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Methotrexate (MTX), the folic acid antagonist, is
used for rheumatoid arthritis, severe psoriasis, and vari-
ous neoplastic diseases, etc."” The dose ranges from

2 to 33,000 mg/m2 with leucovorin rescue

7.5 mg/m
considerably depending on the disease state.” High-
dose methotrexate in combination with other cytotoxic
agents has been proposed to be used as adjuvant che-
motherapy for osteosarcoma.>¥

Mucositis is one of the most common adverse reac-

tions encountered in radiation therapy for head and
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neck cancers, as well as in chemotherapy with antime-
tabolites (e.g. methotrexate, fluorouracil and cytara-
bine).>® The incidence and the severity of mucositis
vary from patient to patient, and from treatment to
treatment. It has been estimated that there is 20-40%
incidence of mucositis in patients treated with standard
chemotherapy,”® and this would not only increase with
the number of treatment cycles, but also with previous
episodes.

After intravenous (IV) administration, eighty to
ninety percent of the dose is excreted unchanged in the
urine within 24 hours.” Clearance occurred via glomer-
ular filtration and active tubular secretion.”

MTX itself causes nephrotoxicity. Nephrotoxicity
occurs with high-doses of MTX when the concentration



of excreted drug exceeds the drug solubility in the renal
tubule.'*!) Because MTX concentrations above 0.01
M inhibit DNA synthesis in bone marrow and intesti-
nal epithelium, it is reasonable to continue leucovorin
rescue in patients who expereince toxicity until plasma
MTX falls below this level.'?

Therefore, MTX should be used with great caution in
patients with impaired renal function, and at risk for
renal dysfunction. In fact, dosage reduction or an alter-
native anticancer drug should be considered for patients
with preexisting renal dysfunction receiving treatment
with methotrexate at any-dosage range.'®) Patients with
a creatinine clearance of less than 60 mL/min should
not receive high-dose methotrexate.'*'®

There was a pharmacokinetic study of high-dose
MTX in children with normal renal function and acue
lymphoblastic leukemia (ALL, 5 g/m” in 24 h).!” Also,
Bayesian estimation of MTX pharmacokinetic parame-
ters was conducted in children and young adults with
localized osteosarcoma.'® And there was pharmacody-
namic study of high-dose MTX in pediatric patients but
not pharmacokinetic study.'®

Currently, there are no available clinical pharmacoki-
netic data of high-dose MTX in pediatric osteosarcoma
patients with normal and abnormal kidney function.

The correlation between serum concentrations of
MTX and mucositis in normal and abnormal kidney
function group and also, other factors that might affect
mucositis were investigated in this study. Stratagies for
minimizing mucositis in pediatric patients are proposed
using the pharmacokinetics of high-dose MTX.

Materials and Methods

Patients

Patients’ medical charts were retrospectively reviewed.
Patients were divided into two groups who had normal
and abnormal kidney function diagnosed with osteosar-
coma in Seoul National University Children Hospital
(Seoul, Korea) and treated before Feb. 2000 because
blood samples were not collected before 24 hours from
the start beginning of infusion after that time.
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The inclusion criteria were the availability of the rele-
vant data in the patients’' medical charts. Patients were
included whose blood samplings were collected as
scheduled appropriately (4, 8, 12, 24, 48, 72, and 96
hours from the starting of infusion). It was not analyzed
beyond 96 hours though its blood samples were col-
lected because terminal half life is different as blood
sampling time in empirical model.>® Patients were
excluded who used concurrently other drugs which
potentially interact with MTX (e.g. cotrimoxazole, pen-
icillins, nonsteroidal antiinflammatory drugs-NSAIDs
etc).

Data Collection

The following clinical data were obtained by retro-
spective chart review: age, gender, height, weight, body
surface area, presence of distant metastases or relapse
of disease, baseline serum creatinine (Scr) and maxi-
mum Scr in normal kidney function group, creatinine
clearance (CLcr) in abnormal kidney function group,
volume of hydration, and lowest recorded urine pH.

MTX administration

Patients were treated on the protocol of Childrens
Cancer Group (CCG) - 7921. Some patients received
chemotherapy alternating regimen of high-dose MTX
and ifosfamide-etoposide (HDMTX-IFO5VP5).

The intravenous administration dose is 12 g/m? (max-
imum dose is 20 grams) over 4 hours given on days 21
and 28 of each course. All doses should be rounded off
to the next highest full gram value (e.g. a calculated
dose of 15.2 grams should be rounded up to 16 grams).

Sample analysis

The serum concentrations of MTX were measured by
fluororescence polarization immunoassay (FPIA) with a
TDx analyzer.

Pharmacokinetic analysis

Pharmacokinetic parameters of MTX were calculated
by using the software package WinNonlin Pro program
(version 2.1 Pharsight, USA). Pharmacokinetic parame-
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ters of MTX were estimated by empirical (exponential
decay, noncompartment) model.?>?? Pharmacokinetic
parameters estimated were terminal half-life, CL, Vss,
MRT, and AUC etc. The pharmacokinetic variables
analyzed for each MTX course were dose, each serum
concentration, sampling time, and length of infusion
time. The serum concentration at each sampling time
(24, 48, 72, and 96 hours from the start of infusion of
MTX) and the peak serum concentration (after the end
of infusion) between two groups were compared. The
correlations between serum concentrations and exist-
ence of mucositis and, between CL, AUC and mucositis
were analyzed. Intraindividual differences were ana-
lyzed by comparing clearance of methotrexate between
on day 21 and 28. Harmonic mean of terminal half-life,
CL, Vss of each group and arithmetical mean of MRT
of each group by empirical model were calculated and

then compared between two groups.”*

Toxicity analysis

MTX toxicity was evaluated as gastrointestinal toxic-
ity defined as mucositis scored according to the World
Health Organization (WHO) scale (grade 0=no reation;
grade l=painless ulcers, erythema, or mild soreness;
grade 2=painful erythema, edema, or ulcers and can eat
solids; grade 3=painful erythema, edema, or ulcers and
cannot eat solids; grade 4=requires parenteral or enteral
support for alimentation).”® Renal toxicity was assessed
by the percentage of increase in Scr (grade 0=<25%,
grade 1=25-49%, grade 2=50-74%, grade 3=75-100%,
grade 4=>100%).27

Statistical analysis

The serum concentrations at each sampling time and
the peak serum concentration were compared between
two groups by using students' t-test. It was used multi-
ple linear regression that relationship between serum
concentrations and existence of mucositis and, between
mucositis and CL, AUC.

Intraindividual differences were analyzed by using
paired t-test on day 21 and 28. The means of pharmaco-
kinetic parameters of each group by empirical model

were compared by using students' t-test between two
groups. The program used for statistical analyses was
SAS for windows release 8.02. In all cases, the signifi-
cance level chosen was less than 0.05.

Results

Six patients were included and the numbers of evalu-
able total courses of MTX were 34 (normal: 20, abnor-
mal: 14). Three patients had normal kidney function
and the others had abnormal kidney function. Demo-
graphic and clinical data on the 6 subjects are listed in
Table 1. There were 3 patients with distant metastases,
and were 2 patients with relapse. All of patients were
treated with cisplatin plus doxorubicin even though
number of courses administered were different before
chemotherapy containing high-dose MTX treatment;
cisplatin 130 mg/m? intra-arterial infusion over 2 hours
plus doxorubicin 20 mg/m? continuous infusion for 66
hours after completion of cisplatin or cisplatin 120 mg/
m? iv infusion over 6-8 hours plus doxorubicin 30 mg/
m? iv. The chemotherapy regimen of CCG-7921A was
conducted on patients with number of 1, 3 and that of
HDMTX-IFO5VP5 was conducted on patient with
number of 6. That of CCG-7921 was substituted to
HDMTX-IFO5VPS in patients with number of 4, 5.

The chemotherapy was delayed in two courses in nor-
mal kidney function group, 5 days and 7 days respec-
tively, because of myelosuppression. There was not
delay in chemotherapy in abnormal kidney function
group, but in one patient (number 6) treated with
HDMTX-IFOS5VP5, no high-dose of MTX was admin-
istered on days 28 because of myelosuppression
(thrombocytopenia) throughout the chemotherapy regi-
men of HDMTX-IFO5VPS5.

The creatinine clearance of abnormal kidney group
recorded to the nearest administration of MTX were
below 60 mL/min/1.73 m®>. There was no medicine
administered concurrently with MTX which can cause
nephrotoxicity except chemotherapeutic agents (e.g.
aminoglycosides, vancomycin, and diuretics etc).

The dose of MTX in osteosarcoma is 12 g/m?, but



substantially was administered slightly above 12 g/m?
because of rounding off to the next highest dose.

Pharmacokinetic analysis

As a result of fitting by WinNonlin Pro software, the
terminal phase was unified as 48 hours from the start of
infusion of MTX as possible. ’

The serum concentrations of MTX at 24, 48 hours
were 13.91(x 19.34) uM, 0.6990(+ 1.298) uM in nor-
mal kidney group, respectively and 68.44(x 57.34) pM,
2.325(x 2.232) uM in abnormal kidney group, respec-
tively. In abnormal kidney group, the elimination of the
MTX was delayed late.? It was statistically different
between two groups. The serum concentrations at 72,
96 hours were not significantly different between two
groups. This result coincided with the fact that serum
methotrexate concentrations during the terminal phase
were not dose dependent.?

The peak serum concentration was 1.302x10%(+
278.5) uM in normal kidney group and 1.760x10°(+
548.0) uM in abnormal kidney group and was below
1,000 uM in two courses of abnormal kidney group.
The peak serum concentration was significantly differ-
ent between two groups. If the peak serum concentra-
tion does not exceed 1,000 uM, the dose may be
escalated to 15 g/m2 in subsequent courses.”

It was not significant that relationship between serum
concentrations and mucositis and also, between CL,
AUC and mucositis in each group; Scale of mucositis

Table 1. Characteristics of the patients
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(from grade 0 to 4) was dependent variable, and
mucositis was independent variable and also CL, AUC
was dependent, mucositis independent variable. If
mucositis was not recorded in the medical charts, it was
estimated from the diary of nursing care of the charts.
Because, it was not found that the relationship between
serum concentrations and mucositis and also, between
CL, AUC and mucositis, so it was divided into two
groups according to the existence of mucositis in each
group at 24, 48 hours from the start of infusion because
its concentration of MTX was statistically different.
And then the concentration of MTX was compared in
each group, but it was not statistically different.

The harmonic means of each terminal half-life, CL,
Vss were 22.43 hours, 2.766 L/h/m2, 13.16 L/m? in nor-
mal kidney group, respectively and was 14.08 hours,
1.866 L/Wm? 11.65 L/m* in abnormal kidney group,
respectively. The terminal half-life reported, and vol-
ume of distribution at steady state is eight to fifteen
hours, and approximately 0.4 to 0.8 L/kg (40% to 80%
of body weight) respectively.? In another study, the ter-

633 and volume

minal half life was 10 hours to 27 hours
of distribution approximate those of total body water.®
Pharmacokinetic parameters except Vss were signifi-
cantly different. The clearance of MTX was larger in
normal kidney group than abnormal kidney group.
The arithmetical mean of MRT was 4.703 hours and
6.356 hours in normal kidney and abnormal kidney

group, respectively. Unexpectedly, terminal half-life of

Number Ht Wt BSA metastasis Scr (mg/dL) CLcr$. lowest ~ Number of Dose of MTX
qf year Sex cm) (kg) (mz) frelapse*  Baseline Maximum (mL/mlzn regorded evaluable aqunstered ,
patients /1.73m")  urine pH MTX courses substantially (g/m°)
1 4 F 101.1 1422 0.6315 -/- 0.43 0.50 - 7.375 4 12.70
2 11 M 1528 3813 1270 +/- 0.62 0.80 - 6.500 5 12.29
3# 14 F 153.0 33.02 1.184 -+ 0.58 0.54 - 6.590 11 12.36
4 16 M 1692 4034 1376 ++ 0.90 1.00 35.00 7.333 4 12.35
5 10 M 1550 44.76 1432 -/- 0.70 0.85 56.50 6.375 4 12.22
6 14 M 165.6 46.99 1.468 +/- 0.78 0.96 19.40 6.333 6 12.25

Ht: Height, Wt: Weight, BSA: Body surface area

The value of following parameters is means: Ht, Wt, BSA, Scr, lowest recorded urine pH, dose of MTX administered substantially

*: presence of metastasis yes +, no —; relapse yes +, no —

$: The creatinine clearance by 24-hour urine collection recorded was the nearest measured value of the high dose MTX administration.

#: Numbers of evaluable MTX courses were 11, but because in one course blood sample at 72 hours was not collected, it excluded analyzing
terminal half-life and included analyzing other parameters.
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MTX was longer in abnormal kidney group. This might
be why the model chosen was empirical and terminal
phase was inappropriately chosen. But, MRT of MTX
was longer in abnormal kidney group. MRT means
average time of the intact drug molecules (only parent
drug) residing in the body. Most of the MTX (about 80-
90%) is excreted unchanged through the kidney.? It's
reasonable that MRT of MTX in abnormal kidney
group be inverse to the CL. of MTX. So, it's reasonable
using MRT instead of terminal half-life.

Toxicity analysis

Severe mucositis (grade 3-4) happened in only one
course in normal kidney group. Most of patients experi-
enced no or mild mucositis.

There were mild nephrotoxicity in some courses of
MTX. There has no changed in serum creatinine con-
centrations in most courses.

Discussion

In this study, the difference of pharmacokinetics of
MTX was observed as kidney function. The serum con-
centrations of MTX from 4 hours to 48 hours were
higher and also, the clearance of MTX was decreased in
abnormal kidney function group. Log transformation of
serum mean concentrations of MTX versus time plot-
ting is shown Fig. 1. The terminal half-life was rather
longer in normal kidney group, but this might be due to
the empirical (exponential decay) model. As shown in
Fig. 1, the serum MTX level in normal kidney group
rapidly decreased to the 48 hours from the infusion of
MTZX, but in abnormal kidney group it decreased to the
72 hours rapidly but more slowly than in normal kidney
group. It’s reasonable that the terminal phase start at 48
hours in normal kidney group and 72 hours in abnormal
kidney group. So to speak, the terminal phase in abnor-
mal kidney group was late than in normal kidney group.

Another parameter, MRT not influenced by model
was calculated. Because most of MTX is cleared by the
kidney as parent drug®, so MRT reflects more correctly
the substantial residing time of the MTX in the body.

Concentration of MTX
(umolit)

4 12 24 3% a8 60 ” 8 Tine (h) %

Fig. 1. Mean concentrations (log-transformed) of serum
MTX and time plotting (dose: 12 g/mz) in normal and
abnormal kidney function group. As shown in this figure,
the terminal phase starts at 48 hours in normal Kidney
group, and at 72 hours in abnormal kidney group (Black
circle indicates serum concentrations of MTX in normal
kidney group, open circle does serum concentrations of
MTX in abnormal kidney group). The numbers of MTX
courses at 24, 48, 72 hours were 23, and at 96 hours were
22, respectively in normal kidney group. That of MTX
courses at 24, 48 hours were 18, and at 72, 96 hours were
17, respectively in abnormal kidney group.

MRT is longer about twenty six percent in abnormal
kidney group.

Three patients had renal function decreased by cispl-
atin.®*” GFR continued to decline throughout the
cycles of chemotherapy containing cisplatin.* And
they also had ototoxicity induced by cisplatin.’® So,
they could not receive CCG-7921 any more, then they
changed to the HDMTX-IFO5VP5 in two patients and
the other was not treated with CCG-7921 because he
already had his kidney failure on the account of regi-
men of cisplatin plus doxorubicin.

MTX clearance was decreased after cisplatin therapy,
after cisplatin in combination with ifosfamide therapy,
and after MTX therapy. And mean peak serum concen-
trations above 1,000 uM were achieved in 96% of
patients. But, unexpectedly patients who had a mean
peak MTX plasma concentration above 1500 uM were
found to have a worse outcome (lower event free sur-
vival) compared with patients who had a mean peak
concentration less than 1,500 pM.3?

In another study, patients exposed to the mean AUC
above 4,000 pmol-h/L presented a high disease-free sur-
vival. A close and linear correlation was observed



between the MTX peak concentration and the AUC,
with a highly significant relationship between a mean
AUC of 4,000 umol-h/L and a mean peak concentration
of 700 pmol/L..34 Also, patients with a slow creatinine
clearance (less than 85 mL/min) or with an AUC greater
than 1,100 umol-h/L survived significantly longer than
patients with a fast creatinine clearance or with lower
levels in the other study.>>

Delayed early MTX elimination refers serum MTX
level 50 uM or more at 24 hours, or 5 uM or more at
48 hours after administration.” This corresponded to
the profile of serum concentrations of MTX in abnor-
mal kidney group. High-risk MTX concentrations were
significantly associated with low MTX clearance, low
urine pH etc.*®

The clearance of MTX in abnormal kidney group was
about 68% of that in normal kidney group. Therefore,
serum concentrations of MTX in abnormal kidney
group were higher than in normal kidney group. This
fact was similar to the study that elevation of serum
creatinine (measured 12-24h after the start of MTX
infusion) was a better predictor of delayed elimina-
tion.>” Therefore, serum creatinine must be measured
routinely at least 24 hours after the start of MTX infu-
sion. But, in this study, lowest recorded urine pH was
not different. | ‘

Mucositis, characterized by mouth soreness, stomati-
tis has been reported with methotrexate therapy.
Mucositis usually occurs 7 to 14 days (most commonly
associated with a low white blood cell count) after ther-
apy and lasts 4 to 7 days.

In this study, severe mucositis (grade 3-4) happened
to only one course in normal kidney group. Mucositis
almost always occurred in patients with nephrotoxic-
ity.>® But, in this study the results did not agree with
the fact. This might be why leucovorin rescue, hydra-
tion, urine alkalinization, small size of patients, differ-
ence of bharmacogenetics for MTX*® and younger
patients.*”

About 10% to 12% of the patients with the lower 5,10-
methylenetetrahydrofolate reductase (MTHFR: converts 5,
10-methylenetetrahydrofolate to 5,10-methyltetrahydrofolate)
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activity had higher oral mucositis index. And platelet
counts recovered more slowly among patients with
decreased MTHFR activity.>”

Younger patients had lower plasma MTX levels than
older patients. In addition, the urinary excretion of
MTX was faster in younger children. Younger patients
for the most part had mild, tolerable toxicities when
treated with high-dose MTX*", whereas older patients
exhibited significant toxicities.*” But, Crews et al.
found that age did not appear to affect peak serum con-
centration and clearance of MTX, but older age (more
than or equal to 12 years) was associated with higher
24-hour MTX concentrations.*” '

In one study, high-dose leucovorin was enough sole
therapy for MTX toxicity.*” But, leucovorin overdosing
could compromise the antitumor effect.*® Therefore,
increasing the dose of leucovorin unqualifiedly in
abnormal kidney patients might be inappropriate.

Conclusions

The serum concentrations of MTX were higher and
more fluctuant at 24, 48 hours from the starting of infu-
sion in abnormal kidney group. The clearance of MTX
was decreased and MRT of MTX was increased in
abnormal kidney group. These results suggest that mon-
itoring of Scr or CLcr be needed before and after giving
MTX. Therapeutic drug monitoring of MTX should be
needed at the intervals of 24 hours including the end of
the infusion and more conducted with caution in

patients with abnormal kidney function.
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