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Summary. A major side-effect of high-dose methotrexate
is renal toxicity, wich may develop unexpectedly despite
adequate standard precautions such as hydration and al-
kalinisation of the urine. The pathogenesis is unclear. Re-
cent reports suggest that the combination of high-dose
methotrexate with non-chemotherapeutic agents may
cause such renal impairment. Three cases of unexpected
renal impairment following the combined use of high-dose
methotrexate and another cytotoxic agent, procarbazine,
are reported. Possible mechanisms of this interaction are
discussed, as are recommendations for future combined
administration.

Introduction

High-dose methotrexate with leucovorin has been used in
the treatment of a number of human tumours. A major
side-effect is renal toxicity, wich may still occur despite the
use of adequate hydration, alkalinisation and forced diure-
sis [6, 7]. The consequent delayed renal clearance of meth-
otrexate can then result in high serum levels predisposing
to further servere toxic side-effects, e. g. myelosuppression,
gastrointestinal mucositis, acute desquamating dermatitis
and even death [17]. The pathogenesis of the renal dys-
function is uncliear. Recent reports indicate that the combi-
nation of high-dose methotrexate with non-chemothera-
peutic agents may lead to increased renal impairment [2, 3,
9, 10]. We report on three cases of unexpected renal im-
pairment following the combined use of two cytotoxic
drugs: high-dose methotrexate and procarbazine.

Materials and methods

At the Royal Marsden Hospital, between December 1983
and December 1984 patients with medulloblastoma and
certain other selected CNS tumours were treated with so-
called “sandwich” chemotherapy. Vincristine, procarba-
zine and high-dose methotrexate were used in combination
after surgery and prior to central nervous system irradia-
tion, as shown in Table 1. Four patients were treated exact-
ly in accordance with this protocol. Procarbazine was giv-
en on days 1-14, and the first dose of methotrexate was
infused within 48 h of the termination of procarbazine.
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No patient had received previous chemotherapy. Renal
function in all patients was assessed by measuring the
plasma creatinine level and the SICrTEDTA clearance prior
to chemotherapy. All patients had normal renal function
and none had a history of renal disease. Particular atten-
tion was paid to standard high-dose methotrexate adminis-
tration precaution, including pre- and post-hydration, al-
kalinisation of urine, and adequate leucovorin rescue, de-
pendent on plasam methotrexate levels measured at 24, 48
and 72 h after methotrexate administration. Renal func-
tion was monitored by serial measurement of plasma
creatinine levels at intervals after methotrexate infusion.

Results

In three of the first four patients (see Table 2) treated with
this chemotherapy, renal function deteriorated after high-
dose methotrexate infusion. On the 1st or 2nd day follow-
ing methotrexate, the plasma creatinine level rose, the
SICrEDTA clearance fell and raised serum methotrexate
levels were noted at 24, 48 and 72 h (see Fig. 1). Deteriora-
tion in renal function meant that either the second dose of
methotrexate was delayed (case 1 and 3) or further che-
motherapy was abandoned (case 2). Three month after the
study the serum creatinine had remained within normal lim-

Table 1. “Sandwich” chemotherapy protocol for brain tumours

Chemotherapy Days
Procarbazine 100 mg/m? p.o. daily 1 - 14
Vincristine 1.5 mg/m?i.v. weekly 18 1522 29 36
Methotrexate 2 g/m?i.v.infusionover6h x 3 15 22 29

Radiotherapy to commence on day 36

Table 2. Patients treated with the combined chemotherapy

Case Sex Age Diagnosis
1 M 12 years Recurrent 4th ventricle
ependymoma
2 F 9 years Medulloblastoma
3 M 28 years Recurrent cerebellar
haemangioblastoma
F 7 years Medulloblastoma
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Fig. 1. Rise in plasma creatinine following methotrexate adminis-
tration

its in all three cases. No other side-effects of methotrexate
toxicity were recorded.

Observation in other patients with intracranial tumours
Jfollowing high-dose methotrexate administration

1. Three other patients with medulloblastoma not included
in the present study were treated between December
1983 and December 1984 using the same chemothera-
peutic programme. However, these patients received
methotrexate 4, 5 and 12 days, respectively, after the ad-
ministration of procarbazine was completed, the in-
creased interval between the two drugs being the result
of delays in hospital admission (2 cases) and neutrope-
nia (1 case). None of these patients developed impaired
renal function.

2. Prior to the use of the present protocol, 12 patients with
medulloblastoma were treated between November 1982
and December 1983 using vincristine 1.5 mg/m? and
methotrexate 1.5 g/m? with leucovorin rescue without
procarbazine. None of these patients developed im-
paired renal function.

3. Since the appraisal of our three cases of renal failure, we
have modified the chemotherapy protocol. The metho-
trexate infusion is now started not less than 72 h after
the last dose of procarbazine. Of three patients treated
according to this altered regimen none has developed re-
nal impairment.

Conclusion

We describe three cases of renal impairment following
treatment with high-dose methotrexate. This is a recog-
nised complication of methotrexate therapy [1, 4]. Howev-
er, it is clear from our observations that this renal impair-
ment was not due to methotrexate alone, but to the com-
bined use of high-dose methotrexate and procarbazine
with an interval of less than 48 h between the two.

Discussion

No case of renal impairment has been reported following
the use of procarbazine alone. The combination of pro-
carbazine and methotrexate is being used in the manage-
ment of other malignancies, such as recurrent oat cell
carcinoma of the lung [8], squamous carcinoma of the
lung [11] and refractory lymphoma [5]. Renal failure
has not been reported as a complication of these regimens,
but the dose of methotrexate used is relatively low (100-
200 mg/m>). :

We have found that high-dose methotrexate (2 g/m?)
given within 48 h of administration of procarbazine
caused renal impairment in three out of four cases. It is
difficult to determine the site of the interaction between
procarbazine and high-dose methotrexate. Procarbazine
appears to increase susceptibility to methotrexate toxicity
in the kidney but not to exacerbate other toxic side-effects.
This effects appears not to be dose-dependent. One possi-
ble explanation would be the competitive excretion of
both methotrexate and procarbazine. In our cases, howev-
er, by the time methotrexate was administered much of the
procarbazine would have already been eliminated through
the kidneys. A more likely explanation is that procarba-
zine has a transient effect on the kidneys, wich alters renal
excretion of methotrexate. If high-dose methotrexate is ad-
minstered before recovery from this change, excretion of
the drug is delayed and subsequent prolonged exposure of
the kidneys to methotrexate results in further impairment
of renal function.

On the basis of the above observations it seems advis-
able to allow an interval of not less than 72 h between ad-
ministration of the final dose of procarbazine given over
the usual 14 days and high-dose methotrexate (2 g/m?). If
a more prolonged adminstration of procarbazine is re-
quired then a longer interval may be needed before high-
dose methothrexate administration. With the wider use of
high-dose methotrexate, special care should be taken to
avoid possible adverse interactions with concomitant
administration of other drugs.
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