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Methotrexate (MTX) remains a mainstay in the treatment of children with hematological malignancies. The availability
of an antidote/rescue agent, leucovorin (LV) has allowed escalation of MTX doses to achieve enormous plasma concentra-
tions, compared with plasma folate. However, a recent review of more than 40 trials for children with ALL concluded that
the addition of high dose MTX (HDMTX) in many different doses and schedules did not improve CNS therapy and made
only minor improvements in systemic therapy for children with ALL [11]. Some assessment suggested that by HDMTX
benefits only limited amount of children with ALL. Recent treatment schedules vary markedly in terms of timing, dosing
and scheduling of MTX and/or leukovorin, which may leave us uncertain with ideas such as “how should we best use
HDMTX and LV?” or “why are we still using such by industry recomended doses of MTX?”

The answer of how best to incorporate HDMTX and/or LV into ALL treatment plans is still not known and further clini-
cal and pharmacological studies dealing with still controversial systemic MTX issue are actual even now, after more than
5 decades of clinical experiences with the MTX in pediatric oncology.
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The development of effective therapy for children with
acute lymphoblastic leukemia (ALL) is one of the biggest
successes of pediatric oncology. Fifty years ago, childhood
ALL was in generally fatal, but current long-term event-free
survival rates are nearly 80%. Despite this improved out-
come, there are still many challenges ahead. Anticancer ther-
apy remains nonspecific, toxic, and sometimes even lethal.
Treatment results reported by different cooperative groups
are similar, however important differences exist in how risk
groups are assigned and in the therapeutic regimens used by
various treatment groups. Great deal of controversy is sur-
rounding especially optimal CNS- directed treatment of the
childhood ALL and the role of systemic i.v. methotrexate in
this site, especially with respect to timing and dosing of i.v.
MTX and/or leucovorin rescue.

Methotrexate (MTX), classic antifolate, is for decades an
essential component of treatment for children with acute
lymphoblastic leukemias (ALL), non-Hodgkin lymphomas
(NHL), osteosarcomas. MTX achieves its cytotoxicity
through the inhibition of folate-dependent enzymes [4].

Historical development

In historical, single-agent studies of MTX, performed in
the 1950s under the auspices of the Acute Leukaemia Group
B, MTX was administered as an age-dependent daily oral
dose of 1.25–5 mg/d and, as a single agent, MTX induced a
clinical remission (sustained for a median duration of
4 months) in 29% of children with acute leukemia [16].
A subsequent Acute leukemia Group B study compared the
survival of children with ALL who received either daily oral
(3 mg/m2/d) or twice weekly parenteral (30 mg/m2 per dose)
MTX as monotherapy until relapse after remission induction
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with vincristine and prednisolone [2]. Whereas the median
duration of complete remission (CR) for children receiving
the parenteral schedule was 17 months, with an associated
2-year survival rate of 20%, the median remission duration
for children receiving daily MTX was 3 months, and no child
survived up to 2 years. A further indication of the potential
importance of MTX scheduling comes from the study of
DJERASSI [13], in which 80% survival at 30 months was
found for 15 children receiving post-remission induction
therapy with MTX. In this study, 180–525 mg/m2 MTX was
administered as an intravenous infusion over 4 h, for two
consecutive days at 3-weekly intervals. Therefore, these
early clinical studies indicated that the antileukemic efficacy
of MTX might be improved by either increasing the dose and
or the time of exposure to the drug.

Intermediate dose of MTX (2 g/m2 x 3) was an important
novel part of the successful Dutch study ALL VI, performed
between 1984 and 1988, and effectively omitting both
anthracyclines and alkylating agents, while maintaining high
EFS (81%) for 291 children with non-high-risk ALL. (WBC
count <50x109/l, no mediastinal mass, no B-cell phenotype,
and no CNS involvement). Such results are comparable with
those, achieved by much more intensive BFM strategies. The
8 years, event-free survival (EFS) rate was 81% (SE=3%)
and survival rate 85% (SE=2.9%); the median follow-up time
was 7.3 years (range, 36 to 117 months). The CNS relapse

rate was 1.1% of 184 patients who achieved a complete re-
mission. The treatment protocol used 6-week induction regi-
men with three drugs (vincristine, dexamethasone, and
asparaginase), three weekly doses of intravenous (IV) me-
dium high-dose methotrexate (2 g/m2 over 24 h), and 2-year
maintenance therapy. High cure rate was achieved without
the use of anthracyclines, alkylating agents, and cranial irra-
diation [42]. About at the same time HD-MTX (5 g/m2 over
24 h) has been incorporated into BFM protocols as well [37].

The use of high dose methotrexate pulses (5 g/m2 q2w x 4)
during consolidation has been reported to be associated with
improved survival, particularly for children with T-ALL by
BFM group in Europe [38]. Recent Pediatric Oncology
Group POG 9404 study showed that addition of HDMTX
(5 g/m2 x 4 courses) to the Dana Farber Cancer Institute
(DFCI) [18] chemotherapy regimen results in improved EFS
for these patients due to decreased occurrence of induction
failure and CNS relapses as well [3].

In modern ALL treatment protocols, MTX use differs
markedly in various protocols during remission induction,
consolidation, maintenance and central nervous system
(CNS)-directed therapy, in conjunction with different num-
ber of age-dependent doses of intrathecal methotrexate (dif-
ferent timing of systemic MTX administration is shown in
Figure 1.
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Figure 1. MTX application after the start of the therapy



Who can mostly benefit from HDMTX treatment?

An earlier assessment from St. Jude Children’s Research
Hospital suggested, that from HDMTX benefits only a lim-
ited amount of children with ALL (those with a white blood
cell count of <25 x 109/l, white race, age 2–10 years, and
hyperploid leukemia cells without translocations) [1]. There
is growing evidence that human leukemia cells display lin-
eage/subtype-specific differences with regard to MTXPG
formation and accumulation over a wide range of
methotrexate concentrations [17, 44] and that the folate path-
way gene expression may differ in some subtypes of child-
hood ALL, even within B lineage ALL [23].

CNS-directed therapy for childhood ALL

Before the introduction of treatment for occult leukemia in
the CNS, up to 75% of children with ALL relapsed in the
CNS. Because of such risk, treatment designed to prevent on-
set of leukemia in the CNS (e.g. CNS-directed therapy, or
presymptomatic CNS therapy, represented initially by radio-
therapy) has become an integral part of the treatment of child-
hood ALL for the last 35 years [4]. However, concerns about
late adverse effects of such treatment have led to the gradual
reduction in radiotherapy (RT) dose and/or its omission, re-
placing RT mostly by systemic and intrathecal methotrexate
(ITMTX). Randomized trials have shown that the combina-
tion of intensive systemic chemotherapy and regular ITMTX
may obviate the need for cranial irradiation in most children
with ALL [19, 33].

Critical reappraisal of real clinical contribution of different
particular drugs in recent antileukemic therapies is difficult.
The reasons for such difficulties are following:

– even recent treatment schemes remain often empiric or
more eminent, than evidence based,

– obvious clinical efficacy of recent protocols leading to
long term event free survival for about 80% of children with
ALL would require large number of patients enrolled for tri-
als in order to proof superiority of any regimen,

– there is still lack of reliable markers/predictors for many
drugs in clinical use.

The contribution of particular components (e.g. metho-
trexate) could be assessed from the

– single leukemia cell perspective using DNA and/or RNA
based and/or immunocytochemical approach,

– individual patient perspective, considering measurable
effect for a particular patient (e.g. toxicity, homocysteine lev-
els etc.),

– clinical/statistical perspective, considering clinically im-
portant endpoint variables like event free survival (EFS),
time to progression (TTP), overall survival (OS), response
rate (RR), in conjunction with different schedules applied.

Many recent reviews dealing with mechanisms of MTX
action, including pharmacodynamic and pharmacogenetic
considerations as well are published, including those dealing

with genomic or single leukemic cell level of the MTX ther-
apy issue [27, 45], including our group as well [41].

Despite very long clinical experience with antifolate ther-
apy for children with ALL, even in most recent protocols for
childhood ALL treatment there continues to be large varia-
tion regarding MTX and/or leucovorine (LV) dosing and
scheduling, reaching up to 2 orders of magnitude (if the MTX
dose is considered) [33, 38]. The availability of an effective
antidote/rescue agent, leucovorine (LV), has allowed escala-
tion of MTX doses to achieve enormous plasma concentra-
tions (>1,000 µmol/l) compared with plasma folate
(0.01–0.02 nmol/l). Intravenous (i.v.) intermediate (usually
0.5–2 g/m2) or high dose (usually over 5 g/m2) MTX appears
to compensate for radiotherapy as important tool of CNS-di-
rected therapy for childhood ALL [32]. Very high doses, up
to 33.6 g were used in various protocols in an attempt to pro-
vide significant MTX exposures at disease sanctuary sites
such as the CNS [5]. However, recent review of more than
40 trials for children with ALL concluded, that the addition
of i.v. HDMTX in many different doses and schedules did not
improve CNS therapy and made only minor improvements in
systemic therapy for children with ALL reducing non-CNS
relapses [11].

Interindividual and intraindividual variability

Existing pharmacokinetic data suggest wide interindivi-
dual and intraindividual variability in methotrexate levels
and clearance [5, 39]. High-risk patients with lower steady
state methotrexate levels seem to be at increased risk of re-
lapse [8].

Individualized chemotherapy, including HD MTX, com-
pared to conventional treatment based on body surface area,
demonstrated a better outcome of children with B-lineage
ALL treated with HD MTX dose adjustment [14]. However,
there was no significant difference between treatments for
patients with T-lineage leukemia.

Delayed MTX elimination following high-dose MTX
(HD-MTX) treatment, could be an important problem in
some circumstances, because it necessitates increased leuco-
vorin rescue and additional hospitalization for hydration and
urinary alkalinization. Risk factors for delayed excretion in-
clude:

– drug interactions (non-steroid anti-inflammatory drugs,
penicillin, proton pump inhibitors, amphotericin, prior use of
platinum may decrease MTX excretion),

– third spaces (pleural effusions, GI obstruction, ascites
provide “sink” for MTX),

– direct nephrotoxicity of MTX itself,
– poor hydration/alkalinization,
– Down syndrome.

Overrescue concept

In 1991, BORSI et al [6], who noted a trend of better prog-
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nosis, when less folinic acid was used, suggested the concept
of overrescue within the clinically relevant doses of MTX.
These authors recalculated the uniform folinic acid dose used
according to body surface area. Their patients received 6 to 8
g/m2 methotrexate over 24 hours, followed by 75 mg folinic
acid at 36 hours, and 16 doses of 15 mg folinic acid from hour
39 to 106, for a total of 315 mg. The trend to better results
was seen in the group given 158 to 315 mg/m2 folinic acid,
compared with the group given 315 to 588 mg/m2. However,
the difference in relapse rates did not reach statistical signifi-
cance and there are no similar studies published more re-
cently for children with ALL. On the other hand, similar clin-
ical situation is well described for patients with psoriasis,
where concurrent administration of folinic acid with
methotrexate abolished the MTX effect [20].

MTX toxicity or effectiveness

MTX related toxicity remains to be an important issue
even now, despite 2 decades of clinical experience with the
high or intermediate dose systemic MTX treatment. May be
even life threatening and vigorous supportive measures thus
cannot be waived. Toxicities due to MTX include myelo-
suppression, gastro-intestinal tract mucositis, neurotoxicity,
hepatotoxicity and nephrotoxicity.

While the first three types of toxicities can be prevented by
leucovorin rescue, the latter two cannot. Particularly con-
cerning have been CNS sequelae of the ALL treatment.
Methotrexate and the rises of homocysteine induced by MTX
have been linked to both acute and chronic neurological tox-
icity [36, 40].

However, the issue of possible contribution of LV timing
and dosing is often overlooked [43]. Interesting recent re-
view published by COHEN [12] raised again important ques-
tions regarding the optimal HDMTX dosing and/or the opti-
mal LV rescue for children with ALL. Both extremes – too
little and too much LV rescue – could be harmful. One may
not give enough LV rescue being afraid it will reverse the ef-
ficacy of MTX. This practice may lead to more short- and
long-term toxicity, neurologic particularly [30].

Although COHEN suggested that there are only few data to
support that we can give too much rescue [12], important
concerns remain about the antileukemic efficacy and selec-
tive rescue of a specific compartments [6]. Early models as
well as clinical experience show that too much LV can re-
verse the antitumor effects of MTX [6, 7].

This antagonism may explain why HDMTX does not de-
crease the incidence of CNS relapse, e.g. the original indica-
tion for i.v. IM/HD MTX in order to omit CNS radiotherapy.
MTX is poorly concentrated in the CSF compartment, and
the choroid (via molecules as the multidrug resistance pro-
teins) efficiently pumps MTX out of the CSF. In contrast,
folates are actively concentrated in the CSF (the CSF: plasma
ratio is 3–4:1). As little as 10 mg LV given orally can signifi-
cantly raise the CNS folate level in only a few hours [24].

Thus, any potential benefit from HDMTX augmenting the
amount of MTX in the CSF in lieu of intrathecal dosing could
be neutralized by the need for multiple doses of LV (either
orally or i.v.).

On the other hand, South American groups reported even
lower dose of systemic i.v. MTX (2 g/m2 over 24 h) as effec-
tive and non-toxic component of the therapy for B lineage
ALL, omitting thus the necessity for MTX levels monitoring
[9, 22].

I.v. MTX and/or leucovorin timing and dosing

Comparison of various CNS directed regimens using i.v.
MTX is very difficult [11] because intrathecal MTX or LV
rescue used to be given at different time points or doses in re-
lation to i.v. HD MTX according to various treatment proto-
cols (Fig. 1, 2, 3). Early studies pointed that cytotoxicity of
MTX in vitro has been shown to relate more to increases in
the time of exposure than to increases in the extracellular
concentration of the drug. For example, for L5178Y/Asn-

murine lymphoblasts, a 10-fold increase in exposure time to
MTX between 3 and 42 h resulted in a 100-fold increase in
cytotoxicity. In comparison, a 10-fold increase in drug con-
centration only resulted in a twofold increase in cytotoxicity,
and this effect was lost in exposure times more than 6 h [26],
underlying the importance of the MTX and LV timing. A Pe-
diatric Oncology Group (POG) study showed that
1,000 mg/m2 IV MTX was superior to 180 mg/m2 given
orally as 30 mg q6h x 6 with the use of the same LV rescue for
both. However, outcome was only marginally improved (ap-
proximately 76% vs. approximately 80%), but there were
more CNS occurrences and less toxicity in the oral MTX arm
[25, 31].

Even within BFM family trials there are important differ-
ences regarding the timing of i.th. MTX in relation to i. MTX
and /or LV timing and dosing. E.g. to treat relapsed patients
the lower MTX dose is used compared to de novo diagnosed
patients (1 g over 36 h is used, compared to 5 g over 24 h for
new patients) (see Fig. 2, 3).

Interesting recent results from UKALL XI trial have
shown that it is possible to effectively treat children with
ALL at low and intermediate risk of CNS relapse (presenting
WBC <50x109/l) without using cranial irradiation, by substi-
tuting continuing ITMTX with, or without, HDMTX. Al-
though continuing ITMTX with three courses of HDMTX
gave statistically significantly fewer isolated and combined
CNS relapses than ITMTX alone, the benefit was cancelled
out by an increase in hematological relapses in the HDMTX
arm, which is contrary to CLARKE’s review [11]. It is a bit sur-
prising that, although the dosage of MTX used in UKALL XI
(6–8 g/m2) was higher than that used in previously reported
trials, it did not produce a significant benefit in EFS. Some
earlier randomized trials of moderate dose MTX infusions
0.5–1.0 g/m2) had shown apparently reduced relapse rates
[15, 35] while another trial [28] did not.

HIGH-DOSE METHOTREXATE AND/OR LEUCOVORIN RESCUE 459



460 ŠTĚRBA, VALÍK, BAJČIOVÁ, KADLECOVÁ et al.

Figure 2

Figure 3



The leukemocidal effect of the HDMTX against CNS oc-
cult leukemia is dependent on MTX levels achieved in the
CSF. Effective MTX levels in CSF samples taken at 24 h after
starting the HDMTX was achieved in the majority of
UKALL XI trial patients. One may speculate that late avail-
ability of MTX results may not allow to promptly adjust
down folinic acid doses, which may have resulted in LV
overrescue in many patients, minimizing the potential sys-
temic benefit of MTX but not its impact on occult CNS dis-
ease, as suggested earlier by BORSI et al [6].

Why did HDMTX only marginally improve systemic ther-
apy in the protocols that were reviewed by CLARKE, did not
improve results in UKALL XI study and markedly improved
results of the DFCI backbone?

MTX and 6-mercaptopurine have been the backbone of
successful maintenance/continuation therapy for nearly four
decades. Since treatment duration is about 2 years, children
already receive over 70 courses of weekly MTX. Does sub-
stituting one or multiple courses (median four) of HDMTX
(range 0.5–33 g/m2) represent a significant increase in anti-
folate exposure, given pharmacologic parameters of time,
dose, saturable metabolism, and the need for LV rescue?
Moreover, some studies suggest that MTX may limit its own
metabolism in vitro, so sometimes the more may not be better
[21].

“Capizzi methotrexate”

Very interesting suggestions regarding the use of i.v. MTX
and/or LV dosing can bring apparent clinical efficacy of the
“Capizzi regimen”, using completely different philosophy
how to administer systemic, i.v. MTX [10, 29]. Much lower
and escalating dose of i.v. methotrexate with no leucovorine
rescue, followed by asparaginase, is a key element of aug-
mented BFM therapy, which has been efficacious in the treat-
ment of higher risk childhood ALL [34].

Clinical efficacy of Capizzi regimen and data from patients
with psoriasis go well in line with original Borsi’s overrescue
theory.

Conclusion and questions to be answered

While considering the contribution of HD/IM MTX to
overall therapeutic success in children with ALL from the
single cell perspective [23], the issue is that reaction to i.v.
MTX of chemotherapy naive ALL blasts (at presentation)
could be different than the reaction of to chemotherapy ex-
posed blasts on the level of minimal residual disease only, or
even while in molecular remission (during the late intensifi-
cation). This may complicate clinical usefulness of in vitro

data achieved on chemotherapy naive blasts at disease pre-
sentation.

Recently it seems, that despite several decades of clinical
experiences, the optimal dose and schedule of both metho-
trexate and/or LV is still a subject of considerable discussion.

The answer how to best incorporate MTX into the treatment
protocols is not yet known, and important questions regard-
ing the timing and dosing of both MTX and LV rescue remain
unanswered.

There could be burning questions raised. E.g. what is the
justification for 2 weeks interval between HD MTX cycles,
used in BFM and UKALL studies? E.g. similar to earlier
Hodgkins studies?

What is the rationale for the i.v. MTX dose reduction for
all B lineage ALLs, including TEL/AML 1+ ones, while
maintaining the same leucovorine rescue in recent protocol
M in ALL BFM IC 2002 study, currently in use in many
countries, including our?

Given the data presented here and the nature of our as-
sumptions backing recent treatment schemas that really can
only be tested prospectively, it seems reasonable to proceed
with further clinical and pharmacological studies dealing
with this still controversial part of the treatment for children
with ALL, despite 5 decades of clinical experience with sys-
temic MTX treatment.
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