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Although dexamethasone is very effective for control-
ling peritumoral cerebral edema, it is associated with
distressing side effects that decrease the quality of life
for many patients. One potential mechanism to explain
the ability of dexamethasone to repair blood-brain bar-
rier dysfunction is through the inhibition of cyclooxyge-
nase-2 (COX-2). The purpose of this study was to
determine in a rat brain tumor model whether SC-236, a
selective COX-2 inhibitor, is as effective as dexametha-
sone. Twenty-nine adult male Fischer 344 rats were
implanted with intracerebral 9L gliosarcomas and
divided into 3 treatment groups. One group (n = 9)
served as controls, another (n = 9) was treated with dex-
amethasone (3 mg/kg p.o. daily), and a third group (n =
11) received SC-236 (3 mg/kg p.o. daily). A survival
study was performed. The median survival in the con-
trol group was 16 days, compared with 23 days for the
dexamethasone group and 23 days for the COX-2
inhibitor group. Kaplan-Meier analysis on pairwise
group comparisons showed improved survival that was
statistically signi�cant for each treatment group com-
pared with the control group (log-rank test P = 0.009
for dexamethasone to control and P = 0.005 for COX-2
to control), and no signi�cant difference in survival for
the COX-2 compared with dexamethasone (log-rank
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Vasogenic cerebral edema typically accompanies the
growth of brain tumors. This edema results from
the production of vasogenic permeability factors

by the tumor (Bruce et al., 1987; Criscuolo et al., 1988)
that cause widening of the tight endothelial cell junctions
of the blood-brain barrier. Capillaries become fenestrated
and an increased number of pinocytotic vesicles appear
(Long, 1979). The result of this increased capillary per-
meability is a net in�ux of plasma constituents from the
blood into surrounding brain tissue (Klatzo, 1972).

Dexamethasone has traditionally been used to treat this
type of cerebral edema and has improved neurologic func-
tion (Galicich and French, 1961) and survival in brain
tumor patients (Posner, 1975). In 1966, the morphologic
effect of dexamethasone on cerebral edema was �rst
described with the use of electron microscopy (Long et al.,
1966). The investigators examined surgical specimens from
the brains of 15 patients with a variety of CNS tumors that
had been treated with dexamethasone. They found that
vasogenic cerebral edema results in ultrastructural changes,
such as enlargement of pericapillary astrocyte processes
and increased extracellular space in the white matter with
axon deformity, which dexamethasone can completely
reverse. Although this study and others (Hedley-White and
Hsu, 1986; Olson et al., 1988) have shown that corticos-
teroids can repair a disrupted blood-brain barrier, the
mechanism by which they accomplish this is not clear.

Although dexamethasone is effective in controlling
peritumoral brain edema, often, intolerable side effects
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Table 1. Cause of death in each group of rats

Control Dexamethasone COX-2

group group inhibitor

(n = 9) (n = 9) group (n = 11)

Killed (%) 7 (77) 5 (56) 7 (64)

Natural (%) 2 (23) 4 (44) 4 (36)

Fig. 1. Kaplan-Meier survival curves. Kaplan-Meier survival analysis
was used to compare the 3 groups of rats: control group (solid line),
dexamethasone group (broken line), COX-2 group (dashed line). Sur-
vival was signi�cantly improved for the dexamethasone group (log-
rank P = 0.009) and the COX-2 group (log-rank P = 0.005) when
compared with the control group. There was no signi�cant difference
in survival for the COX-2 group when compared with the dexam-
ethasone group (log-rank P = 0.2).

develop, particularly because high doses of dexametha-
sone are frequently required for long periods of time
(Koehler, 1995; Weissman et al., 1987). Examples of
such side effects that signi�cantly decrease quality of life
for patients include weight gain, dyspepsia, sleep distur-
bances, glucose intolerance, emotional lability some-
times resulting in psychosis, increased susceptibility to
infection, osteoporosis, and a progressive proximal
myopathy that can make it impossible for patients to
ambulate.

Studies of dexamethasone have determined that one of its
mechanisms of action is inhibition of COX-22 expression
(Masferrer et al., 1992, 1994). Cyclooxygenase is the rate-
limiting enzyme involved in the production of prostaglan-
dins from arachidonic acid. It exists as two isoforms:
COX-1, the constitutive form that is expressed in most tis-
sues and has a homeostatic function, and COX-2, the
inducible form of the enzyme that is usually only present in
tissues at signi�cant levels when there is in�ammation (Mas-
ferrer et al., 1996). The �rst selective COX-2 inhibitors, a
new class of NSAIDs, received Food and Drug Administra-
tion approval in 1998 for the treatment of rheumatoid
arthritis and osteoarthritis. These novel drugs have the same
anti-in�ammatory and pain-relieving properties as other
NSAIDs, but have a more favorable toxicity pro�le because
they do not interfere with platelet function and are less likely
to cause gastrointestinal bleeding (Schrefer, 2000). Because
selective COX-2 inhibitors have a mechanism of action sim-
ilar to dexamethasone, but have a better toxicity pro�le, the
purpose of this study was to begin investigating whether it is
possible to use a selective COX-2 inhibitor instead of dex-
amethasone for controlling peritumoral cerebral edema.

Materials and Methods

This study involved the use of live rats and was approved
by the Institutional Animal Care and Use Committee of
The Johns Hopkins University School of Medicine.

Placement of Intracerebral Tumors

Adult male Fischer 344 rats were anesthetized by i.p. injec-
tions of ketamine (90 mg/kg) and xylazine (10 mg/kg). The
scalp of each rat was shaved and cleaned with alcohol. A
midline incision was made, and the scalp, along with the
underlying tissue, was retracted. Using a Dremmel drill
(Emerson Electric Co., Racine, Wis.), a 2-mm burr hole
was made stereotactically through the skull at 1 mm pos-
terior to the bregma and 4 mm lateral to the sagittal suture
over the right cerebral hemisphere. A 1.5-mm x 1.5-mm
piece of tumor from a s.c. 9L gliosarcoma grown in a car-
rier rat was placed through the burr hole just below the
surface of the brain. A piece of Gelfoam was inserted as
well. The incision was closed with surgical staples.

Treatment Groups

The rats were randomly divided into 3 treatment groups
after tumor implantation. The �rst group, consisting of 9
rats, served as controls. They received no further inter-
vention and were observed until they died or developed
neurologic deterioration, at which time they were killed.

The second group, consisting of 9 rats, was gavaged
daily with dexamethasone (3 mg/kg) beginning the day after
tumor implantation. They were given dexamethasone daily
until they died or were killed. Similarly, the third group,
composed of 11 rats, was gavaged daily with SC-236 (3 mg/
kg), a COX-2 inhibitor, until they died or were killed.

Results

Kaplan-Meier survival analysis was used to compare the
3 groups. The median length of survival was 16 (95%
con�dence interval, 15-20) days in the control group
compared with 23 (95% confidence interval, 20-27)
days in the dexamethasone group and 23 (95% con�-
dence interval, 20-23) days in the COX-2 inhibitor
group (Fig. 1). The log-rank chi-square result comparing
survival across the 3 groups was signi�cant (P = 0.002).
Pairwise group comparisons were performed. Survival
was signi�cantly improved for the dexamethasone group
(log-rank P = 0.009) and the COX-2 group (log-rank P =
0.005) when compared with the control group. There
was no signi�cant difference in survival for the COX-2
group when compared with the dexamethasone group
(log-rank P = 0.2). The rat surviving the longest in the
control group lived 21 days compared with 30 days in
the dexamethasone group and 28 days in the COX-2
inhibitor group.
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As detailed above, all of the rats were followed until
they died or developed neurologic deterioration, at which
time they were killed. Criteria for putting them to death
were consistently applied to all of the groups. A similar
number of animals in each treatment group were killed
(Table 1). Autopsies done on the brains of the rats
revealed the presence of large tumors in the region of
tumor implantation among all 3 groups of rats.

Discussion

Peritumoral cerebral edema affects almost all patients
with primary brain tumors at some point during the
course of their illness. With the use of a rabbit brain
tumor model, it has been demonstrated that dexametha-
sone can signi�cantly delay the development of peritu-
moral cerebral edema and that, once dexamethasone is
discontinued, the cerebral edema recurs rapidly (Weiss-
man and Grossman, 1988). Although dexamethasone is
very effective for treating this medical problem, its use
often results in debilitating side effects. As a result, other
drugs with similar mechanisms of action have been inves-
tigated as possible alternatives to dexamethasone for the
treatment of vasogenic cerebral edema. NSAIDs inhibit
both COX-1 and, similar to dexamethasone, COX-2
isoenzymes. Studies looking at the treatment of peritu-
moral cerebral edema with NSAIDs have produced con-
�icting results. Some investigators have shown that
NSAIDs, such as ibuprofen, can decrease tumor-associated
protein extravasation in a preclinical glioma model
(Reichman et al., 1986) and can produce clinical improve-
ment in some patients with peritumoral cerebral edema
(Del Maestro and Mattar, 1988). However, another study
using the VX2 rabbit brain tumor model did not con�rm
the anticerebral edema effect from NSAIDs (Weissman
and Stewart, 1988). SC-236 is a selective COX-2 inhibitor
and has a mechanism of action similar to dexametha-
sone’s. This is the �rst study to show that a new selective
COX-2 inhibitor appears to be as effective as dexametha-
sone for prolonging survival in a rat brain tumor model.

Studies by other investigators have shown that COX-2
is overexpressed in many tumors (Gupta et al., 2000; Mas-
ferrer et al., 2000; Sano et al., 1995; Tucker et al., 1999),
including gliomas (Joki et al., 2000). Several preclinical
studies have shown that COX-2 inhibitors also exhibit an
antitumor effect, although the precise mechanism of action
is not clear. Theories include inhibition of angiogenesis
(Masferrer et al., 2000; Milas et al., 1999) and induction of
apoptosis (Elder et al., 1997; Liu et al., 1998; Sawaoka et
al., 1998). As a result, it is possible that the improved sur-
vival in the COX-2 inhibitor group compared with the con-
trol group in our study is due to the direct antitumor effect
of the COX-2 inhibitor. However, when comparing the
COX-2 inhibitor group to the group of rats that received
the corticosteroid, which is not believed to have any direct
antitumor activity against gliomas (Green et al., 1983), one
sees that survival was similar, and at autopsy, large tumors
were found in both groups. Therefore, we suspect that the
survival bene�t seen with SC-236 in this study is more
likely due to its anti-edema activity rather than to any anti-
tumor effect of the selective COX-2 inhibitor.

Although this exploratory study did not include an
attempt to quantify the amount of cerebral edema present in
the brain of each animal, the results suggest that the ability of
dexamethasone to control cerebral edema may occur
through its selective inhibition of COX-2 expression. As
stated previously, the exact mechanism by which dexam-
ethasone repairs a disrupted blood-brain barrier is
unknown. Some investigators have postulated that dexam-
ethasone decreases cerebral edema by blocking the metabo-
lism of arachidonic acid, which plays a role in increasing the
permeability of the blood-brain barrier (Unterberg et al.,
1986; Unterberg et al., 1987) or by incorporating steroid
molecules into the hydrophobic portion of the endothelial
cell membrane, thereby stabilizing the membrane (Casa-
nova, 1984). Others believe that rather than causing a direct
decrease in production of edema, dexamethasone indirectly
improves cerebral edema by promoting its reabsorption.
Dexamethasone can inhibit the choroid plexus from produc-
ing cerebrospinal �uid. This results in the creation of an
increased pressure gradient for extravasated �uid to move
into the cerebrospinal �uid (Pappius, 1975; Schwartz et al.,
1972). The results of our study suggest that a selective
COX-2 inhibitor is as effective as dexamethasone for pro-
longing survival in rats with intracerebral tumors. These
�ndings lend support to the �rst theory that dexamethasone
directly decreases vasogenic cerebral edema through its anti-
in�ammatory properties, namely, COX-2 inhibition.

Although the results of this preliminary study indicate
that a selective COX-2 inhibitor may be as effective as dex-
amethasone for controlling peritumoral cerebral edema, it
is beyond the scope of this study to show that such use of a
selective COX-2 inhibitor is associated with fewer side
effects. Intuitively, this would seem so, as the only major
toxicities from COX-2 inhibitors are renal dysfunction
and risk of gastrointestinal bleeding (Schrefer, 2000) com-
pared with the long list of debilitating side effects pro-
duced by dexamethasone. Emotional lability, sleep
disturbance, and proximal myopathy are examples of side
effects that are best compared in humans. Currently, a
pilot study involving the use of celecoxib, a commercially
available selective COX-2 inhibitor, to control cerebral
edema in patients with brain tumors is being conducted at
The Johns Hopkins Oncology Center. The results of this
pilot study could serve as a basis for a larger randomized
study that would directly compare COX-2 inhibitors with
dexamethasone in terms of ef�cacy and toxicity for the
treatment of cerebral edema in patients with brain tumors.

In summary, this preliminary study has shown that a
selective COX-2 inhibitor is as effective as dexametha-
sone for prolonging survival in a rat brain tumor model.
Further study of COX-2 inhibitors as alternatives to dex-
amethasone for the treatment of cerebral edema in
patients with brain tumors is warranted. Such studies
could result in a signi�cant improvement in the quality of
life for patients with these devastating tumors.
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