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Use of high dose corticosteroids in patients with
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S UMM AR Y Eleven patients with inoperable brain tumours were treated with high doses of
corticosteroids (methylprednisolone 200-2000 mg/day) for up to 151 days (mean 55 days).
Neurological improvement occurred in eight patients on high doses after deterioration on con-

ventional doses (methylprednisolone 80-120 mg/day). In two patients steroids could be
completely discontinued for several months. Serious adverse effects included sepsis in three
patients and myopathy in two. All three patients with sepsis also received chemotherapy. There
were no deaths that could be attributed to steroids. The most likely effect of high doisage steroids
is reduction of cerebral oedema. It is conceivable that in some instances high dose steroids may
also result in tumour inhibition or oncolysis or both.

Corticosteroids are valuable adjuncts in the
management of patients with brain tumours. In the
doses conventionally used (80-120 mg/day of
methylprednisolone, 16-24 mg/day of dexametha-
sone) their principal action is reduction of peri-
tumoural oedema. While all patients eventually
show signs of neurological deterioration it was
rare, until recently, to exceed 120 mg/day of
methylprednisolone. The rationale for not exceed-
ing that dose is unclear but is probably based on
fear of adverse effects: sepsis, gastrointestinal
haemorrhage. Recently high dosage of steroids
has been used successfully to treat patients with
brain tumours. We review our experience with
high dose steroids (200 to 2000 mg/day of methyl-
prednisolone) because the published reports are
few and information on adverse effects limited
(Renaudin et al., 1973; Marshall et al., 1975). We
would also like to comment on the possibility of
tumour inhibition and/or oncolysis with high dose
steroids.

Methods

In a one year period 11 patients with brain
tumours, representing 15% of patients with brain
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tumours (both primary and secondary) at the
New York University Medical Center, received
200 mg per day (or more) of methylprednisolone
for at least 21 consecutive days. Methylpredni-
solone was administered in increasingly high doses
to control increased intracranial pressure. Six
patients had primary and five had metastatic
tumours. Among the latter, two were from the
lung, one was from the colon, and in two no pri-
mary source could be found. Ages ranged from
31 to 74 years (mean 57). All patients on admis-
sion were symptomatic, and in all the location of
the tumour precluded surgery: dominant hemi-
sphere in six, multiple in three, and deep thalamic
in two. Five patients had received previous treat-
ment. This consisted of radiation in four patients
and surgery and radiation (6000 rads) in one
patient who had originally presented with a non-
dominant hemisphere astrocytoma and at a later
date with a recurrent inoperable dominant hemi-
sphere astrocytoma. Seven patients received radia-
tion while on high dose steroids. Six had not
previously received radiation while one had re-
ceived less than a full course. Six pa,tients received
concurrent chemotherapy.
Among the 11 patients on more than 200 mg/

day of methylprednisolone there was a subgroup of
six who received 500 mg/day for up to 35 days
(mean 13 days), and within this subgroup there
were five patients who received 1000 mg/day for
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up to 21 days (mean six days). Three of the latter
received up to 2000 mg/day. Eight of the patients
had been started on conventional doses of
methylprednisolone, and this was increased be-
cause of neurological deterioration. In three
patients steroids were begun in high dosage at the
onset because of signs of uncal herniation with
rostral-caudal deterioration. The clinical course
of the patients was followed by a graded neurolo-
gical examination, isotopic brain scan, and com-
puterised tomography. Nine of the 11 patients
died, and postmortem examinations were
performed in five.

Results

The effects of treatment are summarised in the
Table. Improvement on high dose steroids oc-
curred in all of the eight patients who had shown
deterioration on conventional doses and continued
up to 1000 mg/day. No additional improvement
occurred beyond this dose up to 2000 mg/day. In
one typical example a patient with a dominant
hemisphere tumour one year after radiation had
become aphasic and unable to walk. She was
placed on methylprednisolone in gradually in-
creasing doses. Resolution of symptoms occurred
on 120 mg/day, and she remained asymptomatic
for several weeks. She again became aphasic and
unable to walk. Methylprednisolone was increased
to 500 mg/day and she regained her ability to
speak and walk. Improvement lasted for six weeks
but was followed by neurological deterioration
and death.

In two patients with primary brain tumours
steroids could be completely discontinued for
several months. Both patients had dominant hemi-
sphere tumours and had received radiation and
chemotherapy. Both had been treated with 80 mg/
day of methylprednisolone and had become steroid
dependent, attempts at decreasing the dose of
methylprednisolone resulting in neurological de-
terioration. When deterioration began to occur
despite 80 mg/day of methylprednisolone the dose
was rapidly increased to 500 mg/day and main-
tained at this level for 21 days. In both patients
there was prompt improvement and steroids could
be discontinued completely. One patient continues
to maintain his improvement 14 months later. He
has a mild expressive aphasia and right hemi-
paresis. He lives at home, is independent in activi-
ties of daily living, and regularly comes to the
hospital for examinations. In the other patient
symptoms recurred after three months and pro-
gressed rapidly till death.

Dramatic improvement on high dose methyl-

prednisolone occurred in two of three patients
with uncal herniation and signs of rostral-caudal
deterioration who had not been previously treated
with steroids. One patient with metastases from an
undifferentiated lung carcinoma was decerebrate
on admission. He was started on methylpredniso-
lone 1000 mg/day and four days later regained
consciousness and the ability to walk. At this
point, radiation therapy was begun. Over the next
12 days methylprednisolone was decreased to 500
mg/day. This resulted in rapid neurological de-
terioration which was not reversed with 2000 mg/
day of methylprednisolone.
Three patients (28%) developed serious bacterial

infections while on steroids and chemotherapy
(methyl-1-(2-chloroethyl)3-(4 methylcyclohexyl)-l-
nitrosourea; Semustine). One patient, a diabetic
man, developed four separate major infections all
of which were treated successfully. At a later
date he developed a severe myopathy and became
unable to walk. Another patient developed
disseminated herpes zoster and at a later date a
severe myopathy. While it is difficult to state
whether the steroids, the chemotherapy, or the
combination of both were responsible for the de-
creased resistance leading to infection, the mor-
bidity of 28% compares unfavourably with our
morbidity of 5% in patients on chemotherapy and
conventional doses of methylprednisolone. There
were no deaths that could be attributed to steroids.
There were several minor adverse effects. All 11
patients developed features of hyperadrenocorti-
calism; six developed a monilial pharyngitis (re-
sponsive to nystatin); five had persistently elevated
blood sugar levels but only the known diabetic
required insulin. There were no episodes of gastro-
intestinal bleeding. Two patients, both with
metastatic tumours, developed multiple pulmonary
emboli requiring anticoagulant treatment. In both,
the emboli were considered to be unrelated to the
steroids.

Discussion

Our data indicate that high doses of cortico-
steroids are an effective and relatively safe short-
term treatment for patients with brain tumours
who are no longer responding to conventional
doses. The data imply that an arbitrary upper
limit on dose should not be set but that steroids
should be increased as necessary in each patient.
They also indicate that there is a limit to the
effectiveness of steroids as with dosage above
1000 mg/day of methylprednisolone we observed
no additional improvement. The high incidence
noted of serious but treatable infections and of
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myopathy is disconcerting but, given the desperate
condition of our patients, these effects were
thought to be justifiable. The sustained improve-
ment noted in two patients after treatment with
high dose steroids raises the possibility that steroids
may have an inhibitory and/or oncolytic effect
on the tumour.

Corticosteroids were introduced as adjuncts in
the management of brain tumours in the early
1950s to prevent postoperative adrenocortical col-
lapse in patients undergoing surgery for sellar and
parasellar tumours (Matson and McLaurin, 1952;
Tytus et al., 1955). At this time steroids were also
used to suppress endogenous adrenal secretions in
patients with endocrine sensitive breast tumours.
While the results of such treatment were disap-
pointing some of the earlier patients also had
extensive cerebral metastases. The dramatic im-
provement in neurological symptoms in these
patients, and the uinusually smooth postoperative
course in the steroid treated patients with sellar
and parasellar tumours, led to the use of steroids
in patients with other brain tumours (Kofman et
al., 1957; Galicich et al., 1961; Ruderman and
Hall, 1965).

These autlhors reported that steroids are effec-
tive in reducing the neurological symptoms in
more than 70% of patients with brain tumours,
both primary and metastatic. Onset of action is
rapid, within 24 to 48 hours, but is usually short-
lived (three to six months). Response is indepen-
dent of the type of steroid (hydrocortisone,
cortisone, prednisone, methylprednisolone, dexa-
methasone) provided equivalent doses are used.
The rapid onset of neurological improvement, the
similarity of improvement in patients with
different histological types of tumours, the
similarity of improvement in a variety of diverse
conditions having as their only common de-
nominator cerebral oedema, and the failure to
note regression of any primary extracerebral
tumour lhas led most investigators to postulate that
improvement is secondary to a reduction in
oedema (Lippert et al., 1960; Beinderman et
al., 1962; Rasmtussen and Gulati, 1962; Harris,
1967; Long et al., 1972; Weinstein et al., 1973).
The way in which steroids alter oedema is not

clear. The basic mechanism responsible for the
development of cerebral oedema is an increase in
cerebrovascular permeability to protein, water,
sodium, and potassium (Klatzo, 1972) which is
probably secondary to a disruption of the capillary
endothelial junction and/or endothelial-glial junc-
tion (Harris, 1967; Long et al., 1972). Associated
with the increased permeability, there is a change
in the activity of certain hydrolytic enzymes that

are normally bound to lysosomes (Bingham et al.,
1971) and whose release further increases cerebro-
vascular permeability. There is also absence of a
Na-K stimulated adenosine-triphosphatase (Na-K-
ATPase) in some oedematous structures (Krigman
and Hurt, 1970). Na-K-ATPase functions as a
compensatory mechanism for maintaining ionic
integrity in the face of abnormal vascular perme-
ability. Steroids may alter cerebral oedema by
decreasing permeability through stabilisation of
the capillary endothelial junction and/or endo-
thelial-glial junction (Long et al., 1972); they may
affect ionic transport across the capillary-glial
interface, or they may prevent the release of dis-
ruptive lysosomal enzymes (Bingham et al., 1971).
All these mechanisms involve changes in mem-
brane structure and differ from the anti-oedema
effect of dehydrating agents and diuretics. It is
conceivable that a comparable change in mem-
brane structure may also be involved in tumour
inhibition and/or oncolysis in primary brain tu-
mours. Thus both morphological abnormalities
and reduced growth rates have been noted in tissue
cultures of biopsied human central nervous system
tumours at steroid concentrations of greater than
100 micrograms/ml. However, complete lysis was
seldom seen even with concentrations as high as
5000 micrograms/ml (Burton et al., 1967; Mealy
et al., 1971; Wilson et al., 1972; Kajikama et al.,
1974). Additional evidence for steroid induced tu-
mour inhibition or oncolysis or both comes from
in vivo studies where, in mice, steroids have been
shown to have an inhibitory effect on transplanted
melanomas (Kotsilimbas et al., 1967), transplanted
lymphoid tumours (Baserga and Shubik, 1954),
and a naturally occurring intracerebral ependymo-
blastoma (Shapiro and Posner, 1974). A decrease
in the incorporation of tritiated thymidine into
tumour DNA was also noted in the steroid treated
mice with ependymoblastomas. Additionally,
stcroids have been shown to have an inhibitory
effect on a methylnitrosourea induced intra-
cerebral glioma in rats (Gurcay et al., 1971), and
in two different subcutaneously transplanted
gliomas in mice and rats (Wright et al., 1969). The
inhibitory effect of steroids on the growth of
tumour cells in tissue culture has been attributed
to an increase in the cell cycle time (tumour inhi-
bition) rather than to cell death (oncolysis) (Wilson
et al., 1972). The sustained improvement noted
in two of our patients may represent such inhibi-
tion or oncolysis or both. So suggestive is the
evidence for tumour inhibition and/or oncolysis
that the Brain Tumor Study Group of the United
States National Cancer Institute has undertaken a
large multi-institutional cooperative study to in-
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vestigate this point and within the next few years
a definitive answer may be forthcoming.

We wish to thank Dr. Irwin Feigin for his co-
operation. We also wish to thank Ms. Kathleen
Faridazar for typing the manuscript.
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