (1‑6 h) infusion by analyzing 
individual PK parameters of the serum MTX concentration 
profile from the previous course and showed its safety despite 
of larger dose compared to traditional constant rate infusion 
for 0‑6 h in nine patients with osteosarcoma. However, whether 
the PK method can control the blood MTX concentration to 
the effective range and safely administer MTX in comparison 
with the conventional BSA method, remain known. To opti‑
mize the treatment of osteosarcoma patients with HD‑MTX 
therapy, appropriate evaluation of the effect on blood levels 
and the safety of the PK method is necessary. Therefore, in 

this study, to verify the utility of the PK method for designing 
individualized dosing in HD‑MTX therapy, the target concen‑
tration achievement rate for efficacy and safety using the BSA 
and PK methods was evaluated retrospectively.

Materials and methods

Subjects and HD‑MTX regimen. Patients with osteosar‑
coma who underwent HD‑MTX therapy at the Department 
of Orthopedic Surgery, Gunma University Hospital, from 
April 2004 to March 2020 were enrolled in this study. During 
the HD‑MTX therapy, the MTX dose in the first course was 
determined by the BSA method; a total of 8‑12 g/m2 was 
administered as an initial dose for 1 h and a maintenance dose 
for 5 h. In the subsequent courses, loading and maintenance 
infusion doses were calculated by the PK method using the PK 
parameters of each patient, which were calculated based on 
their serum concentration profiles from the previous course, 
according to the report by Fujita et al (42). The target serum 
MTX concentration was 700‑1,000 µmol/l after 1‑6 h, and less 
than 10, 1, and 0.1 µmol/l at 24, 48, and 72 h, respectively, 
from the start of administration. The loading and maintenance 
doses can be slightly adjusted according to the discretion of 
the attending physician. Leucovorin rescue was initiated 24 h 
after starting HD‑MTX therapy. Leucovorin was started at a 
dose of 21 mg administered every 3 h and adjusted according 
to the serum concentration of MTX at 48 and 72 h. After 72 h 
of MTX treatment, leucovorin was continued until the serum 
MTX concentration reached 0.1 µmol/l. Sodium bicarbonate 
was administered to maintain urine pH >7, and hydration and 
acetazolamide were administered to maintain urine volume.

Data collection and assessment. Electronic medical records 
from Gunma University Hospital were used to retrospectively 
survey patient history and MTX‑related laboratory data. The 
following characteristics were surveyed: age, sex, height, 
weight, BSA, diagnosis, site of onset, MTX dose, serum MTX 
concentration (a total of 10 points at 1, 2, 4, 6, 7, 9, 12, 24, 48, 
and 72 h after the start of MTX treatment, as C1‑C72), number of 
courses of HD‑MTX therapy, laboratory data [aspartate amino‑
transferase (AST), alanine aminotransferase (ALT), and serum 
creatinine levels], and treated patients with toxic MTX levels. 
As an efficacy index, the achievement of the MTX effective 
concentration (700‑1,000 µmol/l) at Cmax and the mean concen‑
tration during maintenance dose [Cmean (1‑6)] were evaluated. The 
achievement of the safety range (C24 <10 µmol/l, C48 <1 µmol/l, 
C72 <0.1 µmol/l), and the incidence of hepatic and renal dysfunc‑
tion within 1 week after MTX administration were assessed to 
determine safety. AST, ALT, and creatinine clearance (Ccr) were 
used as indices of hepatic and renal dysfunction, respectively, 
and the Common Terminology Criteria for Adverse Events 
version 5.0 was used to evaluate the grade of the adverse event.

Calculation of dosage in the PK method. The PK param‑
eter was calculated on a 10‑point scale based on the serum 
MTX concentrations using the method described by 
Fujita et al (42). Assuming that the serum concentration 
profiles of MTX were represented by a linear two‑compart‑
ment model, the serum MTX concentrations before and 
after the end of maintenance dose were applied to equations 



ONCOLOGY LETTERS  25:  70,  2023 3

(1) and (2), respectively, and the nonlinear least‑squares 
MULTI program was used to calculate α, β, the elimination 
rate constant (k10), and distribution volume of the central 
compartment (v1) (43).

Where Cp: Serum concentration; I0: Infusion rate; v1: 
distribution volume of central compartment; α and β: elimi‑
nation rate constants at distribution and terminal phase (the 
real solutions of the equation [s2 + (k10 + k12 + k21)][s + (k21 

+ k10)]=0), respectively; k10: the elimination rate constant; 
k12 and k21: inter compartmental transfer rate constants; t: 
time after the start of administration, and t0: the duration of 
infusion (6 h).

The loading and maintenance infusion doses were calcu‑
lated using the equations (3) and (4). α and β were calculated 
from equations (1) and (2), and CLtot was estimated by dividing 
the total dose by the area under the concentration‑time curve 
(AUC) calculated using the trapezoidal method. Ctarget was set 
at 700 µmol/l; tinf for loading infusion and maintenance infu‑
sion was 1 and 5 h, respectively, and MWMTX was 454.45.

Where Ctarget is the target concentration; tinf is the infusion 
time; MWMTX is the molecular weight of MTX, and CLtot is the 
total body clearance.

Statistical analysis. Unpaired Student's t‑test was used to 
compare the mean values of the PK parameters of the BSA and 
PK methods. The achievement rates of target concentrations 
of efficacy and safety and the incidence of adverse events of 
each dosing method were compared using Pearson's chi‑square 
test or Fisher's exact test. Adverse events were divided into two 
categories for analysis: Grade ≥2 adverse events, which required 
treatment, and grade ≤1 adverse events, which did not require 
treatment. Logistic regression analysis was used to correct for 
the effects of known factors (age, sex, creatinine clearance 
immediately before MTX administration, and MTX dosage) on 
the association of each dosing method with delayed MTX excre‑
tion assessed by C24, C48, and C72 and adverse events (37‑40,44). 
Statistical analysis was performed using the SPSS software 
version 26.0 (SPSS, Inc., Chicago, IL, USA). P<0.05 was consid‑
ered to indicate a statistically significant difference.

Results

Characteristics of patients. Patient characteristics are shown 
in Table I. A total of 43 patients were included, with a median 

age of 17.0 years. In the first dose, 43 courses with the BSA 
method were performed. In the subsequent courses, 200 
courses of the PK method were performed.

MTX concentration and clearance for each dosing design. 
Table II and Fig. 1 show the dosing and blood concentration 
profiles in the BSA and PK methods. There were no significant 
differences in the MTX dosage and mean blood concentra‑
tion of the effective range between the BSA and PK methods. 
The serum concentration was the highest immediately after 
completion of loading infusion (at 1 h), and the coefficient of 
variation was 26.7% in the BSA method and 17.4% in the PK 
method. Similarly, for Cmax and Cmean (1‑6), the coefficients of 
variation of the BSA method were 23.2 and 18.5%, and those 
of the PK method were 17.2 and 16.3%, respectively. MTX 
clearance varied from 2.74‑8.14 l/h in the first course admin‑
istered by the BSA method, with a 0.74‑2.84‑fold change in 
MTX clearance after the second course compared to the first 
course (Fig. 2).

Achievement rates of target concentrations are shown 
in Table III. The rate of achieving the target concentration 
(700‑1,000 µmol/l) of Cmean (1‑6) was significantly higher in the 
PK method than in the BSA method (P=0.030), but that of Cmax 
was not significantly different (P=0.735). On the contrary, zero 
cases of Cmax >1,500 µmol/l were found in the PK method, 
which was significantly lower than the two cases in the BSA 
method (P=0.033). The rates of reaching the safety range for 
C24, C48, and C72 were significantly higher in the PK method 
than in the BSA method at all concentrations (P<0.001, 
P=0.003, and P=0.006, respectively). Of the cases, wherein 
C48 became toxic, four courses of the BSA method and two 
courses of the PK method required advanced intervention with 

Table I. Characteristics of patients.

Characteristics values

Sex, n (%) 
  Male 26 (60.5)
  Female 17 (39.5)
Median age (range), years 17 (8‑74)
Median body surface 1.56 (0.71‑1.98)
area (range), m2

Median total number of 5 (1‑12)
courses of HD‑MTX
therapy (range)
Median serum creatinine at 0.57 (0.22‑1.67)
diagnosis(range), mg/dl
Median creatinine clearance 135.38 (61.07‑307.58)
at diagnosis (range), ml/min
Location, n (%) 
  Lower limb 24 (55.8)
  Upper limb 8 (18.6)
  Pelvis 6 (14.0)
  Others 5 (11.6)

HD‑MTX, high dose methotrexate.
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Table II. Dosage and concentration of MTX for each dosing design.

Parameters BSA method n=43 PK method n=200 P‑value

Loading dose, g/m2 4.44±0.53 (11.9) 4.30±0.71 (16.5) 0.148
Maintenance dose, g/m2 5.45±0.62 (11.4) 5.49±1.13 (20.6) 0.766
Total dose, g/m2 9.90±0.80 (8.1) 9.80±1.64 (16.7) 0.551
C1, µmol/l 945.8±252.4 (26.7) 936.8±163.3 (17.4) 0.824
C2, µmol/l 734.4±190.5 (25.9) 733.9±143.0 (19.5) 0.985
C4, µmol/l 694.6±138.6 (20.0) 697.6±132.3 (19.0) 0.897
C6, µmol/l 666.6±142.6 (21.4) 679.1±157.7 (23.2) 0.637
C24, µmol/l 11.04±24.56 (222.5) 4.32±3.67 (85.0) 0.081
C48, µmol/l 1.07±3.36 (314.0) 0.27±0.22 (81.5) 0.128
C72, µmol/l 0.30±0.64 (213.3) 0.09±0.08 (88.9) 0.042
Cmax, µmol/l 973.6±225.6 (23.2) 941.8±162.1 (17.2) 0.280
Cmean (1‑6), µmol/l 760.4±140.5 (18.5) 762.2±124.5 (16.3) 0.932
AUC (0‑72), µmol/l x h 6732±1569 (23.3) 6493±1203 (18.5) 0.349
CLtot, l/h 5.14±1.30 (25.3) 5.24±1.12 (21.4) 0.593

Data are presented as the mean ± standard deviation (coefficient of variation, %). Data were analyzed using Student's t‑test. MTX, metho‑
trexate; BSA, body surface area; PK, pharmacokinetics; C1, C2, C4, C6, C24, C48, and C72, concentrations at 1, 2, 4, 6, 24, 48, and 72 h after the 
start of MTX infusion, respectively; Cmax, maximum concentration; Cmean (1‑6), mean concentration during maintenance dose; AUC, area under 
the concentration‑time curve; CLtot, total body clearance.

Figure 1. Serum MTX concentration profile for each course after MTX administration in the (A) BSA method and (B) PK method. MTX, methotrexate; BSA, 
body surface area; PK, pharmacokinetics. 
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cholestyramine administration in addition to usual leucovorin 
rescue therapy. The rate of advanced intervention required 
was significantly lower with the PK method (P=0.010). 
Furthermore, in addition to age and sex, the BSA method was 
extracted as an independent factor for delayed MTX excretion 
(C24>10 µmol/l, C48>1 µmol/l, C72>0.1 µmol/l), and adjusted 
odds ratios were 3.534 (95% CI: 1.326‑9.434, P=0.012), 
8.065 (95% CI: 2.020‑32.29, P=0.003), and 2.299 (95% CI: 
1.107‑4.762, P=0.025) (Table SI).

Adverse events. The incidences of hepatic and renal dysfunc‑
tion in the BSA and PK methods are shown in Fig. 3. Increase 
in AST and ALT within 1 week after HD‑MTX administra‑
tion were significantly lower in the PK method than in the 
BSA method (P=0.003 and 0.003). Furthermore, in addition to 
age and sex, the BSA method was extracted as an independent 
factor for increased AST and ALT levels, and adjusted odds 
ratios were 2.941 (95% CI: 1.404‑6.173, P=0.004), and 3.205 
(95% CI: 1.490‑6.897, P=0.003), respectively (Table SII). 
Although there was no significant difference in the decrease 
in Ccr (P=0.182), none of the patients with Ccr decreased 
when the PK method was used. Since there were few cases of 
decreased Ccr, a multivariate analysis could not be performed.

Discussion

In the BSA method, widely used for dose calculation, serum 
MTX concentrations of patients vary widely because of large 
inter‑individual and intra‑individual variability (21‑25), and 
administration of HD‑MTX is difficult in many cases. A 
dosing method based on individual PK parameters is one of the 
choices. To our knowledge based on our findings, although this 
has not been validated in an in vitro study, the utilization of PK 
parameters has been clinically proven to be useful in anticancer 
therapy (41,42,45‑47). However, the utility of the PK method for 
osteosarcoma compared to conventional methods has not been 
validated. Thus, we examined whether the use of the PK method 
helped achieve the target concentrations for efficacy and safety 
and confirmed its usefulness in patients with osteosarcoma.

In the PK method, the mean values of C1 after loading 
infusion and Cmean (1‑6) during maintenance infusion were 
similar to those of the BSA method, and the serum concen‑
tration during maintenance infusion tended to decrease with 
time. Therefore, to maintain C1‑C6 at 700‑1,000 µmol/l, 
it may be necessary to change to the more appropriate PK 
model to predict the increased maintenance dose. Evaluating 
by Cmean (1‑6), the control rate within the target concentration 
was significantly higher in the PK method than in the BSA 
method (P=0.030). In addition, significantly fewer patients 
had a concentration of more than 1,500 µmol/l, a known 
poor prognostic factor (10,23), in the PK method compared 
to the BSA method (P=0.033). This may be due to the smaller 
variation in C1‑C6 in the PK method as compared to the BSA 
method. Regarding safety, the rates of reaching the safety 
range for C24, C48, and C72 were significantly higher than 
those by the BSA method (P<0.001, P=0.003, and P=0.006, 

Figure 2. Changes in MTX clearance during each course of HD‑MTX therapy in each patient with osteosarcoma. MTX, methotrexate; HD‑MTX, high‑dose 
methotrexate; BSA, body surface area; PK, pharmacokinetics. 

Figure 3. Comparison of the incidences of hepatic dysfunction and renal 
dysfunction between the BSA (n=43) and PK method (n=200). Adverse 
events were represented as no episodes, grades 1, 2, 3 and 4, and were classi‑
fied as grade ≤1 or ≥2 for analysis using the Pearson's chi‑square test. BSA, 
body surface area; PK, pharmacokinetics; AST, aspartate aminotransferase; 
ALT, alanine aminotransferase; Ccr, creatinine clearance.
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respectively). Furthermore, the incidence of hepatic dysfunc‑
tion caused by MTX was also significantly lower than that 
found by the BSA method (P=0.005 and 0.001), suggesting 
that the PK method was safer than the BSA method. 
Consequently, although it is difficult to increase the main‑
tenance dose with the BSA method due to delayed MTX 
excretion and the risk of adverse events, the maintenance 
dose can be increased to maintain the C1‑C6 concentration 
at 700‑1,000 µmol/l while avoiding adverse events using the 
PK method. On the other hand, maintenance of high MTX 
concentrations has only been demonstrated in some in vitro 
and in vivo studies (2,10,15), and the clinical usefulness and 
target values of Cmean (1‑6) need to be verified in detail in the 
future.

MTX clearance varies with its repeated administra‑
tion (24,25), and this study also confirmed a 0.47‑2.84‑fold 
change in MTX clearance compared to the clearance after 
the first administration. Despite this change in MTX clear‑
ance, we thought that the PK method was able to control 
the target therapeutic concentration range safely compared 
to the BSA method because of the individualized dosing 
method that considers more immediate prior MTX clear‑
ance. For individual differences in MTX concentrations, the 
population PK analysis of MTX by Dupuis et al (48) and 
Lui et al (49) reported that the contribution of BSA was small 
and that of individual patient clearance was large, consis‑
tent with our data. Moreover, our results are comparable 
to those of Pauley et al (45) that validated the utility of an 
individualized dosing design for acute lymphocytic leukemia 
(ALL) utilizing changes in MTX clearance in the previous 
course, similar to the approach used in this study. However, 
even with the PK method, it was difficult to control the 

target concentration for patients with large intra‑individual 
variability between courses. In recent years, a method to 
adjust MTX dosage in real‑time by analyzing blood MTX 
levels during continuous infusion in patients with ALL has 
also been investigated (46,47). In a patient with ALL who 
received MTX 3‑5 g/m2 over 24 h, Shen et al (47) reported 
that adjusting the infusion time, using the concentration at 
16 h after the start of MTX administration as a reference, 
not only improved safety but also ensured the therapeutic 
target concentration compared to the fixed‑dose regimen. 
Foster et al (46) found similar results to Shen et al (47), 
using MTX concentration at 2 and 6‑8 h after MTX admin‑
istration to adjust the subsequent infusion time. While these 
methods do not require complex PK analysis unlike our 
method, their application to HD‑MTX therapy for patients 
with osteosarcoma given continuous infusion at 4 or 6 h is 
very complicated. Moreover, it is an unsuitable method for 
upward dose adjustment. Therefore, the PK method may be 
considered the optimal dosing design for HD‑MTX therapy 
in patients with osteosarcoma at this time. Although the 
factors of inter‑individual variability are being clarified, the 
intra‑individual variability factors in MTX clearance for 
each course are still unknown, and we believe that eluci‑
dating these factors will improve the PK method to a more 
accurate individualized dosing method.

This study has the following limitations. First, it is a 
single‑center retrospective survey; thus, multiple biases are 
possible and no causal effect can be proved. Second, many 
blood samples is required, and the procedure is challenging 
to perform. Because the necessity of blood collection at all 
points has not been mentioned, the number of blood collection 
points needs to be revised. In addition, to reduce the burden 
on patients and health personnel, it is necessary to further 
verify the necessity of switching to the PK method in patients 
for whom C24, C48, and C72 enter the safe range, and Cmean (1‑6) 
and Cmax reach the effective concentration range by the BSA 
method.

In conclusion, this study demonstrated for the first time that 
the PK method significantly reduced the incidence of adverse 
events as well as increased the rate of achieving the effective 
serum concentration range and safety range as compared to 
the BSA method in patients with osteosarcoma who require 
higher doses of MTX than other diseases. Therefore, the PK 
method is very useful for HD‑MTX therapy.
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