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ABSTRACT: An understanding of the mechanisms responsible for tumor-associated edema involves the elucidation 
of the role played by a number of intra-related processes. These include (i) the permeability of new tumor microvessels 
that are associated with tumor angiogenesis; (ii) alterations in microvascular permeability due to factors secreted by 
tumor cells; (iii) immunological mechanisms and (iv) increased microvessel permeability associated with inflamma
tion. The rationale for a role for inflammatory processes in tumor-associated edema has been outlined and the role of 
non-steroidal anti-inflammatory drugs in modulating experimental and human tumor-associated edema has been 
explored. 

RESUME: Revue des meeanismes de l'oedeme associe aux tumeurs La comprehension des mecanismes respons-
ables de l'oedeme associe a des tumeurs implique Pelucidation du role de certains processus inter-reli£s. Ce sont (I) la 
permeabilite des nouveaux microvaisseaux de la tumeur qui sont associes a l'angiogenese tumorale; (II) les alterations 
de la permeability microvasculaire due a des facteurs secretes par les cellules tumorales; (III) des mecanismes 
immunologiques et (IV) une permeabilite accrue des microvaisseaux associee a l'inflammation. Nous justifions le role 
de processus inflammatoires dans l'oedeme associe aux tumeurs et nous explorons le role des anti-inflammatoires non-
steYo'i'diens dans la modulation de l'oedeme associe aux tumeurs, dans le contexte experimental et humain. 
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The growth of human intracerebral tumors is associated with 
the development of tumor-associated edema which is responsi
ble for significant patient morbidity and mortality. The control 
of tumor-associated edema is an important component of patient 
management. 

The understanding of the mechanisms responsible for cere
bral edema associated with tumor growth involves the elucida
tion of the contribution of a number of inter-relating processes 
(Figure 1). Conceptually, four dynamic processes may be con
sidered: 1) the permeability of new microvessels associated with 
tumor angiogenesis; 2) increased microvascular permeability 
due to factors secreted by tumor cells; 3) immunological mecha
nisms and 4) increased microvascular permeability associated 
with the inflammatory process which may depend on both the 
presence and growth of the tumor. 

In this communication, an attempt will be made to evaluate 
the role of each of these suggested mechanisms in the murine 
C6 spheroid implantation model12 and human cerebral tumors 
with an emphasis on the possible role of inflammatory processes 
and the influence of non-steroidal anti-inflammatory drugs 
(NSAID's). 

Definitions 
Cerebral edema may be defined as an increase in brain vol

ume due to elevated water and sodium content. Tumor-associat
ed edema may be considered to be a specific situation in which 
there is an increase in water content of brain tissue which results 
from the presence and/or growth of a cerebral tumor. The term, 
peritumoral edema, is frequently used;3 however, alterations in 
water content may be found large distances from the tumor and 
may also involve the corpus callosum and the contralateral 
hemisphere (Figure 2). It would appear that the term "tumor-
associated edema" may more accurately reflect the pathophysio
logical events occurring during tumor growth which result in 
alterations in cerebral water content. 

Tumor-associated edema is usually visualized on a contrast 
enhanced computerized tomography scan as an area of hypoden-
sity surrounding the region of tumor enhancement (Figure 2) or 
as a region of increased T, or T2 signal surrounding the gadolin
ium enhanced area on a magnetic resonance image. In metastat
ic and extra-axial tumors, the localization and quantitation of 
tumor-associated edema is usually possible using these imaging 
techniques. However, in infiltrating malignant cerebral tumors 
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Figure I — Conceptual model for the inter-relationship of four factors 
which may he responsible for tumor-associated edema. 

and in low grade tumors with no enhancement, the differentia
tion of tumor infiltrated cerebral tissue from tumor-associated 
edema cannot be accurately carried out.2'4 Tumor cells are found 
large distances from the major tumor mass in many malignant 
glial tumors.5 It may be reasonable to describe the computerized 
tomogram in these situations as having tumor-associated hypo-
density which outlines what is seen but does not identify the 
pathophysiology of the process. 

Mechanisms of Tumor-Associated Edema 

Tumor Angiogenesis 

The progressive growth of solid tumors and their metastases 
depends on the induction of new microvessels from the host tis
sue called angiogenesis.6 This may be considered a multi-stage 
cascade of events involving morphological and biochemical 
alterations in a variety of microvessels co-ordinated by a num
ber of interacting growth factors. It is not unique to tumors 
occurring in such processes as chronic inflammation, wound 
repair and embryogenesis.6 Hardman7 carried out the first com
prehensive studies on angiogenesis in malignant human glial 
tumors and outlined a number of key points of cerebral tumor 
angiogenesis: 1) that new tumor vessels develop from previous
ly existing vessels; 2) that endothelial proliferation is common 
in malignant glial tumors; 3) that central necrosis is common 
which he suggested was secondary to vessel obstruction. 
Glioblastoma multiforme has been found to be the most vascu
lar of a group of tumors assessed by Brem.8 

Figure 3 outlines one concept of the "angiogenic cascade". 
Initiation events are those changes in specific endothelial cells 
and their microenvironments which begin the process of angio
genesis before endothelial cell proliferation occurs. Initially 
basement membrane and vessel wall component degradation 
occurs which is felt to represent local proteolysis by endothelial 
cells in response to biochemical and/or biophysical stimuli asso
ciated with the continued growth of the tumor.6 These alter-

Figure 2A. Enhanced CT scan of a single metastatic lesion in the left 
parietal lobe and the region of surrounding hypodensity; tumor-
associated edema. 

Figure 2B. Colour enhancement of the same CT scan showing the 
extent of the tumor-associated edema in the corpus callosum and in 
the white matter of the contralateral hemisphere. 
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ations in the vessel wall allow endothelial cell elongation and 
migration. Endothelial cell proliferation occurs which lengthens 
the new microvessel loop and directional influences are exerted 
which result in closed loops flowing with blood elements. 
Termination events also occur in some specific normal situa
tions such as wound healing and embryogenesis. The role 
played by termination events in the necrosis seen in cerebral 
tumors is not known. 

At the blood brain interface, a dynamic interactive system 
called the blood brain barrier modulates the flux of a wide vari
ety of molecules into brain. The anatomical site of the blood 
brain barrier is the cerebral endothelium. Blood-borne 
molecules cross the vessel wall via three routes: (a) a paracellu-
lar route through spaces in the junctional regions; (b) through 
fenestrae and/or (c) across the cytoplasm via so called vesicular 
transport. Cerebral vessels possessing a blood brain barrier 
appear to restrict the passage of macromolecules by all three of 
these routes. 

The implantation of C6 spheroids into murine brain or mus
cle, clearly very different vascular beds, induced microvessels 
with endothelial cell morphological features which were not 
quantitatively distinguishable.12 These results suggest that irre
spective of the host tissue microvessels in which they are 
grown, C6 astrocytoma tumor cells organize the development 
and the final morphological features of the microvessels which 
vascularize them. Specific endothelial cell morphological 
changes are seen in tumor vessel profiles from the C6 astrocy
toma spheroid implantation model.9 Sixty percent of tumor ves
sel profiles had junctional abnormalities and occasional fenes
trae were seen. Vesicle density profiles were not significantly 

different from that found in normal rat brain microvessels. 
Quantitative studies of microvessel endothelium in glioblastoma 
multiforme have also been carried out and demonstrate large 
endothelial gaps in a small percentage of vessels and interen-
dothelial junctions with enlarged distentions.10 No significant 
alterations in pinocytotic vesicle numbers or arrangements was 
seen and fenestrae were not encountered. These results demon
strate that distinct quantitative morphological differences are 
found differentiating normal rat9 or human cerebral 
endothelium" from endothelium of experimental and human 
malignant glial tumors. Endothelial paracellular routes through 
spaces in the endothelial junctional region may represent the 
morphological equivalent of the large pore allowing increased 
fluid and macromolecular flux through tumor microvessel 
endothelium. 

The leakage of albumin-bound Evans Blue (EB) into grow
ing C6 astrocytoma tumors parallels the development of the 
tumor vasculature.1 There is no detectable leakage prior to ves
sel ingrowth, increasing leakage with increasing size of vascu
larized tumors and significant variability of leakage in large 
necrotic tumors. The increased permeability seen during the 
early stages of C6 astrocytoma growth may be predominantly 
due to protein and fluid flux from new, highly permeable 
microvessels induced by an activated angiogenic process and/or 
from previously normal cerebral capillaries and post-capillary 
venules involved in the initiation events of the angiogenic cas
cade. These mechanisms may also play a prominent role in 
edema associated with the fast growing edge of larger tumors 
and be responsible for the ring enhancement seen in some 
human tumors on computerized tomography scans. 
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Figure 3— The angiogenic cascade showing sites for possible therapeutic modulation. 
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Tumor Permeability Factors 

Two distinct vascular events appear to occur with continued 
C6 astrocytoma growth: 1) the proliferation of new blood ves
sels, "angiogenesis" and 2) the infiltration of tumor cells direct
ly along and/or in the vicinity of established blood vessels in 
peritumoral brain, altering their morphological and functional 
characteristics, "tumor induced vascular modification".1 The 
majority of microvessels are structurally normal in C6 astrocy
toma peritumoral tissue. However, a small percentage of vessels 
associated with tumor cells had endothelial abnormalities.9 In 
glioblastoma multiforme, peritumoral vessels enveloped by a 
layer of tumor cells were abnormal.13 The presence of endothe
lial alterations in human peritumoral vessels not in direct con
tact with tumor cells suggested the action of one or more dif
fusible factors which act at a distance from the major tumor 
mass.13 It has been suggested that the edema associated with 
meningiomas may be related to mediators secreted by menin
gioma cells which increase microvessel permeability.14 A num
ber of tumor cell lines including C6 astrocytoma15 and menin
giomas secrete prostaglandin E2 (PGE2) and thromboxane B2.16 

At least two different diffusible factors capable of increasing 
microvascular permeability have been identified in the super
natant of cultured C6 glioma cells17 and a vascular permeability 
factor, which does not appear to be an eicosanoid, has been par-
tially characterized from cultured human brain tumor 
explants.1819 The action of this human vascular permeability 
factor appears to be inhibited by dexamethasone, but not by 
indomethacin and this mechanism may be one reason for the 
effectiveness of corticosteroids in the management of cerebral 
edema, but not other forms of edema.18'19 The permeability 
increase seen in previously normal peritumor microvessels may 
be dependent on the types and concentrations of a number of 
different diffusible factors. These diffusible factors may be 
responsible for the induction of the distinct endothelial cell mor
phological changes seen in peritumoral tissue.9'13 The role 
played by these permeability increasing factors in altering the 
permeability of the new microvessels associated with angiogen
esis is unknown. The inter-relationship, if any, between these 
permeability factors and those factors responsible for the induc
tion of angiogenesis has not been defined. 

Immunological Mechanisms 

Chiu et al .2 0 found that C6 astrocytoma cells injected 
intracranially into Wistar rats evoked a weakly positive skin test 
reaction to the tumor cells, but did not stimulate cell mediated 
cytotoxicity. No impairment of peripheral blood T-cell numbers, 
responsiveness or subsets were found when a variety of glioma 
patients were compared to controls.21 However, the production 
by glioma cells of immunomodulators such as PGE2 and an 
interleukin- 1-like factor,22-23 along with a suppressor factor 
which inhibits interleukin-2 mediated T-cell activation has been 
reported.24 Lymphokine activated killer cells mediate the killing 
of human glioma cells in vitro25 and this modality is being 
explored as a treatment for malignant glioma; however, signifi
cant cerebral edema has been seen as a complication of thera
py.26 The intravenous administration of interleukin-2 to patients 
with malignant gliomas and to patients with no known cerebral 
disease results in increased tumor-associated edema and brain 
water content, respectively.27 These results suggest that at a tis
sue level the growth of intracerebral tumors may be associated 

with alterations in local immunological mechanisms, some of 
which may induce cellular injury and alter microvascular per
meability. The role played by the immune system in inducing 
permeability alterations is unclear, but it appears to warrant fur
ther investigation. 

Inflammatory Process 

The surgical manipulation necessary for the cerebral implan
tation of a C6 astrocytoma spheroid or cell suspensions is asso
ciated with an inflammatory response. The growth of C6 astro
cytoma spheroids intracerebrally recruits increasing numbers of 
inflammatory cells into the tumor as measured by a specific 
myeloperoxidase assay (Lordo and Del Maestro, unpublished 
results). Immunohistological studies have demonstrated 
macrophage accumulation in and around human tumors associ
ated with edema.28 Inflammatory cells such as polymorphonu
clear leukocytes and macrophages possess impressive arsenals 
consisting of at least four major components.2930 These are the 
release of specific enzymes and other reactive components from 
specialized granules; the release of platelet activating factor 
(PAF);31 the formation of specific arachidonic acid products, the 
eicosanoids, and the generation of superoxide anion radical and 
the resultant family of reactive products.29-30'32 

Enzymes 

Polymorphonuclear leukocytes contain granules of two dis
tinct types: primary granules containing myeloperoxidase, acid 
hydrolases, glycosidases and cationic proteins and specific gran
ules containing alkaline phosphase, lactoferrin and lysozyme. 
Cellular injury leading to permeability increase may be associat
ed with the release of molecular species localized in granules 
from inflammatory cells. 

Platelet Activating Factor 

Platelet activating factor can be released by leukocytes or it 
may already be present in endothelial cells.31 It stimulates the 
aggregation of platelets which in turn release vasoactive sub
stances. In addition, it may trigger neutrophil aggregation, 
degranulation and chemotaxis. In response to some stimuli, it 
may augment the generation of oxygen radicals. 

Eicosanoids 

A number of eicosanoids such as PGEb PGE2 and PGF2 are 
known to increase microvascular permeability in non-neural tis
sues.33 Indomethacin reduces both eicosanoid synthesis and 
microvascular leakage in the hamster cheek pouch model.33 A 
correlation has been observed between increased tissue 
leukotriene C4 and human tumor associated edema. 3 4 

Leukotriene C4 and D4 are known to increase microvascular 
permeability.35 Indomethacin is known to decrease eicosanoid 
synthesis in rat brain36 and has been shown to significantly 
decrease the extravasation of EB in the C6 astrocytoma spheroid 
implantation model.37 Eicosanoids may also play a role in the 
angiogenic cascade and their inhibition by ibuprofen may result 
in decreased tumor growth in the C6 astrocytoma spheroid 
implantation model.38 

Oxygen Derived Free Radicals 

Free radicals are important mediators of tissue injury.29'30 A 
variety of macromolecules which constitute the extracellular 
space, cell membranes and constituent proteins are susceptible 
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to free radical-induced injury. In model systems, the extracellu
lar generation of free radicals results in increased microvascular 
permeability3940-41 and the intravascular generation of free radi
cal species results in similar permeability changes.42 The 
sources of free radicals in inflammation are inflammatory cells 
such as polymorphonuclear leukocytes, macrophages and lym
phocytes,43 eicosanoid metabolism29 and lipid peroxidation 
reactions.22 A potent inhibitor of free radical induced lipid per
oxidation (U74006F)45 modulates both ischemic46-47 and trau
matic injury48 in animal models of central nervous system 
disease. This compound prevented blood brain barrier injury 
after experimental subarachnoid hemorrhage in rats.49 The role 
played by lipid peroxidation in tumor-associated edema is 
unknown; however, the ineffectiveness of U74006F in modulat
ing the permeability increase seen in the C6 astrocytoma model, 
suggests that lipid peroxidation may not play a prominent role in 
this process.50 

Influence of NSAIDs 

The exact mechanisms by which steroid therapy modulates 
tumor-associated edema is unclear and a number of mechanisms 
have been proposed which may contribute to tumor-associated 
edema18-19-37-51 acting on one or more processes just described. 
There is no question, however, that steroids are efficacious in 
reducing tumor-associated edema both experimentally and clini
cally.52 Unfortunately, steroids have not been shown to be effec
tive in human cerebral trauma,53 human cerebral infarction54 or 
human cerebral hemorrhage.55 This information would suggest 
that steroids are not effective in all conditions in which an 
alteration in blood brain barrier permeability is seen. Indeed 
steroids appear to be useful in two specific situations: tumor-
associated edema and cerebral edema associated with infection 
and inflammation (cerebral abscess and bacterial meningitis); so 
called granulocytic brain edema.56-57-58 The effectiveness of 
steroids in these two types of cerebral edema would suggest the 
possibility of some common mechanism(s) operational in both. 
The influence of steroids on inflammatory and/or immune pro
cesses present in infection and during tumor growth may be one 
common thread. 

The prolonged use of high dose, long term steroid therapy is 
associated with profound complications59 and the development 
of alternate methods to modulate tumor-associated edema 
appear warranted. Ibuprofen and indomethacin had been shown 
to be effective in reducing edema associated with intrahepatic 
carcinosarcomas in rats.60 The C6 spheroid implantation model 
has been used to assess the influence of the corticosteroids, dex-
amethasone and methylprednisolone, compared to the NSAIDs, 
indomethacin and ibuprofen (cyclo-oxygenase inhibitors) on the 
extravasation of EB into tumor and peritumoral regions. The 
results using 48-hour treatment suggested that the NSAIDs test
ed in the concentrations used decreased EB extravasation into 
both tumor and peritumoral tissue.37 Other investigators using a 
similar protocol have found clinical improvement and decreased 
water content in the spinal cords of animals with extradural 
tumors which were pretreated with indomethacin.61-62 Long 
term high dose therapy with ibuprofen in the C6 spheroid 
implantation model resulted in a statistically significant 
decrease in intracranial tumor growth.3 8 Weissman and 
Stewart63 using a VX2 rabbit brain tumor model have failed to 
find any influence of indomethacin or meclofenamate on tumor-

associated edema. It would therefore appear that cerebral tumor 
models may respond in a differential manner to NSAIDs possi
bly related to the role that inflammatory and/or immune pro
cesses may be playing at the particular stage of tumor growth 
when treatment occurs. Length of treatment and dose may also 
play a role. In a small clinical trial, ibuprofen improved the 
Karnofsky rating of about 40% of the patients with cerebral 
tumors and tumor-associated edema.64 Patients intolerant of 
steroids or steroid dependent may be subgroups that could bene
fit from being placed on NSAIDs. Further studies are warranted 
before suggesting a role for NSAIDs in the treatment of patients 
with symptomatic tumor-associated edema. 

The mechanism(s) by which ibuprofen may decrease EB 
extravasation in experimental models or improve brain tumor 
patient symptoms are unknown. A number of mechanisms could 
be suggested including (a) modulation of endothelial permeabil
ity of tumor microvessels; (b) modulation of endothelial perme
ability in peritumoral tissue; (c) an influence on inflammatory 
cell mediated permeability or tissue injury; (d) a direct influence 
of eicosanoid inhibition on cell function and (e) alterations in 
flow in tumor or peritumoral tissue secondary to prostaglandin 
inhibition. 

The etiology of tumor-associated edema may be multifactori
al. During the growth of a specific cerebral tumor, a number of 
different mechanisms may be functional which all contribute to 
the amount and type of endothelial cell dysfunction present. A 
number of dynamic biophysical factors such as the type of flow 
in tumor and peritumoral vessels65 and perfusion pressure66-67 in 
these vessels then determine the final amount of tumor-associat
ed edema seen. At various stages of tumor growth, one mecha
nism may predominate and specific tumors may be associated 
with only one particular mechanism for edema formation. The 
effectiveness of any anti-edema therapy may be primarily deter
mined by the ability of that therapy to modulate the underlying 
mechanisms of edema formation in that specific tumor. The 
development of new therapies to modulate human tumor-associ
ated edema will have to be based on the elucidation of the exact 
mechanisms responsible for edema in the wide variety of clini
cal tumors seen. 
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