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Figure 1A. Scheme of evolution of certain elements of the central nervous system serving as key to the 
terminology (after Bailey and Cushing) for neuro-ectodennal tumors. (From: P. Bailey: "Further 
remarks conceming tumours of the glioma group", Bull Johns Hopkins Hosp 40:354. 1927). 
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GENERAL INTRODUCTION 

CLASSIFICATION AND GRADING OF GLIAL TUMORS 

During the end of the nineteenth century it was believed that cancer was the result of 
defective embryogenesis, or more specifically, of the outgrowth of an overshoot of cells 
representative of a particular developmental phase (Cohnheim 1889). Subsequently, the 
morphologic differences of glial neoplasms would be caused by the outgrowth of 
embryologic remnants of various stages in glial development (Ribbert 1907, 1918). 
Because Ribbert did not believe in differentiation or anaplasia of tumor cells, all glial 
tumors would consist of cells with counterparts known from normal embryology. Hence, 
the first classifications of glial tumors were based on the resemblance of the neoplastic 
cells with cells of normal developing glia (Bailey and Cushing 1926, 1930, Penfield 1931, 
Hortega 193!) (Fig. lA and lB). 

Figure 2A. Spongioblastic differentiation. This 
example of spongioblastic differentiation was 
found in a ca._<;e of ependymoma. The tumor cells 
are connected with the endothelial cells by thin 
cytoplasmic proce....-ses (arrows). (hematoxylin
eosin. x150). 

Figure 2B. Astrobiastic differentiation. The 
~astroblastoma~ as separate tumor entity has been 
removed from most modem classifications. In 
some astrocytomas focal flastroblastic differentia
tion fl may be encountered. In contrast to the 
spongioblastic differentiation, plump cell proces
ses (arrows) touch the vessel walls. (hematoxylin
eosin. xl50). 
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Figure lB. "Die Entwicklung der reifen Zellen und ihrer Reifungsstufen aus dem MeduUarrohr mit 
den dazu in Vergleich gesetzten Hirngeschwiilsten". (From: ~die Hirngeschwiilste~. Job. Ambr. Barth, 
1951, Handbuch der Neurocbirurgie. Ed. H. Olivercrona and W. T6nnis. 3. Band: Pathologische Anatomie 
der raumbeengenden intrakraniellen Prozesse. Bearbeitet von K.J. Ziilch and E. Christensen. Springer 
Verlag- Berlin- G6ttingen- Heidelberg, 1956, p. 15). 
The ~pinealoma w of the scheme is dra'Wll as a germ cell tumor, which is frequently found in the pineal 
region. In figure 9 the Htrue pinealoma" is represented. Only two astrocytic variants are shown; the pilocytic 
variant (Figure 4) is represented by (part of) the obsolete entity of HspongioblastomaH (Figure 2C). while the 
gemistocytic variant is missing in the scheme. 
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Figure 2C. Spongioblastoma. The term Mpolar 
spongioblastoma M was used for a tumor with 
elongated cells arranged in parallel rows. The 
term should not be confused with the old term 
~spongioblastoma multiforme", that was later 
changed into -glioblastoma multi forme". and 
used for the small-cell anaplastic glioblastomas. 
In fact, the oe<:;urrence of thin, elongated cells 
within various tumors repeatedly elicited the term 
Mspongioblast-. the cause of much confusion in 
terminology. (hematoxylin-eosin. x60). 
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Based on morphologic differences reveal
ed by impregnation methods of Golgi, 
Bielschowsky, Cajal, and del Rio-Horte
ga, several different tumors of the ner
vous system were described. In old terms 
as "astroblastoma". "polar spongioblasto
ma", and "medulloblastoma", developing 
neuroglial cells are recalled (Fig. 2A, 2B 
and 2C). 
Unfortunately, glial tumor cells were not 
always succesful!y matched with deve
loping glial cells, simply because not all 
embryologic counterparts seemed to 
exist, while also there was confusion 
about the taxonomic order of the various 
developing glial cells. For instance, the 
medulloblast was not identified as a stem 
cell, and it was shown that the unipolar 
spongioblast does not arise from a bipo
lar spongioblast. Furthermore, the stem 
cell of the oligodendrocyte remained 
obscure. Gradual! y the embryogenetic 
theory was overruled by the theory that 
tumors are the result of anaplastic chang
es overtaking a well differentiated tissue 
(Bailey 1927, Roussy 1928, Cox 1932, 
Scherer 1935, 1940). 
Whereas terms presently used for less 
differentiated tumors as "glioblastoma" 
and "medulloblastoma" remind to the 
early embryologic theories, only few 
cerebral tumors have been convincingly 
related to germinal zones of the develop
ing human brain (Globus 1953, Lewis 
1981). 

Scherer is considered as the founder of the modern classification of glial tumors. 
although he never published a new classification. Supported by experimental evidence 
(Deelman 1923) he rejected the embryogenetic principle for the genesis of gliomas 
(Scherer 1933). Now, the tumors were not only characterized by the cytology of the 
individual cells, but by the structure of the tumor tissue as well. Glial neoplasms would 
develop from (end-)differentiated glial cells, showing anaplastic changes. In addition to 
characteristic growth patterns ("primary structures") of cerebral tumors so-called 
"secondary structures" were distinguished, histologic phenomena that were the result of 
tumor growth into the preexistent brain tissue. Reactive mesenchymal proliferation due to 
growth of neoplastic cells in the meninges, or organization of necrotic areas, led to 
formation of "tertiary structures". Influenced by Scherer's view the embryogenetic 
schemes were replaced by new classifications (Table 1, page 32) (Bailey 1927, Carmi-
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chael 1928, Roussy and Oberling 1931, Hortega 1932). In 1949 Kernahan and coworkers 
introduced a new classification based on the phenotypes of normal end-differentiated glial 
cells (Table 2, page 33), They considered the astrocytomas, astroblastomas and glioblas
tomas as variants of the same group. 

nit soon became evident thaJ there is within this twnor-group-complex a 
gradual transition from least malignanr ro most malignanr, throughout 
which the hisrologic fearures of the former can be traced uninrerrupted 
inro the larter. We of course saw the same cells which Bailey and 
Cushing considered ro be astroblast, and the variegeted polymorphic 
cells and the mitotic figures which are said to characterise the glioblas
toma multifonne. However, rather than attempt to relate these various 
cells to certain stages of the deve/opmenr of the cenrra/ nervous system of 
the embryo, we inrerpreted them as anaplastic transformations of normal 
astrocytes, Therefore on the basis of dedif.ferentiarion or anaplasia that 
is, pleomorphism, hyperchromatism and mitotic figures, we believe thai 
these three tumor groups the astrocyroma, astrob/asroma and glioblas
toma multifonne are merely malignant variants of normal astrocyres" 
(Kernahan 1949). 

Many glial tumors consist of mixtures of cells resembling astrocytes, oligodendrocytes 
or ependymal cells. Furthermore, lipidization of tumor cells, myxoid and chondroid 
changes and forming of cellular whorls are phenomena that may complicate characteristic 
histopathological pictures, and may cause difficulties in proper classification (Kepes 
1987). Because of the confusing terminology and the vast variability in histopathology of 
glial tumors, simplification of the nomenclature is still proposed (Armstrong 1990). 

The classification schemes were not designed to provide any prognostic information. 
Scherer had been unable to propose a classification scheme for glial tumors by himself, 
because he realized that besides differences in morphology large differences in biologic 
behavior should be taken into account. Analogous with the practice of grading epithelial 
tumors (Broders 1926), grading of cerebral neoplasms was introduced. Increasing tumor 
grade should parallel more aggressive biologic behavior. Kernahan and Sayre and almost 
simultaneously Ringertz developed grading schemes in order to predict the biologic 
behavior of the gliomas (Table 2) (Kernahan 1952, Ringertz 1950). In a grading 
procedure morphological varieties are ranked according to so-called ''dedifferentiation" 
(lack of differentiation or anaplasia), noticed when a tumor cell is compared with its 
putative non-neoplastic counterpart. To summarize, first the homology in differentiation 
of tumor cells with non-neoplastic cells is established by classifying a tumor. By subse
quent attribution of a malignancy grade, the degree of dissimilarity of the tumor cells with 
the cells they putatively descent is expressed. Prognostic information is implicitly 
provided by the tumor category: for instance, ependymomas behave less malignant than 
astrocytomas, and pilocytic astrocytomas are more benign than any of the other members 
of the astrocytoma group. The tumor grade ranks the relative degree of malignancy within 
the category. As a general rule, gliomas are assigned the malignancy grade of their least 
differentiated parts. 

The value of grading of gliomas has been disputed since glial neoplasms often display 
strongly heterogeneous differentiation in different areas (Globus 1953, Paulus 1989). 
Proper grading (and even proper classification) would only be possible when the entire 
tumor could be investigated, a situation only feasable at autopsy, since surgery seldom 
results in total tumor removal (Scherer 1940, Russell 1977). Particularly grading of mixed 
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gliomas is problematic. Whether grading these tumors should be limited to the predomi
nant cell type, or alternatively, all components should be taken into account, remains 
open for discussion (Hart 1974). 
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About so percent of the glia-derived tumors are glioblastomas 
(Fig. 3A and 3B). In its "primary fonn 11 this tumor is built by small 
spindle-shaped cells (reflected in the old term 11polar spongioblasto
ma") (Fig .. 3A). Primary glioblastomas generally are small, ovoid 
tumors with extensive necrotic areas, appearing without less malignant 
precursors. On the contrary, considerable pleomorphism may be found in 
secondary glioblastomas, which would represent according to some 
authors - the end-stage of various gliomas (Fig .. 3B)-

Figure 3A. Small-cell anaplastic glioblastoma ("pri
mary glioblastoma"). (hematoxylin-eosin, x60) 

Figure 3B. Pleomorphic glioblastoma ("secondary 
glioblastoma"). (hematoxylin-eosin. x60). 

The group of astrocytomas accounts for about 30 percent of the total 
glioma group. Subtypes of astrocytomas, based on cytological differen
ces, are distinguished (Fig. 4). 

Figure 4A. Astrocytoma, pilocytic variant. (hema
toxylin-eosin. xlSO) 

Figure 4B. Astrocytoma, fibrillary variant. (hema
toxylin-eosin. xlSO) 
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OLIGODENDROGLIAL TUMORS 

variants of well-differentialed oligodendrogliomas 

As consequence of the assumed parallelism between normal development and neoplasia, 
speculations on the existence of tumors resembling developing oligodendroglial cells were 
already made by Bailey and Hiller in 1924. A short time later Bailey and Cushing (1929) 
introduced the term "oligodendroglioma" for a tumor with oligodendrocyte-like cells. In 
1929 Bailey and Bucy published the first small series of this neoplasm. Oligodendroglio
mas encompass 2 to 14 percent of primary brain tumors in the subsequent literature. The 
monotonous picture of the classic oligodendroglioma is reflected in the term "oligoden
droglioma isomorphe". Analogous to the description of normal oligodendroglia by Del 
Rio Hortega and Penfield the neoplastic oligodendroglial cells were described as 

"small, with scanry cytoplasm and round nuclei containing abundant 
chromatin. Mitotic figures were very rare. Between the nuclei was a 
delicate fibrillary material which could not be impregnated nor stained 
differentially by any method then at our disposal. When degenerated it 
formed a honeycomb around the nuclei so that the cross section hod 
much the appearance of a section of a woody plam. Scattered astrocytes 
were usually present" (Bailey and Bucy 1929). 

In silver impregnation preparations the oligodendroglial cells were identified by their 
short processes. 

In the routine hematoxylin and eosin staining, the classical oligodendrogioma shows a 
monotonous architecture of cells with a perinuclear halo, caused by (delayed) fixation. 
The typical honey-comb structure arises when the cells with their perinuclear halos are 
packed closely together (Fig. 12). 
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Figure 12. Tbe c:i:lSSicai picture of the oligodendroglioma. The classical 
Mhoneycomb" structure is due to the perinucl~r halos. caused by shrinkage of the 
cytoplasm during fixation. (hematoxylin-eosin, x150). 

Cell borders are 
clearly visible 
between the op
tically empty 
cytoplasmatic 
spaces. Charac
teristic arcuate 
capillaries are 
found between 
the patternless 
sheets of neo
plastic oligoden
drocytes. Calco
spherites may 
be encountered, 
and may be a 
diagnostic clue 
in less typical 
oligodendroglio
mas, since they 
occur less fre-
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The pilocytic astrocytoma (Fig. 4A) is not only characterized by its 
cellular constituents, but by its infratentorial localization as well. 
Whereas the fibrillary, protoplasmic and gemistocytic astrocytomas 
(Fig. 4B, 4C, 4D) do not differ too much in clinical behavior, the 
pilocytic variant matches a much better prognosis. 

<II 

Figure 4C. Astrocytoma, protoplasmic variant. 
(hematoxylin-eosin, xl50) 

Figure 5. Oligodendro~lioma. (hematoxylin-eosin. 
x150). 

Figure 4D. Astrocytoma, gemistocytic variant. 
(hematoxylin-eosin, xl50) 

The oligodendrogliomas (Fig. 
5) are relatively uncommon neo
plasms, accounting for 2% to 14% 
of intracranial gliomas. In most 
schemes the ependymomas (Fig. 6) 
were recognized as separate 
group. About the histogenesis of 
these tumors much debate exist
ed. The ependymal spongioblast 
(Fig. 2A) would be closer in 
structure to the astrocytic se
ries than to the adult ependyma 
(Cox 1932, Willis 1948). The 
choroid plexus papilloma (Fig. 
7) often is indistinguishable 
from normal choroid plexus tis
sue. A congenital origin of this 
highly differentiated tumoris 
suggestive, although it is not 
exclusively a tumor of child
hood. 

The medulloblastoma (Fig. 8) is a tumor of the cerebellum that is 
mainly found in children. It is considered as a true embryonal tumor 
with naked hyperchromatic nuclei with a tendency to form rosettes. 
This tumor is closely related with the group of the socalled primitive 
neuroectodermal tumors PNET) . 
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quently in astrocytomas or ependymomas. When invading cortical gray matter, neoplastic 
oligodendroglia was often seen crowded around neurons, a phenomenon termed "perineu
ronal satellitosis" (Fig. 13). 

Subpial infiltra
tion and tumor 
progression 
along the surfa
ce of the brain 
are other cha
racteristics of 
oligodendroglio
mas. 

Figure 13. Perineuronal satell~tosis. Cortical neurons are surrounded by 
neoplastic oligodendrocytes. (hematoxylin-eosin, x150). 

Several vari
ants of the 
classical picture 
are met. Muci
nous material 
may be found 
within or 
between the 
neoplastic cells, 
commonly 

Figure 14. Signet ring cells. The nucleus of these 
cells is peripherally displaced, due to the balloon
ed cytoplasm filled with mucoid material. (hema
toxylin-eosin, x380). 

interpreted as degeneration. Sometimes so 
called "signet-ring cells" are found in 
clusters, often in combination with 
mucoid degeneration (Burger 1982, 
Rubinstein 1989) (Fig. 14). Signet ring 
cells were described since long in oligo
dendrogliomas, and they were defined by 
Burger as 

·Cells with nuclei that were similar 
in shape and conformation to adja
cent neoplastic oligodendroglia and 
had perinuclear halos, but in which 
prominent eosirwphilic cytoplasm 
could be seen. 1his usWll.ly was an 
eccentrically placed, hyalin mass, 
but sometimes displayed a distinct 
fibrillarity" (Burger 1987). 

The origin of signet-ring cells remains obscure. Another variant oligodendroglioma is 
entirely or partly composed of eosinophilic granular cells (Escalona-Zapata 1981) 
(Fig. 15). It was shown by electron microscopy that the cytoplasm of these granular cells 



Figure 6. Ependymoma. (hematoxylin-eosin, x60}. 
The epithelial properties are witnessed in perivascular 
pseudorosettes Ckemfreie HOfe") and clefts rEpeo
dymschHiuche"). 
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Figure 7. Choroid ple.xus papilloma. (hematoxylin
eosin. x60). 

Sometimes differen·tiation is encountered in tumors of this group. The 
pineoblastoma is a highly cellular variant of the pineocytoma consist
ing of primitive cells that closely resemble the medulloblastoma. The 
(true) pineocytoma (or pinealoma) (Fig. 9) consists of primitive 
undifferentiated cells, and should also be considered as embryonal 
tumor, although it is largely a neoplasm of adolescence and adulthood. 

Figure 8. Medulloblastoma. (hematoxylin-eosin. x60}. 
Rosettes (Homer Wright rosettes} are specific but not 
often seen. 

Figure 9. Pineocytoma. The "true pineocytoma" or 
"pinealo=" is built by small cells arranged in strands 
arou.."'ld acellular zones of fibrillarity. The tumor that 
w::1s drawn in Figure lB probably represents a germino
ma of the pineal region. (hematoxylin-eoxin. x150). 
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is filled with membrane-bound autophagocytic vacuoles (Takei 1976). Sometimes parts of 
oligodendrogliomas consist of fusiform cells. With respect to histoarchitecture, cellular 
arrangement in parallel rows, mimicking the pattern of the "polar spongioblastoma" may 
be seen in rare cases (Fig. 16). Occasionally, the presence of perivascular pseudorosettes 
in an oligodendroglioma may cause confusion with ependymoma (Fig. 17; compare 
Fig_ 6). 

Figure 15. Eosinophilic granular cells. Voluptuous eosinophitic cytoplasm is seen at 
one side of the nucleus. The nuclei are not flattened. The cytoplasm is filled with 
autophagocytic vacuoles. (hematoxylin-eosin, xlSO) 

Figure 16. Oligodendroglioma mimicking a polar spong-ioblastoma. In this oligoden
droglia! variant the tumor cells show a palissading pattern analogous to the growth 
pattern seen in polar spongioblastoma (Figure 2C). (hematoxylin-eosin. x60). 
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The intracranial schwannoma 
sory nerves, the acoustic nerve 
from the cells of Schwann. 

(Fig. 10) has a predilection for sen
in particular. It is believed to arise 

For the diagnosis of the 
plastic neuronal cells are 
from non-neoplastic ganglion 
characteristics. 

rare ganglion cell tumors (Fig. 11) nee
required. These cells are distinguished 
cells by their distribution and cytologic 

if.~~~(~,. 
,:_ 
r' 

Figure 10. Schwannoma (neurilemmoma, neurino
ma). The ~unipolar spongioblastoma" was described as 
"neurinome centrale" by Josephy (1924), because the 
elongated cells resemble the cells of Schwann. Roussy 
and Oberling believed that it was composed of oligo
dendroglia! elements (Roussy 1931). In fact. many 
tumors indicated by "spongioblastoma" were pilocytic 
astrocytomas. (Figure 4A) (hematoxylin-eosin. x150). 

Figure 11. Ganglion cell twnor. The neoplastic 
ganglion cells (arrowheads) lack polarity, are some
times binucleated, and vary in shape and size. (hema
toxylin-eosin, xlSO). 
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Figure 17. Perivascular pseudo rosettes in an oligodendroglioma. Illustrative for the 
overlap in histologic configuration between different glial tumors. (hematoxylin-eosin, 
x!SO). 

Anaplastic and polymorphous oligodendrogliomas 

The existence of anaplastic oligodendroglia! tumors was ignored in the earliest reports, 
because the developmental scheme of normal glial cells that was used by Bailey and 
Cushing did not include a glial precursor cell positioned between the medulloblast and the 
oligodendrocyte (Bailey and Cushing 1926). 

Figure 18. Anaplastic oligodendroglioma. High cellularity, prominent nuclear 
pleomorphism, high mitotic rate. presence of necrosis, and va..<:CUlar and endothelial 
proliferation are required for an anaplastic oligodendroglioma. (hematoxylin-eosin, x60) 
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Hence, less differentiated oligodendrogliomas were not described. Nevertheless, anaplas
tic gliomas with oligodendroglial traits were encountered (Fig. 18). Frustrated by the low 
discriminating power of his grading system in oligodendrogliomas, Kernahan simply 
divided this neoplasm into two subgroups (Kernohan 1938, 1949), Zulch distinguished the 
classic oligodendrogliomas, the mixed oligo-astrocytomas and the anaplastic (malignant) 
oligodendrogliomas (Zulch 1968), The anaplastic oligodendrogliomas characteristically 
had areas of anaplasia, When an entire tumor had been transformed into a highly 
anaplastic glioma the distinction with the glioblastoma (especially the microcellular form) 
was hardly possible. Anaplastic oligodendrogliomas, however, should be intermediate 
between the better differentiated variant and the glioblastoma with respect to the survival 
of the patients (ZUlch and Wechsler 1968, Schuier 1976), 

According to Rubinstein the term "anaplastic oligodendroglioma" should be reserved 
for a rapidly growing, highly cellular and poorly differentiated oligodendroglioma, with 
high mitotic rate and presence of necrosis (Rubinstein 1989). In the meantime, mitotic 
count and necrosis are identified as the most useful prognosticators in oligodendrogliomas 
indeed (Burger 1987), Scherer's distinction of primary and secondary glioblastomas, the 
latter represented by anaplastic oligodendroglia! tumors, was quoted by Rubinstein: 

"In the case of a highly cellular and poorly differentiated round-cell 
glioblastoma, an oligodendroglia/ origin may be hard to establish, but 
when in such a tumour many microscopic fields are present that closely 
resemble those of an oligodendroglioma it becomes entirely reasonable ro 
assume that the glioblastoma has arisen in a pre-existing oligodendrogli
oma or, more precisely, that the resulting picture of cellular density and 
anaplasia represents the development of rapidly proliferating clonogenic 
subpopulations within an oligodendroglioma" (Rubinstein 1989), 

Figure 19. Polymorphous oligodendroglioma. Characteristic for a polymorphous 
oligodendroglioma is the presence of large, multinucleated giant cells dispersed within a 
monotonous oligodendroglia! ground structure (hematoxylin-eosin. x60) 
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Mechanisms of selection of aggressive subpopulations are believed to result in a rapid 
deterioration of clinical course, following a long period of slow progression (Schmitt 
1983). 

The tenn "polymorphous oligodendroglioma" is reserved for an oligodendroglial tumor 
in which uni- or multinucleated giant cells are seen interspersed with typical oligodendro
glial cells (Fig. 19). This unusual variant forms a subgroup of the anaplastic or malignant 
oligodendrogliomas according to Ziilch (Ziilch 1979). The polymorphous oligodendroglio
ma is, although undoubtedly genuine, only exceptionally seen (Rubinstein 1989). 
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~COPATHOLOGICAL FIDNDINGS 

age and gender 

Most cases of oligodendroglioma are diagnosed at ages varying from 35 to 45 years 
(M0rk 1985, Ludwig 1986, Earnest 1950, Chin 1980, Horrax 1954). In our own studies 
on two separate patient series, viz. those of the University Hospitals of Amsterdam and 
Rotterdam, we indeed found peaks around the age of 35, but also a second peak around 
the age of 55. Chin et a!. reported an additional peak between 6 and 12 years (Chin 
1980). In our two studies this childhood peak was represented by only two and five 
patients, respectively. A predominant occurrence of the oligodendroglioma in males was 
almost invariably found in previous studies (Bailey and Bucy 1929, Shenkin 1947, 
Reymond 1950, Earnest 1950, Horrax 1954, Roberts 1966, Mansuy 1967, Weir 1968, 
Chin 1980, M0rk 1985). There is no explanation for a possible sex predominance. 

site 

A predilection for the frontal lobes was reported in most larger studies on oligodendro
gliomas. The first reference of tumor site influencing prognosis was made by Martin 
in 1931, who noted a shorter survival in patients with medially located tumors compared 
with tumors that were located laterally (Martin 1931). Two years later Greenfield and 
Robertson studied five cases and did not mention localization as a relevant factor for 
prognosis; they pointed to the fact that medially located tumors may block the exit of 
cerebrospinal fluid, but not necessarily do so (Greenfield 1933). Although localization has 
been related to symptomatology (Chin 1980), the relation between localization and his
topathological picture has not been subject to previous research. 

therapeutic modalities 

Surgery 

Oligodendrogliomas were characterized clinically by Bailey and Bucy as 
"slow-growing with the appearance of encapsulation, and unless they 
happen to produce focal and irritative lesions they may attain a large 
size before they make their presence known - so large a size that their 
removal is well nigh impossible" (Bailey and Bucy 1929). 

According to Horrax the benign character of a brain tumor was defined by the possibility 
for radical removal (Horrax 1954). Of course most oligodendrogliomas - low grade cases 
included - could not be operated radically and consequently they should be considered 
malignant tumors. Although Elvidge noted a dicrepancy between the long duration of 
preoperative period and the short postoperative survival of many patients suffering from 
oligodendroglioma (Eividge 1937), the conclusion that surgery would stimulate the tumor 
growth was by no means proven (Weir 1968). Obviously, complete removals (read: 
removals as radical as possible) yielded favorable survival rates (Earnest 1950, Reymond 
1950). Nevertheless, high recurrence rates after surgery that was supposed to be radical 
were reported as well (Roberts 1966, Neumann 1978, Chin 1980, Sun 1988). 
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Radiation therapy 

The success of radiation therapy in glial tumors has been generally disappointing, 
because of the relatively radioresistancy of these neoplasms, and the limited radiation 
tolerance of the surrounding brain tissue (Brada 1989). The unacceptability of permanent 
neurological deficit makes it impossible to irradiate brain tissue beyond radiation 
tolerance. 

A randomized clinical trial evaluating radiation therapy for oligodendrogliomas has 
never been executed untill now. While some authors reported beneficial effects of 
radiation (Sheline 1977, Chin 1980, Leibel 1987, Lindegaard !987), others disputed 
usefulness of additional radiation therapy (Bouchard 1960, Neumann 1978, Afra 1978, 
Reedy 1983, Bullard 1987). All studies mentioned have been retrospective and non
controlled. In our own clinicopathological studies (papers 1, 2, 3, 5) about half of the 
patient group had been treated with radiation therapy. Since the latter patient series 
extends over periods of about two decennia, different radiation dosages and modes of 
application had been used. Therefore, a conclusion about the possible effect of radiation 
therapy on the time of tumor recurrence is by no means justified. 

More accurate delineation of tumor localization and subsequent more effective local 
irradiation may yield more satisfying therapeutic results in patients with circumscript 
gliomas. It is expected that the results of radiation therapy in the oligodendroglioma will 
improve because this tumor is often circumscript and seldom appears multifocal, 
circumstances that would make this glioma suitable for more accurate delivery of 
interstitial or external beam radiotherapy (Hochberg 1980, Lyman !985, Halperin !988). 
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INTRODUCTION TO THE PAPERS 

BIOLOGICAL BEHAVIOR OF OLIGODENDROGLIOMAS 

Controversial opinions with respect to the biological behavior of the oligodendroglioma 
exist. Traditionally, the oligodendroglioma was considered. as a slowly growing, more 
"benign" glioma, with better survival than most tumors of the astrocytic group. The 
capricious biological behavior of oligodendrogliomas yielded many case reports of 
patients with a favorable clinical course (Freeman 1962, Solitare 1967, Aebi 1978). 
However, with the increasing number of reports on larger series this opinion has been 
changed, and the notion of the oligodendroglioma being a relative benign tumor is by no 
means justified. 

In early studies disproportionally short postoperative survival, compared to the long 
preoperative period, was reported (Elvidge 1938, Shenkin 1947), and no correlation 
between these two time intervals could be shown (Reymond and Ringertz 1950). 
Straightforward malignancy, i.e. short preoperative as well as postoperative periods, was 
also reported (Martin 1931, Eisenhardt 1937, Beck and Russel 1942, Blumenfeld 1945). 
Although rarely found outside the cerebral hemispheres, in many case reports malignant 
behavior as reflected in arachnoidal seeding and even hematogenous metastasis of 
oligodendrogliomas was described (Beck 1942, Blumenfeld 1945, Po1meteer 1947, 
Shenkin 1947, James 1951, Berkheiser 1956, Korein 1957, Best 1963, Daum 1963, 
Spataro 1967, Minauf 1968, Jellinger 1969, Kernahan 1971, Voldby 1974, Kummer 
1977, Fortuna 1980, Macdonald 1989). Surprisingly, in most cases of oligodendroglioma 
with metastases the tumors showed a wen-differentiated histological appearance: the 
potency of metastatic behavior seems to have no relationship with the histopathological 
appearance. Thus, when a tumor is classified as isomorphous oligodendroglioma the 
possibility of malignant behavior is not ruled out. 

The lack of metastatic propensity and the absence of regional lymph nodes in the brain 
have invalidated staging procedures in glial tumors. Reports on the relation between 
tumor size and clinical course are scarce with respect to gliomas (Norman 1976, 
Pay 1976, Lunsford 1985). Data on the prognostic impact of tumor size of oligodendro
gliomas in particular are entirely absent. Therefore, in the series of oligodendroglioma 
patients of the University Hospital of Rotterdam the tumor volume was calculated from 
available CT-scans. The tumor volume was correlated with the histopathology and grade 
as well as with the survival time. Since removal of a substantial amount of tumor tissue 
may influence recurrence, the patients who had undergone only a stereotactic biopsy were 
evaluated separately. The results of this retrospective investigation are described in 
paper 1. 
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GRADING OF THE OLIGODENDROGLIOMAS 

In the astrocytomas, the ependymomas and the neuro-astrocytomas, Kernahan distin
guished four degrees of malignancy (Table 2) (Kernahan 1949). Whereas his grading 
system for the gliomas yielded satisfying results in astrocytomas, the scheme was without 
success wiL'l respect to the oligodendrogliomas. Relatively small series might have been 
responsible for the bad grading results. Because of this poor prognostic impact, Kernahan 
made a rough division into the oligodendrogliomas or oligodendrocytomas, and the 
oligodendroblastomas or juvenile oligodendrogliomas. The cells of oligodendroblastomas 
characteristically had larger nuclei and more cytoplasm, and showed a higher mitotic 
index (Kernohan 1938). The distinction between the two groups remained, however, 
vague. ZUlch also distinguished basically two groups of oligodendroglioma with regard to 
biological behaviour: the oligodendroglioma isomorphe with "semibenign" behavior, and 
the "semimalignant" oligodendroglioma polymorphe. In an early series no group of 
intermediate malignancy was distinguished (Davis 1950). Later a third intermediate group 
was recognized, termed "oligodendroglioblastomas" by Kernahan (Kernahan 1952). 

Ringertz introduced a three-step grading system for gliomas based on pleomorphism, 
cellularity, mitoses, vascularity, proliferation of vessel walls, infiltration zones, and 
necrosis (Ringertz 1950). Grade 1 was composed of astrocytomas, oligodendrogliomas 
and ependymomas in their classical form, followed by an intermediate grade with cellular 
polymorphism and high mitotic count. The glioblastoma formed a common third grade of 
malignancy for all three tumor types. The scheme was tested on more than 300 cases of 
astrocytoma, oligodendroglioma and ependymoma. Only between the grades 1 and 2 a 
significant difference in survival was found (Ringertz 1950). 

Other grading schemes suffered from inaccuracy in definition of the respective grades, 
and hence remained without acclaim (Horrax 1951, Afra 1978). Neumann developed a 
grading system for oligodendrogliomas in which the grades were descriptively defined. 
Third grade tumors should still be very well recognizable as oligodendrogliomas, and 
were considered not to represent glioblastomas with focal oligodendroglia! differentiation 
(Neumann 1978). The system was tested on 99 cases of oligodendroglioma and the 
authors claimed a good correlation between grades and clinical courses. Unfortunately, 
figures to substantiate this success are not found in Neumann's report. 

It would take until 1983 before a new grading scheme for oligodendrogliomas was 
presented by Smith and coworkers (Smith 1983). This grading system consisted of only 
five histopathological features, which all had already been used in earlier schemes. These 
particular features were aclmowledged because they were "easily recognizahle" and were 
"among the basic characteristics of malignancy" (Smith !983). Mitotic count was not 
included in the grading system because of "anecdotal experience" and "the poor correla
tion of this feature with other indicators of malignancy". A novelty of the scheme was the 
way of scoring the features in a simple on-off way. While endothelial proliferation and 
necrosis were rated present or absent, the features maximal nuclear/cytoplasmic ratio, 
maximal cell density, and pleomorphism were either high or low, according to the 
predominant appearance in the sample. Subsequently, four grades of malignancy were 
defined. The lowest grade was attributed if all features were judged absent or low, the 
highest grade if all were present or high. Whereas grade C was exactly defined, several 
histopathologic pictures fitted within grade B. The system of Smith promised reduction of 
the inter-observer error because of its simplicity. Its practical use was tested in large 
group of oligodendrogliomas, correlating the grading results with survival of the patients. 
The grading results were compared. with the results of conventional grading according to 
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Kemohan. This retrospective study is reported in paper 2. 
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BISTOPATIIOWGICAL FilATURES AND PROGNOSIS 

Essential differences between tumors of the central nervous system and tumors of other 
organs exist. A histopathologically benign tumor located within the cranium can kill the 
patient simply because of expansion. Whereas most gliomas lack well-defined margins, 
and infiltration in the leptomeninges is frequently seen, these features not necessarily 
indicate less favorable prognosis (Rubinstein 1972, Gilles 1977, Hedley-Whyte 1978, 
Burger 1982). In fact, infiltration in surrounding brain tissue is an invariable finding in 
glial tumors. On the contrary, metastatic behavior, a feature that is always associated with 
malignancy in epithelial tumors, is only exceptionally encountered in gliomas. Never
theless, most histopathological features that are associated with malignancy in non-glial 
tumors are ominous features in glial tumors as well. Due to tumor sampling and tumor 
heterogeneity not all variables related to malignancy will always be present in the same 
specimen, particularly in the small biopsies obtained by stereotactic surgery (Kleihues 
1984, Scerrati 1987, Paulus 1989). Moreover, histopathological features are not entirely 
specific for a given grade; for instance, necrosis is always found in tumors of the highest 
grade, but may be found in tumors of lower malignancy grades as well (paper 2). 

Histopathological features which are undoubtedly ominous for prognosis in astrocytic 
tumors do not always have the same impact in the oligodendrogliomas (Rubinstein 1989). 
In the last decade various investigators have searched for histopathological features, either 
individually or clustered, with prognostic significance for oligodendroglioma. In the 
largest study, consisting of 323 cases of the Armed Forces Institute of Pathology (AFIP), 
only cellular pleomorphism was identified as significant factor in prognosis (Smith 1981, 
Ludwig 1986). Pleomorphism in terms of variability in cellular as well as nuclear size 
and shape, was simply scored as present or absent. In the relatively small study of 
Wilkinson nuclear pleomorphism was also found correlating significantly with the clinical 
course (Wilkinson 1987). Surprizingly, in the second large survey in the literature, 
concerning the Norwegian population, pleomorphism was not among the features with 
independent significance for prognosis (M<:Irk 1986). As result of this study, presence of 
necrosis and high cellularity correlated with shorter survival, while the presence of 
microcysts had a favorable influence. Using univariate analysis in a study of the patients 
of the Neurosurgical Department of the University Hospital of the Duke University, the 
presence of necrosis, nuclear atypia, vascular proliferation and vascular hypertrophy as 
well as the mitotic count were found to be significant factors (Burger 1987). In a stepwise 
regression analysis only the mitotic count and the presence of necrosis retained signifi
cance, while almost all features showed inter-dependency. Necrosis was the only feature 
with independent significance. Necrosis was identified as the most important prognostic 
feature in astrocytomas (Nelson 1983). 

Although in the first description of oligodendrogliomas mitoses seemed to be rarely 
encountered (Bailey and Cushing 1926), in later series mitoses were commonly seen 
(Eividge 1937, Reymond 1950, Earnest 1950, Horrax 1951, Roberts 1966, Rousta 1972, 
Smith 1983, M<:\rk 1985). Nevertheless, only in one recent study mitotic count was 
identified as an independent factor influencing the survival (Burger 1987). 

proliferation markers and DNA-flow cytometry 

Although counting of mitoses is still honoured as the oldest, easiest, fastest and 
cheapest way of assessing proliferation (Montironi 1988), differences in growth rate 
nowadays can be studied also by visualization of proliferation associated proteins as Ki-67 
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(Gerdes 1985), and proliferating cell nuclear antigen (PCNA) by using of monoclonal 
antibodies (Delta 1990). Alternatively, incorporation into DNA during S-phase of 
Bromodeoxyuridine or 3H-thymidine visualized by immunohistochemistry and autoradio
graphy respectively, yield parameters for proliferation. In addition, the S-phase fraction in 
samples used for DNA-flow cytometry is used to estimate proliferation of the cell 
population. Whereas the incorporation techniques are done in short-term tissue culture, 
and immunohistochemical detection of Ki-67 is performed on fresh frozen samples, 
techniques detecting PCNA, and DNA-flow cytometry can be applied to formalin-fixed 
and paraffin-embedded material. Therefore, DNA-flow cytometry is feasible for retro
spective studies. 

From a clinico-pathological point of view, the investigation of differences in prolifera
tion between various brain tumors, say, meningioma versus glioma, or glioma versus 
ependymoma (Burger 1986, Giangaspero 1987), seems to be redundant, since differences 
in the clinical course are well-known from histopathology. Nevertheless, it was claimed 
that 

"Measuring the proliferative potential of iruiividual gliomas is essential 
because histopathologically similar tumors may show large differences in 
labeling. Measuring proliferative potential of iruiividual gliomas is 
crucial for accurate prognostic predictions" (Hoshino 1972, 1979, 1985, 
1986, 1989). 

It was suggested that differences in labeling index can be used to separate tumors of 
astrocytic lineage in an objective way, since this distinction is not always possible in 
small biopsies used for histology (Raghavan 1990). 

Scepticism about conclusions drawn from proliferation indices in biopsy material is still 
warranted. In 38 astrocytic tumors no correlation between labeling index for 3H-thymidine 
and survival was found (Bookwalter 1986). An explanation was sought in theoretical 
determinants of tumor behavior, i.e. altered ability for growth arrest and differentiation, 
constantly evolving mutant sub lines, genetic instability, and ever-changing metabolic and 
vascular environment. Sometimes correlations between labeling indices and presence of 
histopathological features were made (Germano 1989). Since different brain tumors were 
used in these studies, the results should be carefully interpreted. A good correlation 
between Ki-67 labeling and mitotic index in gliomas of different malignancy grades was 
reported by SchrOder (Schroder 1991). 

Examining differences in proliferation between tumors of the same histopathological 
category could have value in particular when grading results are insufficient. Thymidine 
and bromodeoxyuridine incorporation studies should be performed on prospectively 
collected material. The application of Ki-67 immunostaining requires freshly frozen tumor 
specimens. Hence, gathering a substantial group of relatively uncommon tumors as 
oligodendrogliomas would take considerable time. An attractive option in order to obtain 
a global impression of the proliferative behavior of cell populations is an estimation of the 
S-phase fraction by DNA-flow cytometry on archival paraffin-embedded tumor material. 

In several non-cerebral tumor categories the ploidy of the tumor cells correlated nicely 
with tumor progression (Aardal 1979, Costa 1981, Barlogie 1982, Raber 1982, Wolley 
1982). In studies on the proliferation rate of brain tumors oligodendrogliomas were only 
sporadically included. Since flow cytometry can be done on paraffin-embedded tumor 
material, we were able to study its prognostic value in a retrospective study concerning 
85 cases of oligodendroglioma (paper 3). 
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THE PROBLEM OF THE MIXED GLIAL TUMORS 

As early as in the first report on oligodendroglia! tumors intermingled astrocytic cells 
were noticed (Bailey and Bucy 1929). For tumors composed either of oligodendroglia! 
cells with foci of astrocyte-like cells, or astrocytomas with oligodendroglia! parts, the 
term "oligo-astrocytoma" was proposed (Cooper 1935, De Buscher 1942). The occurrence 
of gliomas consisting of cells with various morphology was explained by the "field 
theories" based on results of early experimental oncology (Berenblum 1947, Willis 1948): 
the carcinogenic stimulus affects the various cell types within a preexisting tissue, 
resulting in different phenotypes of the tumor cells. To the opinion of Willis (1948) most 
gliomas were mixed gliomas, while pure astrocytomas or oligodendrogliomas were an 
exceptional finding. Rubinstein defined mixed gliomas as tumors 

"with a diversity in cell population which cannot reasonably be explained 
by a process of anaplastic degradation of the more differentiated gliai 
element. The supervention of anaplasia in a glioma with an originally 
mixed cell population results in a fi<nher blurring of the neat boundaries 
of taxonomic conventions" (Rubinstein 1964). 

The eventual dedifferentiation and subsequent malignant behavior of mixed oligo
astrocytomas would be mainly a sequel of loss of differentiation of the astrocytic 
component (Wislawski 1970, Rubinstein 1989). Hart divided mixed gliomas into a 
compact and a diffuse subtype, depending on the arrangement of the astrocytic, oligoden
droglia! and eventual ependymal component, but these subtypes remained without 
practical significance (Hart 1974). 

Originally the term "transitional cells" was used for cells with an astrocytic morpholo
gy in oligodendrogliomas and mixed oligo-astrocytomas. Following the introduction of 
immunohistochemistry, positivity for glial fibrillary acidic protein (GFAP) became the 
new criterion for astrocytic lineage. The putative transformation of normal developing as 
well as neoplastic oligodendroglia! into astrocytic cells was suggested in various schemes 
(Penfield 1924, Ravens 1955, Herpers 1984) (Fig. 20 and 21). The potential of different
iation into astrocytic or oligodendroglia! cells of non-neoplastic glial precursor cells was 
shown in vitro (Raff 1983). Furthermore, recently the astrocytes in mixed oligo-astrocyto
mas have been found to express an oligodendroglia-specific surface marker (Bishop 
1989), suggestive for "oligodendroglia! lineage" of these neoplastic astrocytes. 

A problem in the study of oligodendrogliomas is the acceptable proportion of intersper
sed cells with astrocytic properties. While M0rk as well as Burger reject oligodendroglio
mas with more than 25% astrocytes, Smith accepts up to 49% of astrocytic elements, 
although 85% of his cases remained below 14% astrocytes (M0rk 1986, Smith 1983, 
Burger 1987). It was suggested that the presence of astrocytic differentiation in oligoden
drogliomas is associated with shorter survival, and when malignancy ensues this would be 
mainly due to the anaplasia of the astrocytic component (Wislawski 1970, Miiller 1977, 
Barnard 1968, Rubinstein 1989). 
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Figure 20. Hypothetical transformation of glial cells. The putative conversion of an 
oligodendrocyte into an astrocyte is indicated with a questionmark. (From: ftCytology & 
Cellular Pathology of the nervous Systemft. Vol. 2, page 450, Ed. Wilder Penfield. 
Hafner Publishing Company, New York, 1965). 
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Figure 21. Hypothetical transformation of an oligodendroglioma into an astrocytoma. (From: 
M.J.H.M. Herpers and H. Budka: "Glial fibrillary acidic protein (GFAP) in oligodendroglia! tumors: 
Gliofibrillary oligodendroglioma and transitional oligoastrocytoma as subtypes of oligodendroglioma". Acta 
Neuropathol (Berl.) 64:265-272, 1984, with permission). 
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IMMUNOHISTOCHEMISTRY IN OLIGODENDROGUAL TUMORS 

glial fibnlfluy acidic protein and transitional cell types 

Because the anti-GFAP-antibody, raised against 9 nm intermediate filaments of 
astrocytes (Eng 1971), was found to be strongly and specifically reactive in astrocytic 
neoplasms, GFAP soon became established as a marker for (neoplastic) astroglial cells. 
Now, in addition to the demonstration of cell processes in routine stains, astrocytic 
differentiation was defined by immunohistochemical demonstration of glial filaments. 
Anti-GFAP antibody could be used for assessing the extent of the astrocytic population in 
mixed oligo-astrocytomas (Nakagawa 1986). Concerning gliomas, a correlation between 
tumor grade and GF AP-content was suggested in several - but not all - studies on 
astrocytic neoplasms (VanderMeulen 1978, Jacque 1979, Delpech 1980, Velasco 1980, 
Duffy 1980, Tascos 1982, Kunz 1986, Nakopoulou 1990). In a few mixed oligo-astrocy
tomas the astrocytic cells reacted strongly, while the oligodendroglial elements remained 
unstained. 

Surprisingly, in some oligodendrogliomas also typical oligodendroglia! cells and cells 
with the morphology of small gemistocytes (minigemistocytes) showed reactivity with 
anti-GFAP. The minigemistocytes- considered as astrocytic cells, and noted since long in 
oligodendrogliomas (Penfield 1931, Zulch 1968, Gluszcz 1972) - resembled the well
known classic gemistocytes, which were seen as third GF AP-positive cell type in 
oligodendroglia! tumors. Differentiation between an oligodendroglioma with minigemisto
cytes and a gemistocytic astrocytoma may be difficult, particularly in small (stereotactic) 
biopsies (Rubinstein 1989). Some authors recommended silver impregnation techniques 
for their distinction (Escalona-Zapata 1981). The immunohistochemical and ultrastructural 
idiosyncrasies of minigemistocytes and classic gemistocytes are described in paper 4. 

The GF AP-positive oligodendroglia! cells were called "gliofibrillary oligodendrocytes 
(GFOC)" (Herpers 1984). As a sequel of the identification of GFAP positive cells with 
oligodendroglia! phenotypes, the old concept of transitional cell types revived (Meneses 
1982, Herpers 1984, Liao 1984, Ishida 1989). The term "transitional cell types" was 
originally used exclusively for the minigemistocytes, but now it was used for GFOCs as 
well. While in some studies the finding of GFAP in oligodendroglia! cells was reproduced 
(Hamaya 1985), in other studies GFAP was only found in astrocytic elements and never 
in cells with oligodendroglia! morphology (Eng 1978, Velasco 1980, Tascos 1982). These 
contradictory results are simply explained by the fact that GFAP-positive oligodendroglia! 
cells are not always present in oligodendroglia! tumors. Wilkinson studied the occurrence 
and arrangement of the GFAP-positive cells in oligodendrogliomas more specifically 
(Wilkinson 1987). Different patterns of distribution of these cells within the oligodendro
glia! tumors were discerned. No data concerning the influence of the transitional cells on 
the biological behavior of the oligodendrogliomas in which they occur were known yet. A 
possible difference in biological behavior between oligodendrogliomas with and without 
transitional cells was studied in paper 5. 

other markers 

In addition to immunoreactivity for GF AP antibodies some reports on reactivity with 
oligodendroglia! tumor cells other immunohistochemical markers have been made. The 
myelin-associated glycoprotein (MAG) was claimed to be a selective marker for neoplas
tic oligodendroglia! cells, corresponding with their degree of anaplasia (Szymas 1985). 
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This finding, however, was disputed by the results of another study (Nakagawa 1986). 
Among seven markers tested in 28 oligodendrogliomas, MAG, carbon anhydrase C 
(CA C) and neuron specific enolase (NSE) were only positive in some tumor cells. In 
addition, more than 90% of the oligodendrogliomas reacted with anti-leu-7. Other 
neuroepithelial tumors were also reactive with anti-leu-7, violating its presumed specifici
ty for oligodendroglia! tumor cells. Nevertheless, this antibody might have some value in 
differentiating oligodendroglioma invading the meninges, and syncytial meningioma 
containing large numbers of cells with clear perinuclear cytoplasm (Rubinstein 1989). 
Reactivity with an antibody to myelin basic protein (MBP) remained negative in one study 
(Nakagawa 1986), while in another study invariable positivity was reported, and MBP 
was advertised as delineator of the oligodendroglia! component in mixed gliomas 
(Figols 1985). 

Recently the monoclonal antibody A2B5, ntised against a glial precursor cell, was 
tested on mixed astro-oligodendrogliomas in addition to the oligodendroglia! marker 
galactocerebroside, and the astrocytic marker GF AP. Positivity of astrocytic cells for 
A2B5 led to the conclusion that the mixed gliomas basically have an oligodendroglia! 
lineage (Delarnonte 1989). 

Incubation of oligodendrogliomas with the monoclonal antibody Pm43 was done in 
order to trace a possible production of myelin by neoplastic oligodendrocytes. Pm43 was 
ntised against melanocytes, but coincidentally reactive with myelin sheaths of the 
peripheral nervous system (Van Dijk 1986). No positivity in oligodendroglial cells was 
found, however. By surprise, the gemistocytic cells were reactive with anti-Pm43. Classic 
gernistocytes, which are believed to be astrocytic in nature (although oligodendroglia! 
origin is by no means excluded) reacted with Pm43. Seemingly the gemistocytes contain 
unidentified cross reacting antigens reactive with Pm43 (paper 4). 
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ULTRASTRUCTIJRAL FlNDINGS IN OUGODENDROGLIAL TUMORS 

Various electron microscopical features are encountered in oligodendrogliomas. The 
typical neoplastic oligodendrocytes have a pale cytoplasm filled with many mitochondria, 
some with an atypical morphology. Besides variable quantities of aspecific cell organelles, 
concentric laminar structures (sometimes seen as part of the cell membrane), crystalline 
structures as well as amorphic irregular inclusions were described (Robertson 1962, 
Tani 1969, Rossmann 1971, Baloyannis 1981, Sarasa 1990). In the cells of less typical 
oligodendrogliomas autophagic vacuoles were found (fakei 1976, Escalona-Zapata 1981). 

In the first electron microscopic studies of the cells of classical honey-comb oligoden
drogliomas intracytoplasmic filaments were seen, which were referred to as protogliofi
brils (Raimondi 1962), or perikaryal microtubules (Garcia 1970). These fibrils within 
neoplastic oligodendrocytes had not been seen in an earlier study by Luse (Luse 1960), 
and should not be confused with the fibrillated cytoplasm of interspersed reactive or 
neoplastic astrocytic cells (Rossmann 1971, Baloyannis 1981). 

Since immunoreactivity for GFAP became the hallmark of astrocytic cells, visualization 
of these filaments was considered to support an astrocytic origin of a particular glioma. A 
major problem of electron microscopic investigations is the representativity of the tumor 
cells that are selected for ultrastructural processing. This problem was apparent in two 
ultrastructural studies on the different cell types in oligodendrogliomas by Kamitani 
(1987, 1988). A few cytoplasmic fibrils were seen within so-called light-shaded and 
medium-shaded cells, both considered as representing oligodendroglial tumor cells. 
Interspersed astrocytes were dark-shaded, and contained an abundancy of glial filaments. 
The presence of glial filaments and of perivascular end-feet in some of the cells would 
suggest an astrocytic nature of all oligodendroglia! tumor cells. In other studies confusing 
discrepancies between the immunohistochemical demonstration of GFAP at light micros
copy and the finding of intermediate filaments at the ultrastructural level exist (Jagadha 
1986, Luse 1960, Cerv6s-Navarro 198la, Cerv6s-Navarro 198lb). 

Using a technique of processing adjacent semithin immunostained sections, the various 
GFAP-positive cells in oligodendrogliomas could be unequivocal! y identified and 
compared at the electron microscopic level (paper 6). 
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ll..,jeyUidC....hiDg Bailer (<9>7) Rou..y ~ Obal.il>.K (<OJ<) 

'· Ma:lulloblastoma '· Medullobbstoma Neuros.pongiome {Neuroblastoma (Wright) 

'· Pineo blastema Neurogliocytome embryQna.ir~ (M~n) 
Glioll'.a sa.n::om:Ltoides (Borst) 

3· Neurocpithelioma '· Neuroo:pithclloma. JNeurotpithcliome (FI=erl 
l Retinocytome <\ steph.:ul-Ocyto:s (1bwas) 

Bhstome epet~dymale (Marburg) 

•· Spongioblastoma multi· 3· Spongioblastoma Clioblastome rP'"~''"'"'= mwtiformo (Glob~ ~d Sua=) fonne (glioblastoma.) multiforme Glio.s.arcoma. (Ewing, B<>rst) 
(glioblastoma) Gliome l petites edluks (M=nl 

Gliome polymorph (Roussy, Lh=w: and 
C()rn.il) 

5· Pinealoma 4· Pinenloma rinealoma (Kmbbe) 
Chorioma (Asl==y) 
Compound piD.e:U gl:md type (Strong) 

6. Spongioblastoma 5· Spongioblastome OligodCD.drocytome Neurinome cc:ntmle Qosephy-Macphe~n) 
Wlipol;ue Wlipohre fascicu!C 

1· Astroblastoma 6. Astroblnstoma (Included in nstro- Neuroblnstom:..? (Greenfield) 
cytomas) 

3. Ependymo= } 1· Ependymoma (a) Ependymocytome Ependymal glioma ,. Ependyma blastoma (b) Ependymobbstome GUo-ependymome (Ma.5Son) 
(c) Ependymogliotne 

•o. Astrocytoma fibrillare 8. Astrocytoma Astrocytome Astrocytoma (Ewing) 
n. Astrocytoma protopb.s- Sternzellen (Stroebe) 

mi~ 

"· 0\igodendrogliom:L Oligodendrogliom:L Oligodendrocytomc Gliomc;). petites cellules rondes (Roussy, 
Lh=itte ao.d Comil) ,,. Ga.nglioneuro= Ga.nglioneuroClll. Neurogliotne g<Ulglionu.Uc 

Table 1. Classification scheme of neuro-ectodennal derived twnors of the central nervous system. The 
number of categories was reduced to ten at a later time. The astroblastomas have been added to the group of 
astrocytomas. and the pineoblastoma has been included in the medulloblastoma. (From: L.B. Cox: ~The 
cytology of the glioma group; with special reference to the inclusion of cells derived from the invaded 
tissue", Am I Pathol9:847, 1932). 



.Astrocytoma, 
grades 1-4 

Ependymoma, 
grades I-4 

Oligodendroglioma, 
-grades 1-4 

~euro-astrocytoma, 
grades r-4 

.:0.1cdulloblastoma 
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Old zoith nev..• in parentheses 
------

rAstroc:ytoma (astrocytoma, grade I) 
< Astroblastoma (astrocytoma, grade 2) 
, Polar spongioblastoma (obsolete) 
L Glioblastoma multiforme (astrocytoma, gmdes 3 and 4) 

(Ependymoma (ependymoma, grade 1) 

l 
Epcndymoblastoma (ependymoma, gndc:; 2-4) 
Neuroepithdioma (obsolete) 
)..1cdullocpithclioma (ependymoma, grade 4) 

.'Oligodendroglioma (oligodendroglioma, )',.rrade 1) 
l Olig:odcndroblastoma (oligodendroblastoma, grades 2-4) 

(Neurocytoma } 

I 

Ganglioneuroma 
G 

·
1
. (Neuro-astrocvtoma, grade I) ang 1ocvtoma · 

~ Gani,::Iiogiioma 

I Neuroblastoma } 

l ~~~~i~~;bl~~~~:oma (Ncuro-astrocytoma, grades 2-4) 

And others 

~1edulloblastorru. 

Table 2. Grades mentioned in a simplified classification scheme for the gliomas by Kemohan and co
workers (1949). By the introduction of their grading system the glioma types were reduced to five main 
groups, discarding various forms as obsolete. An outline of the actual grading system is draVID. in paper 2, 
Table 1. (From: "J.W. Kernahan et al.: "A simplified classification of the gliomas", Proc Staff Meet Mayo 
Clin, 24:71-75, 1949). 
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ABSTRACT 

In order to investigate the prognostic impact of tumor size on the survival of patients 
suffering from oligodendroglioma, the tumor volume was calculated from CT -scan images 
of 43 patients and was compared with the overall survival and the histopathologic grade 
of the tumor. To circumvent a possible effect of debulking on tumor progression the 
relationship between tumor size and survival time was tested separately in those patients 
who had undergone only a diagnostic biopsy. Neither for these patients, nor for the whole 
group of patients a significant correlation between tumor volume and survival time was 
found. No correlation existed between tumor size and histopathologic grade. On the other 
hand, gross tumor localization was found to be an important factor in the clinical courses 
of patients suffering from oligodendrogliomas. 
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INTRODUCTION 

Whereas for almost all cancers clinical staging is the most important factor for 
prediction of tumor progression and survival, histopathologic typing and grading are the 
most important predictors for the clinical course in patients with a tumor of the central 
nervous system. This difference can be attributed to the lack of metastatic propensity of 
brain tumors and the absence of regional lymph nodes. Since the early days of clinical 
application of CT imaging, correlations between the CT fmdings and histology of the 
tumors were sought1

•
2

. However, staging according to tumor size, relation to the 
tentorium cerebelli, the midline and the ventricular spaces never gained practical 
importance3

. 

Although it has been lmown for a long time that consistent histopathological grading of 
gliomas yields patient groups with comparable survival times', the selection and the order 
of importance of histopathological features in grading schemes are disputed, especially 
with respect to the grading of oligodendrogliom~. For oligodendrogliomas the 
traditional grading system derived from Kernahan's grading system for the gliomas, 
yields poor correlations with clinical course5

• Recently, a more practical grading system 
for oligodendroglial tumors has been developed, and the value of individual 
histopathological features has been evaluated in multivariate analyses7

·
8

• 

In a few studies close correlations between the size of gliomas and the clinical course 
of the patients have been reported9· 11 _ However, the role of tumor size or volume in the 
clinical course of oligodendrogliomas is not known. Intraventricular oligodendrogliomas 
show even better survival than those at other localizations 12

, a finding that makes a 
clinical staging scheme even more controversial. In the present study the tumor sizes of 
43 oligodendrogliomas were assessed from CT-scans, and were correlated with the 
clinical course. The tumor size was also compared with histopathological grade. Since it 
was anticipated that the prognosis might be dependent on the residual tumor mass after 
debulldng, the relationship between tumor size and survival of the subgroup of patients, 
who had only undergone a diagnostic biopsy, was tested as well. Furthermore, the 
relationship between tumor localization and tumor size was investigated. 

MATERIAL AND METHODS 

clinical data 

The preoperative CT-scans of 43 patients with histologically verified oligodendroglio
mas of the brain were obtained from the files of the Department of Radiology of the 
University Hospital Rotterdam-Dijkzigt. The group consisted of 33 men and 10 women. 
The patients had been admitted between the years 1979 and 1986. In 26 cases an internal 
decompression was performed, while in 17 cases surgery was limited to a diagnostic 
biopsy. Seventeen patients had been treated with additional radiation therapy. No 
information about the doses and modes of application of the radiation therapy could be 
obtained from the clinical records. The age at admission, the age at death and the survival 
frequencies are represented in Fig. 1. The survival times were calculated from the time of 
the first operation. Six patients were still alive at the end of this study. The median age at 
first operation was 42.5 years and the median age at death was 46.3 years (Figure 1). 
Estimations of the preoperative period were as accurate as the anamnestically obtained 
data about onset of symptoms. A reliable assessment of preoperative conditions or 



50 

ages at first operation and death 
number of patients 

8· 
7 -

6 -

s-
4· 

3· 

2-

1 -

0-
o-s 25-30 S0-55 75-80 

ages 

c:J first operation - death 

Figure 1. Ages at the time of first operation and death of the 
patients. The biphasic curve with peaks at 35 and 55 years for age 
of first surgery is characteristic for the oligodendroglioma. 

TABLE 1 
Localizations of the oligodendrogliomas 

frontal 
frontoparietal 

parietal 
parietotemporal 
temporal 
occipital 
parietooccipital 

basal ganglia, thalamus 
brainstem 

6 
1 

4 
2 
3 
1 
1 

1 

2 

1 
3 

histopathological grading of the oligodendrogliomas 

Kamofsky scores of the 
patients could not be ob
tained from the neurosurgical 
records. 

The localization of the 
oligodendrogliomas is listed 
in Table 1. The tumors were 
divided into those predomi
nantly localized in the hemi
spheres, and those localized 
in deeper regions such as 
basal ganglia, thalamus and 
brainstem (fable 1). The 
hemispheric tumor sites were 
subdivided into a frontal and 
a non-frontal group. 

7 
1 

5 
3 

1 

1 

The oligodendrogliomas were graded according to the revised grading scheme of Smith 
(6,8). ln this grading scheme endothelial proliferation, necrosis, nuclear-cytoplasm ratio, 
cell density and pleomorphism are scored in a simple on-off scheme. In grade A tumors 
all histopathological features were low or absent, while in grade D all were present or 
high. The difference between grade C and grade D was the presence of necrosis in the 
latter. Grade B+, i.e. grade B with the presence of necrosis (6), was added to grade B 
because of the relative small patient groups. 



Figure 2A. A large partly cystic temporoparietal 
tumor pushes the midline structures to the left. 
There is a considerable amount of perifocal ede
ma. 

Figure 2C. The same oligodendroglioma from 
Figure 2A and 2B after contrast injection. The 
outline of the tumor became more clear. 

Figure 2E. An example of a CT scan of a small 
lesion with homogenous contrast enhancement. 
There is only very discrete replacement of midline 
structures. 
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Figure 2B. This particular cross section of the 
tumor is delineated on the scan that was taken 
without contrast. 

Figure 2D. In this particular case the tumor look
ed more extensive after contrast enhancement, and 
the areal fraction is larger than that on the pre
contrasted scan. 

Figure 2F. The tumor can be delineated without 
too much difficulty, although certainly there will 
be tumor cell infiltrations beyond the delineation. 
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quantitation of tumor volumina 

The CT-scans had been made by two scanner types: an EM!-scan (England) and a 
Tomoscan 310, later modified into 350 (Philips, The Netherlands). 

Volumetric measurements were carried out by the method described by Breiman et al. 
in 1982 (13). CT photographs were displayed on a monitor using an interactive image 
analysis system (IBAS 2000). The tumor margins were delineated by a cursor, and cross 
sectional areas were subsequently calculated by integral software (Kontron Bildanalyse, 
Kontron Electronic Group, 1984, West Germany). The delineation of the tumor borders 
was made by inclusion of all areas of changed density, while the surrounding low 
attenuation in the white matter was excluded (Figure 2). Tumor volumina were calculated 
by summation of the cross section areas and subsequent multiplication by the cut 
thickness. All measurements were performed twice, and one scan was measured five 
times, in order to determine the intra-observer variability. Based on tumor volume three 
groups were defined, viz. one between 0 and 50 cm3

, one between 50 and 100 cm3, and 
one consisting of tumors larger than 100 cm3

, and Analysis of Variance was used to trace 
differences in survival between these three groups. 

statistics 

The statistical tests were performed using the Statistical Package for the Social Sciences 
(SPSSX package). Pearson's correlation coefficient was calculated for tumor size and the 
survival time as well as the length of the preoperative period, and tumor size and patient 
age. Analysis of Variance (ANOV A) was used to detect the main effect of the grading 
scheme of Smith and of the tumor localization on the survival time. Furthermore ANOV A 
was used for detection of differences in survival times between the three groups defined 
by mitotic index, and between the patients who underwent radiation therapy a;1d those 
who were not treated by radiation. A posteriori testing was done by use of the Student
Newman-Keuls test using significance at the 0.05 level. 

RESULTS 

The volume of the oligodendrogliomas ranged from 2 to 264 cm3
• The median tumor 

volume was 22 cm3
, while the mean tumor volume was 64.5 cm3 (s.e.m. 60.7 cm3

). None 
of the tumors was multifocaL The intra-observer error with respect to the volumetric 
determinations was less than 20%. Some CT characteristics of the oligodendrogliomas are 
listed in Table 2. In almost 50% of the cases the margins were not sharply demarkated. 
About 60% of the oligodendrogliomas were hyperdense at CT-scan, while 40% appeared 
as an hypo- or isodense lesion. In 17 cases a post-contrast scan was available. Various 
degrees of enhancement were seen. In 5 cases the tumors were found to be more 
extensive after contrast (Fig. 2), while at the other 12 post-contrast scans the tumors 
appeared to be smaller. These differences remained below 20% of the tumor volume. In 
only 40% of the tumors calcium was visible on the CT-scan. No relation between the 
presence of calcium and the size of the tumor was found. In more than 30% of the 
tumors peritumoral edema was present. Edema was found around smaller as well as 
around larger oligodendrogliomas (Table 2). 

Histopathologically, six tumors were graded A, 21 graded B (including 9 tumors 
grade B+, i.e. grade B with the presence of necrosis), 3 graded C and 13 tumors were 
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TABLE2 
CT scan characteristics of the oligodendrogliomas 

Margins Densitv Calcium Peritumoral edema 

sharp unsharp hypo/iso hyper present absent present absent 

Tumor size 
0 - 50 cm3 28% 21% 14% 35% 12% 37% 28% 21% 

50 - 100 em' 14% 12% 12% 14% 14% 12% 19% n 
100 cm3 7% 19% 16% 9% 14% 12% 21% 5% 

49% 51% 42% 58% 40 60% 67% 33% 

Tumor grade 
A 3% 13% 
B/B+ 23% 26% 
c 5% 5% 
D 18% 8% 

49% 51% 

graded D. The lower grade oligodendrogliomas tended to show vague margins, while the 
majority of the higher grades had sharp margins at CT (Table 2). Although the survival 
rate decreased with increasing tumor grade, only the difference in survival time between 
gradeD and the other grades reached statistical significance (p < 0.001) (Fig. 3). 

survival to Smith' grades 

grade A -grade B ·--grade C -gradeD 

Figure 3. Survival to twnor grade. The number of patients in the 
respective groups are too small to yield significant differences in 
survival times; only grade D differed significantly from the other 
grades. 

Anova did not reveal 
significant differences 
between the three groups 
defined by tumor size 
(p = 0.5). No correlation 
was found between tumor 
size and survival time for the 
whole group of patients 
(r= -0.1363; p = 0.225) 
(Fig. 4). Similarly, in the 
seventeen patients who had 
only undergone a diagnostic 
biopsy without decompres
sion by surgical tumor debul
king not even a correlative 
trend between tumor size and 
survival was found (Fig. 5). 
Only in the group of patients 
with a grade D tumor the 
negative correlation between 

tumor size and survival carne close to significance (r = -0.5534; p = 0.077). Pearson's 
correlation coefficient showed no significant correlation between the duration of the 
preoperative period and the tumor size (r = -0.074; p = 0.34), or between age at first 
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survival to tumor size 
tumor size (in cm3) 

sao I 
0 

250 ~ 

200 

0 
150 

0 

0 

0 
= 0 

100 0 
0 0 

0 
0 

c 

50 00 (: 

0 ~ 0 

0 
do 0 

0 

0 12 24 36 48 60 72 84 96 108 120 132 144 156 168 180 

survival time (in months) 

o deceased o alive 

Figure 4. Relationship between tumor size (volumes) and survi
val time (n = 43). No correlation between tumor size and survival 
was found. 
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Figure 5. Relationship between tumor size (volumes and survi
val time for the patients who underwent only a diagnostic 
biopsy without substantial removal of tumor tissue (n = 17). 
Also io this subgroup no correlation betv.reen tumor size and survi
val exists. 

operation and tumor size (r = -0.16; p = 0.16). 
The mean survival time for patients with frontal tumors (n = 17) was 65.54 months 

(s.e.m. 64.46), while the mean survival times for the non-frontal cortical regions 
(n = 20) and the deeper regions (n = 6) were 20.07 (s.e.m. 19.61) and 7.30 (s.e.m. 
2.89) respectively. Analysis of variance (ANOVA) revealed significant differences in the 
survival times of the three groups for localization (p < 0.0001) (Fig. 6). A posteriori 
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testing (Student-Newman-Keuls) yielded significant differences between the group with 
frontal tumors and the other two groups. Tumor size did not differ significantly between 
the three localizations (p = 0.3870), and no significant correlation between tumor size 
and survival time within the groups for localization was found. 

No significant correlation between tumor size and age of the patient was found 
(r = 0.16; p = 0.16). No significant difference in survival time of the patients who had 
and those who had not undergone any form of radiation therapy was found. 

DISCUSSION 

survival to localization 
% survival 

100 
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{ .. )basal ganglia. tr.alamu~. brain atom 

Figure 6. Relationship between twnor localization and survival 
time (n = 43). The patients with a frontal tumor had a significant 
longer survival time than patients with a tumor in a non-frontal 
:region. 

A variety of studies addresses the volumetric measurement of structures or tumors that 
are visualized on CT scans'·''"". Some studies particularly deal with the volume of 
intracranial structures or tumors9

•
19

"
24

• The method of converting surface to volume by 
multiplying surface area with single CT slice thickness was found to be the most practical 
and most reproducible means of volume deterrnination13•

15
•
21

•
22

• This method yields a 
minor coefficient of variance and is superior to geometric computation based on the 
product of maximum diameter and perpendicular diameter, as well as the rectangular 
prism or ellipsoid model13

•
14

•
18

•
24

• However, measurements are less accurate for lesions 
with a small volume17

•
18

·
24

• In the present study the intra-observer error remained below 
20%. Subsequent measurement of the volume and density of intracerebral tumors by 
CT -scans has been attempted in order to plan or evaluate therapeutic modalities10

•
11

·2S·
29

• 

Chisholm found an intra-observer variability of more than 10% of the real tumor volume, 
and a highly significant systematic inter-observer difference in mean value3.3°. Further
more, the minimal change in tumor volume that could reliably be detected appeared to be 
25% of the original volume3°·31 • Therefore, growth rate estimations based on CT imaging 
are limited to cases with a substantial change in volume. 

Often, tumor borders seen at CT -scan differ from real borders as verified by 
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stereotactic biopsy32·
33

. Nevertheless, the length of border trajectories vary between 
different gliomas and so within the same tumor. Gliomas of lower malignancy grades 
generally show a more diffuse growth pattern than neoplasms of higher degrees. 
Consequently the lower graded tumors are more difficult to delineate at CT -scan34• On the 
contrary, high grade gliomas and glioblastomas often grow as a circumscribed mass, 
although a narrow rim of infiltrative tumor cells is always present35

•
36

• In the present 
study low graded oligodendrogliomas tended to be vaguely delineated. whereas indeed 
high grade tumors had a sharp demarcation (fable 2 and Figure 2). This finding is in 
agreement with Lee"s results in a study of 35 oligodendroglia! tumors37

• In contrast to the 
clear boundaries at postcontrast CT-scan, the infiltrating malignant glioma cells in the rim 
of edema remain unnoticed at CT-scan34

• The known tendency of oligodendrogliomas to 
infiltrate peritumoral edema makes all adjacent areas at CT potentially tumor-bearing". 

In order to reduce sampling errors and to improve the representativity of biopsy 
material comparisons between CT-scan findings and histopathology have been made1·2.3S-4t. 

Some authors correlated the scan images with the histological findings in autopsy 
brains34

•
40

·
42

.43 . Good correlation between image and histopathology has been obtained for 
magnetic resonance but not for- CT-scans28

·
44

• Among some histopathologic features 
vascularity and necrosis were best predictable from the CT-scan pictures in various 
studies35

·
33.45

• Contrast enhancement is mainly a reflection of damage to the blood-brain 
barrier caused by tumor tissue viz. neovascularization39. Since vascular and endothelial 
proliferation are features of malignancy in glial tumoril·s, it would be a logical conse
quence that contrast enhancement at CT -scan corresponds to histopathological malignancy. 
In a study of Butler all astrocytomas of high grades showed moderate or marked contrast 
enhancement indeed3s. In the study of Levin on 61 malignant gliomas the volume of 
enhancing tumor in combination with the absence of a peritumor low-density area were 
found to be indicative for a shorter tumor progression time and thus for a worse progno
sis23. In another study on 21 oligodendrogliomas contrast enhancement was linked to 
malignant histopathology. although there was a considerable range in recurrences of the 
tumors, varying from 9 months till 8 years, and histopathological criteria of malignancy 
were not outlined46• Also in Lee's study on 35 oligodendrogliomas increased contrast 
enhancement was associated with higher grade tumors37

. In a study of Schall, using 
radionuclide scans of oligodendrogliomas, the presence of endothelial and vascular 
proliferation was the main criterion for a positive scan. Nevertheless, no clear correlation 
with the clinical course was founcf7

. In only seventeen cases of the present study post
contrast scans were available, and in this limited series no relation between increased 
contrast enhancement and tumor grade or tumor size became clear (fable 2). 

A major reservation with respect to the present results is the uncertainty about the 
length of the preoperative period, in which the tumor has been present before being seen 
on the CT -scan for the first time. and increasing malignant histopathology with time". 
The growth rate of the tumor could very well be an important prognostic factor. There
fore the expansion should be estimated. As mentioned before, however, changes in 
volume of the tumors cannot easily be established on CT -scans30

•
31

• Early postoperative 
scans may also be misleading in the evaluation of residual tumor mass because of trauma 
to the blood-brain barrier during operation". Determination of the mitotic index on 
histological slides would be an alternative method of assessing the tumor growth rate. 
Indeed, the mitotic count was found to be a significant prognosticator in the present 
patient group, and in an extended group including the same patient population49

• 

The main result of the present study is the lack of correlation between tumor size and 
survival. This was true for the whole group of 43 cases, as well as for the group of 
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patients who had undergone only a diagnostic biopsy. Neither was a correlation between 
tumor size and histopathologic grade found. The absence of either correlation, i.e. 
between tumor size and survival and between tumor size and grade possibly indicate a 
much more complex role of tumor size in the clinical courses of patients with oligoden
droglioma. Since frontal tumors show significantly longer survival, only localization 
would be a relevant factor in clinical staging of the oligodendrogliomas. 
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Oligodendroglioma 

A Comparison of Two Grading Systems 

J. M. KROS, MD.w D. TROOST, MO.t C. G. VAN EDEN, PHD." A. J. M. VANDER WERF, MD. PHD,:j:: 
AND H. B. M. UYUNGS, PHD~ 

In order to compare the grading system for oligodendrogliomas described by M.T, Smith (1983) with 
the conventional. g:rnding system according to Kcmolun (1938). specimens from 72 patients were gr:.tdcd 
according to both systems.. and survival times of the p3.ticnts were comPat<'d. Survival rotes decline in 
older patients. No inter:action between the age of the patient and the degree of the tumor was found. No 
influence of localization of the tumor on surviv.aJ was found. Similar to the system of Kernoban. the 
grading system of Smith dh<inguisbcs between ooly three groups of patients with significantly diffcfcnt 
survival times. In Smith's Grade A and Kemoban's Grade 1 the lo~est survivals are foun~ while in 
Smith's GradeD and Kemoban's Grade 4 the shortest survivals arc found. Smith's Grades Band Cas 
well as Kemohan's Grades 2 and 3 were intermediate with respect to the survivaJ times of the patients 
and did not significantly differ from ¢aCh otber. With the independently significant features (cell 
density. pleomorphism. and necrosis) evaluated acrording to simple on-off scoring. and with the reduc
tion from four grades to three. the grnding system acct)rding to Smith wonld provide a simple and good. 
concise grading system for oligodendrogliomas of the brain. 

Cance,.61:2251-2259,1988. 

S INCE THE 1920s when oligodendrogliomas were dis
covered and recognized,1 many studies have been 

performed to detail the characteristics of patients with 
this disease or of the tumors in order to predict the 
clinical course ofpatients.2-S The old idea that the oligo
dendroglioma is a rather slowly growing and relatively 
benign tumor bas recently come into dispute. Among 
the many parameters investigated with respect to thera
peutic decisions and prognostic statements are age and 
sex of the patient. as well as the localization and histo
pathologic characteristics of the tumors. The histopath
ologic properties of the tumor traditionally are consid
ered to be highly important with respect to the prognosis 
of the patients. However. grading of oligodendrogliomas 
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appears to be complicated. Modifications of the grading 
system as described in 1949 by Kernohan for the 
gliomas9-14 have been used for the oligodendrogliomas 
in several meclical centers. Nevertheless. many studies in 
which these grading schemes were applied failed to cor
relate the histopathologic picture with prognosis. The 
absence of a reliable statistical base. for example, not 
accounting for the possible dependence between histo
pathologic characteristics4

•
10 and drawing conclusions 

from too small groups of patients.5•7• 1 ~ 19 might be re
sponsible for this failure. The need for statistical reliabil
ity was noted in a study ofSchrOder.=0 In 1983 Smith 
introduced an alternative grading system for oligoden· 
drogliomas.21 Not more than five histopathologic fea
tures were to be evaluated in classifying an oligoden
droglioma into one of the four grades of this system. 
Because the histopathologic characteristics of his grad
ing system were scored in o. simple on-off schedule, 
Smith claimed that his system excluded most of the sub
jectivity among pathologists examining the tumor. Fur
thermore. Smith stated that these histopathologic char
acteristics were easily recognized. and that they were 
among the basic characteristics of malignancy. How
ever. in this same study. only pleomorphism was identi
fied as being significantly correlated with survival. 
Smith did not consider the localization of the tumor as a 
factor of prognostic significance. nor did he correct the 
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survival times against the age of the patient when an 
operation was performed. 

It seemed appropriate, therefore, to evaluate the cor· 
relation of Smith's gr3ding system v.ith the prognosis of 
the patients. Moreover. we wanted to compare this sys
tem with the more traditional system based on the crite
ria proposed by Kernahan in order to determine which 
one offered the most reliable prediction in the prognosis 
of the patient. The purpose of this retrospective study 
was to compare both systems by applying them to the 
same group of oligodendrogliomas and to correlate the 
respective grades v.tith the survival rates. Since the age of 
the patients and the localizations of the tumors could 
very well influence the prognosis. the effects of these 
factors were also studied. 

Materials and Methods 

Clinical Data 

The clinical records and the histologic material from 
101 patients diagnosed as luving oligodendroglioma of 
the brain were acquired from the files of the Department 
of Neurosurgery at the Academic Medical Center of the 
University of Amsterdam. Patients had been admitted 
to the hospital between 1958 and 1984. We were able to 
sample adequate clinical dJ.ta and to verify the diagnosis 
in 72 of the 101 patients. Male and female patients were 
equally represented. At least one operation had been 
performed on the tumors of these patients. Fourteen 
patients had a second operation. while three patients 
had a third. All operations had been performed to de
bulk the tumor or to decompress the brain. In 38 cases 
of the disease the patient had also been treated v.tith 
radiotherapy, but we were unable to obtain detailed in
formation about the methods and dosages used. The 
period of time between the first operation and death was 
considered as the survival time. The preoperative period 
was estimated on the basis of the time when the first 
symptoms had appeared up to the date of the first oper
ation. At the end of this study 15 of72 patients were still 
alive, 52 had died. and we were unsure of the case rec
ords of five patients. These patients were considered to 
be alive since they could be traced for at least more than 
5 years after the operation. Six patients who died within 
a month after the operation were excluded from this 
study since it was impossible to distinguish between OP
erative mortality and mortality as a result of the tumor. 
All of these patients had only one operation. For the 
remaining group of 66 patients.. Figure 1 shows the dis
tribution of ages at the first operation. In order to ex
plore the effects of age on survival the patients were 
divided into three comparable groups: patients younger 
than 35 years {31%), patients between 35 and 55 years 
{48%). and patients older than 55 years (21%}. The effect 

of localization of the tumor was studied by distinguish
ing between tumors confined to the hemispheres (83%) 
and tumors located in more basal regions-suprasellar. 
cerebellar, and in the pons ( 17% ). Tumors in the hemi
spheric group were divided into a frontal (56%) and a 
nonfrontal (27%) group. 

Histopathologic Material and Grading 

The original histopathologic material was reexamined 
or when necessary. new slides were processed for hema
toxylin and eosin staining. A tumor was accepted as an 
oligodendroglioma when it was composed of more than 
50% cells with the phenotype of oligodendrocyts. In con
ventionally stained sections these cells are recognized as 
round cells with perinuclear halos. Two neuropatholo
gists who were unaware of the corresponding clinical 
data. as well as each other's scores. applied both grading 
systems in different sessions to the material in random 
order. 

The Kernahan grading system adapted for oligoden
drogliomas consists of the parameters.. cell density and 
amount of neuropil (cell appearance). pleomorphism. 
hyperchromasia. vascular and endothelial proliferation. 
mitotic rate. necrosis. microcysts. and calcium. Table 1 
outlines these features and the composition of the re
spective grades. 

The Smith grading system is composed of four fea
tures. which are already used in Kemohan·s grading 
system-endothelial proliferation. necrosis. cell density. 
and pleomorphism. The feature of nuclear-cytoplasmic 
ratio completes the grading system of Smith. The fea
tures should only be recognized as present or absent 
high or low. Grade A is defined as all features low or 
absent: Grade B as the presence of pleomorphism and/ 
or cell density high and nuclear-cytoplasmic ratio high: 
Grade C as tumors showing pleomorphism. endothelial 
proliferation, high nuclear-cytoplasmic ratio. and high 
cell density: and Grade D is defined as all five features 
being high or present. 

Figures 2A-2C show some of the histopathologic vari
ables ofboth grading systems. Table 3 shows that Smith 
uses one combination of histopathologic features to de
fine his Grades A. C. and D. and that be lists three 
possible combinations to define Grade B. Twenty-four 
percent of the tumors showed a histopathologic picture 
that was not defined by Smith. Since the survival rates in 
this group were not significantly different from the sur
vival rates in the group with Grade B oligodendroglioma 
(see Results). these patients were added to the B group. 

Statistics 

All tests were performed by means of the Statistical 
Package for the Social Sciences (SPSSX package). The 
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Ftc. l. Age at fust operation. Number 
of patients distribute<.i according to the age 
when the first operation on the tumor, to 
debulk or to decompress, was performed. 
Men and women are. in this consecutive 
order. represented. The number of pa
tients in each age group is too small to 
identify the shape of the curves as signiji.
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Analysis of Variance (AN OVA) was used for main ef
fects of the grading systems. the effects of patient age. 
and localization of the tumor. Testing a posteriori (Stu
dent-Newman-Keuls test) was performed to demon
strate the differences between the particular grades. 
Since the frequency distribution of the survival times of 
the patients is an exponential one. these data were log-e 
transformed before the application of ANOVA. The 
correlation between the survival rates of the Kernahan 
and the Smith grading systems is indicated with Pearson 
correlation coefficients. 

Results 

When the Kernahan grading system was applied, 7% 
of the tumors in the total group received Grade I: 32%, 

Grade 2: 30%. Grade 3; and 32%, Grade 4. When graded 
according to Smith, 6% of the tumors were graded as A. 
24% as B. and in addition-although not strictly defined 
by Smith (sec the previous section on histopathologic 
grading)-another 24% were graded as B, 11% as C. and 
35% as D (Table 3). The discrepancy between the two 
neuropathologists in their judgments of the histopatho
logic features was less than 5% using the Smith grading 
system and up to 8% according to the Kernohan-derived 
system. A matrix shows the percentages of tumors as 
graded according to both grading systems (Table 4). 
Fifty-seven percent of the tumors received grades of the 
same order in both systems. In 28% of the patients the 
tumor was graded as more malignant by the system of 
Kernohan than by the system of Smith. while in 15% of 

TABLE 1. Features and Gra.dingAccording toKernoh:m'sGmding System for Gliomas 

Cell density 
Neuropil 

Features 

Cell appear.mce 
Pleomorphism 
Hypercbromasia 
V.:~SCula.r and endothelial proliferation 
Mitotic rate 
Necrosis 

= C!.lcium 

+t 
Less than normal 

Non=! 

+ 

"'The mo~'t important difference between Gr:lde I and Gmde 2 is the 
absence of neuropil in the latter. Therefore. Gmde 2 shows the classic 
picture of an oligodendroglioma with the characteristic honeycomb 
structure. The most important differences between Grades 2 and 3 is 
the presence of mitoses and of pleomorphic cell5 in Grade 3. Gr:lde 4 is 
distinguished from Grade 3 by the existence of necrosis. vascular and 

++ 
-j 

Grade* 

Honeycomb 

+ 

3 

++ 

+j 
+ 

+j 

Ofteo 
L= 

4 

++ 

Atypical 
++::: 
+ 
+j 
++j 
+j 

Often 
l= 

endothelial proliferation. more mitoses than in Grade 3. and more 
pleomorphism. 

t Symbols: -: absent or low; +: present or high: ++: abundant or 
very high. 

:1: Indicates the main difference(s) between the actual grade and the 
preceeding degree. 
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FIGS. 2A-2C. {A) Oligodendroglioma in which all five features from 
the grading system according to Smith are absent or low, and thus 
graded A. Since the features byperchromasia. mitoses, and cystS were 
also absent. it was graded as 1 in the Kernohan system (H & E. X230). 
(B) Tumor graded Bin Smith's system (no necrosis. no endothelial 
proliferation); however, nt least graded 3 in the system of Kernob.an 
because of the presence of mitoses (arrow), hyperchroma.sia, and 
murked pleomorphism (H & E, X350). (C) This tumor shows endothe
lial proliferation and pleomorphism rather a high cell density and a 
high nuclear-cytoplasm ratio. Since necrosis was found elsewhere in 
this tumor, it was graded Din the Smith system. The arrow indicates 
one of the microcystS, which are not considered for this grading (H & 
E. X230). 
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TASJ.£ 2. Feo.tures and Gmding According to Smith 

Fe:nures A B c D 

Endothelial proliferation -t -+-+-+ + 
Necrosis ++++++ + 
Nuc!e:rr-cytOplasm mtio -++ --+ +--++- + + 
Cell density -++ ++- ++++++ + + 
Pleomorphism +-+ -++ --+-++ + + 

• Grades A. C. and Dare defined bY onlv one combination of the 
five features. Gr.!de B is represented by threC combinations <l5 ddmed 
by Smith and nine combinations :1.5 found in the prCSt.-nt study. three 

without and si:> with the feature of necrosL~. 
t -:absent or low; +: present or high. 

the patients the opposite was true. The most extreme 
differences in grading were found in the 5% ofthe Grade 
4 tumors in the Kernahan system and Grade B in the 
Smith system, and in 3% of the Grade 2 tumors in the 
Kernahan system and Grade D in Smith's system. 

Table 5 lists mean survival times. Patients with Ker
nahan Grade I tumors and Smith Grade A tumors had 
the longest mean survival rates as compared with the 
other grades. Patients with Kemohan Grade 4 tumors 
aod Smith Grade D tumors both bad the shortest sur
vival rates. In both grading systems the survival of the 
second group (Grade 2 and B) was shorter than the sur
vival of the third group (Grade 3 and q. The analysis of 
variance sbowed_that the Kernahan system (P < 0.01) 
and the Smith system (P < 0.00 I) distinguished between 
groups of patients with different survival times. The 
Student-Newman-Keuls test, using significance at 0.05, 
showed that in the Kernahan system Grade 4 differs 
significantly from Grades 2 aod 3, and that in the Smith 
system Grade D was significantly different from Grades 
B and C. No significant differences in survival rates 
could be demonstrated between Grade 2 and 3 patients 
and between grade B and C Patients. Since there were 
not enough patients in the two lowest degrees of both 
grading systems. the survival rates of these grades could 
not be tested. Figures 3A and 3B show the survival per
centages within each grade of both grading systems. 

The length of the preoperative period appeared to be 
highly variable, seemingly showing no relation to tumor 
degree. However. the ANOVA showed that the Kerno
han grades had a significant effect on the variable length 
of preoperative symptoms. but only Grades 3 and 4 
differed significantly from each other. Thus. in the Ker
nahan grading system the period of time between the 
onset of symptoms and the operation is shorter for pa
tients v.ith Grade 4 tumors than for patients with Grade 
3 tumors. 

The trend of decline in survival rate with increasing 
age is shown in Figure 4. A posteriori testing with a 
significance level of 0.05 showed that all three age 
groups were different from each other in their mean 

survival time. The Pearson correlation coefficient calcu
lated between the ages at first operation and the survival 
rates showed a significantly negative correlation 
(-0.4722: P < 0.001). An interaction between age and 
one of the two grading systems as investigated in two
way ANOVAs was not found (P > 0.1). The three 
groups of patients that were defined on the basis of the 
localization of the tumor did not have significantly dif
ferent survival rates as tested with ANOVA. nor did 
ANOVA demonstrate a difference in survival rates ac
cording to sex. No significant difference between the 
survival rates of patients who were treated with adjuvant 
radiotherapy aod patients who were treated only by sur
gery could be shown. 

Discussion 

The age distribution shown in Figure I confirms most 
of the distributions reponed in the literature.4

•5•10·16·

JS.n-z4 A biphasic curve in the incidence of the oligoden
drogliomas is also a common finding. although it is here 
not found to be of significance. The peak in frontal 
localization is also found in :ill larger studies. In this 
study a majority of tumors were located in the right 
hemisphere. A clear lateralization of the oligodendro
gliomas was also noticed by Ravens, Adamkiewicz. and 

TABU: 3. Percentages of the Toul Group in the Re:.."PCC!ive 
Grades of the Grading Systems 

Smith's Report. 
Kemohan Smith !983 

7% A 6% A 23% 
32<:0 B 24% + 24% B 49% 

3 30% c 11% c 22% 
4 32% D 35% D 6% 

Noh·: The first two columns show percentages in each gmde ofthc 
group in our study; the Last column show.; the percentages as found by 
Smith ct a/. Grade B of the Smith grading system in our group shows 
24% tumor:;. which luve a histopathologic picture that is the same as 
one of the three pictures strictly defined by Smith for this grade; the 
other 24% luve pictures that were anributed to this grade by us (see 
text). 
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TABLE 4. Matrix of Percentages of Patients as Gr.~ded According 
to the G Systems ofKemohan and Smith 

Kernoh:m 
4 
3 

Totll no. of patients"' 66 
0% 5<;;, 3% 
0% IS% 4'0~ 

2% 25"0 2% 
5% 2':0 0% 

A B c D 

Smith 

Gro:IP 7 and bv Roberts and Gennan.5 However. these 
authors reported a distinct left side predominance. The 
influence of localization on survival rates could not be 
found in our study. Ravens et al. mentioned a relation
ship between the histology of the tumor and its localiza
tion in the brain. 17 but this relationship has not been 
established in later publications. Despite earlier conclu
sions. 25 it recently was demonstrated that there is a ben
eficial effect of radiotherapy on the survival of the pa
tients whose neoplasms have been subtotally resected.~6 

However. the survival rates of patients who received 
adjuvant radiotherapy in our study did not differ from 
those of the patients who only experienced an operation. 

By applying ANOV A. a significant effect of age on 
survival was found. all three age groups having signifi
cantly different mean survival rates. The mean survival 
of the older patients was shonerthan that of the younger 
patients. From Merk's analysis in which the survival 
rates were corrected for life expectancy based on the age 
of the patient. thus eliminating age as significant factor. 
it is likely that the effect of age is mainly based on this 
natural life expectancy?l.·Z7 Ludwig and Smith found a 
relation between the age of the patient and tumor de
gree: older patients had tumors of a higher degree than 
younger patients. zs Since an interaction between these 
two factors was absent in our study, we are unable to 
affirm these results. Neither did we find support for the 
results of Burger suggesting a correlation between pa
tient age and the number of mitoses in the tumor.z9 

The difference in the distribution of patients among 
the grades in our study and Smith's own report is notice
able. Wt:. classified 6% of our tumors as Grade A. while 
Smith classified 23% of his tumors in this group. We 

Kernohan Smith 

Grade Mean* SEM MQO SEM 

I. 122.0 111.7 A. 1!2.5 102.5 
2. 66.9 14.0 B. 77.0 13.3 
3. 71.1 21.5 c. 82.8 32.6 

'· 34.7 16.8 D. 15.7 2.5 

SEM: sundard error of the mean. 
'"Mean survival rates are given from the time of the first operation. 

graded 11% of the tumors as C. while Smith graded 22% 
as C: we also graded 35% of the tumors as D. while 
Smith classified only 6% of his tumors as Grade D 
(Table 3). A possible explanation for the discrepancy in 
numbers of tumors in the lowest and in the highest de
grees might be that the patients in Smith's study were 
operated on more readily, and. therefore. his material 
could consist of tumors of a lower degree. However. the 
suggestion by Muller18 that the histopathologic picture 
of an oligodendroglioma would develop from a low de
gree into a higher degree has never been proven. 

No significant difference in survival rates between the 
original Grade B group as defined by Smith and the 
group that was added to the Grade B tumors in the 
present study was found. This finding justified adding 
these nine combinations of features tO the original three 
combinations that were defined as Grade B by Smith. 
Nevertheless. the total group of Grade B patients was 
about the same size as the B group in Smith's study
containing 48% and 49% of the tumors. respectively. 
Many different histopathologic pictures emerged from 
these Grade B tumors. and a distinct delineation from 
the C group could not easily be made. Funhermore, our 
finding of an absence of a significant difference in sur
vival rates between patients with Grade B tumors and 
patients with Grade C tumors is remarkably similar to 
Smith's report.z 1 Therefore, the idea of adding the one 
combination defined as Grade C to the Grade B group 
with its many combinations of features could be de
fended. 

In recent studies M0rk and Burger identified necrosis 
as an independent. significant feature in prognosis.n29 

Nelson concluded from his research on astrocytomas 
that necrosis was a clear. significant factor in prognosis 
for this type oftumorP In the grading systems of Smith 
and Kemohan the feature of necrosis separates the third 
degree from the highest degree. In addition, we found 
that the survival rates of patients with a Grade D tumor 
were significantly worse than the survival rates of pa
tients with Grade A. B. or C oligodendrogliomas. The 
same was found with respect to the Kernohan grading 
system. Necrosis is one of the features in si.x of the nine 
combinations of features that were classified in Grade B 
(Table 2). The Student-Newman-Keuls test was applied 
in our search for a difference in survival rates between 
patients with these necrosis-positive tumors in the 
Grade B group and tumors in the Grade D group. A 
significant difference between the survival rates of these 
two groups was found. It may be concluded that these 
particular tumors from our Grade B group are not to be 
added to the highest degree only because of this presence 
of necrosis. Together with the Grade B tumors in which 
no necrosis was found, they form a distinct grade in 
which many diverse histopathologic pictures can be 
found. 
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FIGS. 3A AND 3B. Survival percentages for 
grades in systems of Smith and Kemohan. (A) 
In Smith's system each line represents the 
total percentage of patients who are still alive 
with a tumor cbssified according to the par
ticular grade as marked. As shown bv 
ANOVA. Grades B and C cannot be ~
guisbed in terms of survival rates. The curve 
of Grade A represents only three patients. The 
ANOVA did not show a distinction in sur
vival rates between Grade A and the other 
grades of thi:; system. (B) In the Kernahan 
system each line represents the total percent
age of patients still ~ve with a tumor classi
fied according to the panicular grade as 
marked. The ANOVA could not disclose a 
significant difference between the survival 
rates of the patients with tumors in the two 
middle grndes.. Since Grade 1 consists of only 
three patients, the absence of a signific::mt dif
ference between the survival rates of patients 
with tumors of this grade and those of other 
grades is also clear in this system. 
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FIG. 4. Surviv:al rates to age. Each JXI· 
tient is represented by a circle. The ten
dency of shorter survival with increasing 
age is clear. In the present study this trend 
w.lS found to be independent of tumor de
gree and localiz:o.tion (P< 0.001). 

age a~ ~1rst operation <years) 

In the large study by M0rk et a!. ='427 20 histopatho
logic features of 208 oligodendrogliomas were analyzed. 
and by applying a multivariate analysis, cell density. 
necrosis, microcysts., and possible subpial infiltration 
were shown to have independent prognostic signifi
cance. Pleomorphism is the only feature identified by 
Smith as being signifrcant in terms ofprognosis.=' 1 In the 
recent report by Burger et al. ~9 a group of 71 patients 
with an oligodendroglioma of the brain was studied 
using a univariate analysis. Here. the features of mitoses. 
necrosis, nuclear atypia. and vascular hypertrophy and 
vascular proliferation were mentioned in order of de~ 
creasing importance with respect to prognosis: the au~ 
thors concluded that necrosis and the number of mitoses 
contain all of the prognostically useful information. If 
these histopathologic features that are independently 
significant are considered in the grading systems of 
Smith and Kemohan. both systems use necrosis. cell 
density. and pleomorphism. The Kemohan-<lerived sys-
tem also lists (micro )cysts. which is a significant feature 
according to Merk. 27 as well as the controversial feature 
of number of mitoses. This feature. however. although 
identified as a significant factor in Burger's paper. was 
not found as being significant in M0rk's study. In add.i~ 
tion to the microscopic histopathology. M0rk lists the 
following five clinical features of a patient that are signif~ 

icant in terms of survival: preoperative clinical status. 
ABO blood group. gross necrosis and hypervascularity 
:LS seen by the neurosurgeon. and calcification as seen on 
radiographs of the skull.24

•
27 Despite the last macro~ 

scopic feature. M0rk does not mention the microscopic 
presence of microcalcifications as being among the sig~ 
nificant factors. It was not possible to trace all these 
clinical data in the records of the patients in our study. 

The ultimate test of the validity of a grading system is 
a true correlation of grade with prognosis. 21 It is con~ 
eluded from our statistic analysis that both grading sys-
tems contribute in predicting the survival time of a pa~ 
tient. With further analysis it was found that neither the 
grading system of Kernoban nor the newer system of 
Smith can discern more than three groups with different 
survival rates. The degree of discrimination in the pre~ 
operative period as achieved by the Kemohan grading 
system is not very impressive because the data on the 
point at which first symptoms begin are not very reli
able. The advantage of Smith's grading system is that it 
reduces the histopathologic features. Recent literature 
makes legitimate four of the eight features used in the 
Kernohan-derived system. and three of the five features 
used in the Smith grading system. A second advantage 
of Smith ·s system is that it simplifies grading by scoring 
the features in a simple on~off schedule. The four grades 



72 

No.I! Two GRADING SYSTEMS IN 0UGODENDROGU:OMAS Kros et al. 

of Smith's system could be reduced to three by combin
ing the features of Grade C v.r:ith those of Grade B. The 
presence of necrosis alone does not justify the highest 
degree for a particular tumor. Grade A should be re
served for a tumor in which all features are found to be 
low or absent. but a significant distinction of this grade 
from the higher grades could not be shown in our study. 
The age of a patient does significantly affect survival. 
but probably no more so than the effect of natural life 
expectancy. A relation between age and tumor degree 
was not found. Localization was not found to be signifi
cant in prognosis in our study. and it did not interact 
with the histopathologic picture of the tumor as ex
pressed in the grading systems. 
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Prognostic Relevance of DNA flow 
Cytometry in the Oligodendroglioma 
J. M. Kros, MD," C. G. van Eden, MD, PhD,t C. J. Vissers," A. H. Mulder, MD, PhD," 
and Th. H. van der Kwast, MD, PhD* 

In a retrospective study of 85 cases, the prognostic value 
of DNA flow cytometry in oligodendrogliomas was evalu· 
ated. Paraffin-embedded material was processed for flow 
cytometry, and the survival rates of the patients with 
DNA diploid. aneuploid. and tetraploid tumors were 
ct~mpared using analysis of variance. In addition, the mi
totic index was a~rrelated with the results of flow cytome
try. Finally, the :results of flow cytometry, histopatho
logic grading, and counting mitoses were tested for de
pendency. 

Thirty-<~ne percent of the tumors were diploid. 39% 
were tetraploid. and 31% were aneuploid. The results of 
the DNA flow cytometry did not correlate with the sur
vival times (P = 0.798) or with tumor degree. In contrast. 
the number of mitoses (P < 0.05), and the grades of the 
grading system of Smith (P < 0.003) had relevance for tl:n. 
prognosis. No correlation between fl.ow cytometry, histo
pathologic grading. and mitotic index was found. 

It is concluded that .flow cytometry has no value in 
predicting the biologic behavior of oligodendrogliomas, 
whereas the number of mitoses is a valuable prognostic 
parameter and thus is considered to be incorporated into 
the grading system for oligodendrogliomas. Cancer 1992:: 
69:1791.-1798. 

Oligodendrogliomas represent a subgroup of glial tu· 
mors in which histopathologic grading has been a mat· 
ter of controversy. The original grading system for the 
gliomas developed by Kemohan and coworkers yielded 
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poor correlation with the survival times of the pa
tients.1-J Therefore, histopathologic features with inde· 
pendent prognostic significance have been sought,4-6 
and a new grading system exclusively for oligoden
drogliomas was developed by Smith et al.6 

In a variety of tumors, DNA £low cytometry (DNA 
FCM) has proven to be a useful and objective parameter 
in addition to histopathology for the assessment of tu
mor progression or survival of patients. 7-n The aim of 
thecurrentstudywas to explore the valueofDNAFCM 
for prognostic pre<lictions in oligodendrogliomas. In 
gliomas, the results of DNA FCM in predicting survival 
times of patients have been controversia1.12.13 The Iarg~ 
est survey comparing DNA content with biologic beha v
ior specifically dealing with oligodendroglia! tumors 
was done on a series of no more than 11 tumors.1

" Obvi
ously, the results were inconclusive. 

In the current retrospective study of 85 oligoden
droglial tumors, DNA FCM was performed on paraffin
embedded material and the results were correlated with 
the survival rates of the patients. In addition, the oligo
dendrogliomas were graded according to the grading 
system of Smith, and the tumor grades were correlated 
with the results of FCM. The mitotic index was mor
phometrically determined, and the results were corre
lated with the survival times and with the results 
ofFCM. 

Material and Methods 

Clinical Records 

The clinical data and the paraffin-embedded histologic 
material of a group of 137 patients with cerebral oligo
dendroglioma were obtained from the files of the Aca
demic Hospital Rotterdam-Dijkzigt. The patients had 
been admitted between 1972 and 1986. Tumors were 
included in the study if they were composed of more 
than 50% of cells with an oligodendroglial phenotype. 
A verified histopathologic diagnosis, adequate follow
up, and a sufficient amount of parnffin-embedded ma-
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Figure 1. Age d.istributions at the time of the first opention (shaded 
bars) and the titne oi death (bLack bar.;). 

terial to perform flow cytomet:ry could be retrieved in 
85 cases. Seventy-eight patients were dead at the time 
of analysis. All patients died as the result of tumor pro
gression. The survival times were calculated as the time 
interval between fust operation and death. The mean 
age at time of fust biopsy was 45 years, and at time of 
death was 49 years. The distribution of age at first oper
ation and age of death are shown in Figure 1. In 16 
cases, the material of a second biopsy was processed. 
All patients underwent excisional biopsies for decom
pressing or debulking purposes. The localizations of the 
tumors are listed in Table 1. No information about the 
volume of surgically removed tissue could be obtained. 
Stereotactic biopsies were not included. Fifty-six per
cent of the patients received postoperative radiation 
therapy. The radiation doses and modes of application 
differed considerably because the current study covers 
a period of more than 14 years. None of the patients 
had been treated by <:hemotherapy. 

Preparation of Nuclear Su$pensions and 
Measurement of DNA Content 

Three or four 50-.am sections of representative bloc..~ of 
paraffin-embedded tumor tissue were cut. Areas with 
excessive necrosis or small fractions of tumor were 
avoided. Gray and white matter areas of non-neoplastic 
brain tissue were used as controls. Two additional5-.um 
sections were made for light microscopic evaluation. 
From the 50-.um sections, suspensions of nuclei were 
processed by the method of Hedley et ai.15•16 The slides 
were deparaffinized and rehydrated. After rehydration, 
the tissue was transferred to a test tube containing 1 m1 
of 0.5% pepsin (0.9% saline adjusted to pH= 1.9 with 
{).02% azide) and in01bated for 1 hour at 37°C with 
repeated vortexing. The tubes were centrifuged (2000 

rpm) during 10 minutes and resuspended in Hank's bal
anced salt solution containing 50 ~Lg/ml ethidium bro
mide. The samples were filtered through a 40-~LIJ~. nylon 
mesh filter. The stained samples were measured on an 
FACS Analyzer (Becton Dickinson, Sunnyvale, CA). 
Histograms were generated from 10,000 nuclei and dis
played as linear fluorescence. 

Evaluation of DNA Conttnt 

The ploidy of the tumor sample was estimated by DNA 
index as being the ratio between the modal channel 
numbers of the first and the subsequent peaks in the 
sample. A sample was deDned as DNA diploid if there 
was a single GO /G1 peak, and the DNA index hacJ. a 
value of between 0.90 and 1.10, whereas the second 
peak (G2M fraction) contained less than 5% of the nu
clei measured. A sample was defined as DNA tetraploid 
if the second peak had a DNA index of between 1.90 
and 2.10 and the fraction contained more than 10% of 
the nuclei. Samples with a DNA index of the second 
peak of more than 2.10 or less than 1.90 or with a first 
peak with a shoulder were defined as DNA aneuploid. 

Determination of the S-phase fraction of the sam
ples was tried by using two software programs (the 
Polynomial Model and the Sum of Broadened Rectan
gles Model, Becton Dickinson DNA Cell-Cycle Analysis 
Software). 

Grading of the Oligodtndrogliamas 

From the histopathologic features that were scored, five 
features were used for grading the oligodendrogliomas 
according to the grading system developed by Smith et 
al. 6 and outlined by Kros et alP In this grading system 
the features of endothelial proliferation, necrosis, nu
clear-<ytoplasm ratio, cell density, and pleomorphism 
are scored in a simple on-off manner.lf all features are 
absent or low, the tumor is Grade A, and if all are pres
ent or high, the tumor is Grade D. All of the other com-

Table 1. Localizations of the Oligodendrogliomas 

Ldt (%1 Median (%) Right (o/ol 

Frontal IS 5 IS 

Frontoparietal s 
P<~rietal 2 

P<~rietotempor<~l ' II 

Tempor.ll 5 ' Frontotemporal 4 
ParietoOCcipibl 2 2 

Frontoparietotemporal 2 
Frontotemporoo<:<:ipibl 
Cerebellar 
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binations of features are scored in the middle groups (B 
and q, whereas Grade Cis defined as all features being 
present or high, except the feature of necrosis. Several 
combinations of the five histopathologic features are 
found in Grade B; those in which necrosis was present 
were defined as Grade B+. 

The mitotic score was morphometrically assessed 
by counting the relative number of mitoses corrected 
for cell density per three high-power fields (hpf; objec
tive 40X). The scores were arbitrarily grouped in three 
categories (i.e., a category of less than one mitosis, a 
category of more than five mitoses, and an intermediate 
category). 

Statistical Analysis 

76 

All tests were performed by the Statistical Package for 
the Social Sciences (SPSSX package). Analysis of vari
ance (ANOVA) was used for main effects of the .flow 
cytometry groups and the tumor grades on the survival 
times. Testing a posteriori (Student-Newman-I<euls 
test) was done to elucidate differences between individ
ual grades. Because the frequency distribution of the 
survival times of the patients was an exponential one, 
these data were log-e transformed before the applica~ 
tion of ANOVA 

Testing of dependency between the results of FCM, 
mitotic score, and histopathologic grading was done by 
using Cramer's contingency coefficient procedure. 

Results 

Twenty-six (31 o/o) of 85 tumors had a DNA diploid flow 
pattern, 33 (39%) a DNA tetraploid pattern_ and 26 
(31%) had a DNA aneuploid pattern. Examples of flow 
cytograms are given in Figure 2. The coefficient of varia
tion of the first peak (GOJG1) had a range from 4.0% to 
10.9% and a mean value of 6.6%. In Table 2 the respec
tive mean survival times for the va."":ious ploidy classes 
are given, and in Figure 3 the survival curves are 
shown. No significant differences in survival times 
were found (P = 0.798). The mean survival times of 
patients with tumors with an aneuploid pattern tended 
to be longer than those with a diploid pattern. (Fig. 3 
and Table 2). Assessment of the S-phase fractions failed 
in the majority of the samples because of the relative 
high coefficient of variation values or shortS-phase tra
jectories. 

The grading results related to the survival data are 
listed in Table 2, and the survival CI.U'Ves are plotted in 
Figure 4. AN OVA revealed that the grading system of 
Smith distinguished groups of patients with significant 
differences (P < 0.001) in surviv<~.l times. The a posteri-

ori Student-N e-wman-Keuls test showed differences be
tween Grades A and D and Grad-es B and D. 

In 26% of the tumors no mitoses within the 3 hpf 
were seen, whereas in 17%, more than five mitoses 
were counted (Table 2). The survival rates of the three 
groups are sho'Nil in Figure 5. AN OVA revealed signifi
cant differences (P < 0.0038) bet\.veen these groups. A 
posteriori testing (Student-Newman-Keuls) showed sig
nificant differences between the swvival rates of the 
patients with less than one mitosis per 3 hpf and those 
in the oilier two groups. 

No.dependencies between the results of FCM and 
of histopathologic grading (Cramer's contingency coef
ficient "" 0.437), FCM and mitotic count (Cramet' s 
contingency coefficient = 0.221) or between grading 
and mitotic count (Cramer's contingency coefficient 
= 0.320) were found (Table 3). Thus, correlations be
tween the results of FCM, histopathologic grading, and 
mitotic score are not shown. 

No significant effect on the survival times of pa
tients who had. been and those who had not been 
treated by any means of radiation therapy was found 
byANOVA. 

Tables 4, 5, and 6 represent the results of FCM and 
grading of the successive biopsies of 20 patients who 
had a second operation. The results of FCM on the first 
and the second biopsy are shown in Table 5. In 33% of 
the cases the tumors had the same DNA .flow profile in 
the fust and the second biopsy (Table 5}. Although a 
tendency of increasing grade in successive biopsies was 
obvious (Table 6), no particular trend in the successive 
results of DNA FCM was seen (fable 5). No DNA di
ploidy was found after DNA aneuploidy in the first 
biopsy, and no tumors displayed DNA aneuploidy after 
initial DNA diploidy. No consistent relation was found 
between the ploidy changes and the interval of time 
between the two biopsies (Table 4). Radiation therapy 
did not affect DNA FCM pattern (Table 4). 

Discussion 

In the current study the grading system of Smith 
yielded satisfactory prognostic correlations that were 
comparable to those found in an earlier study on <1. dif
ferent patient population. 17 In the meantime, histopath
ologic features with independent prognostic signifi
cance have been revealed by multivariate analyses.-. 
Thus far, only Burger et al.4 identified the mitotic index 
as a relevant prognostic factor. Nevertheless, mitotic 
counts have not been incorporated i.'1 Smith's grading 
system. The results of the current study suggest that the 
mitotic count should be incorporated in the grading 
system for oligodendrogliomas. 

The value of flow cytometric DNA assessment for 
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TaDle 2. Survival Times of Patients Grouped According 
to Results of DNA Flow Cytometric Study, 
Histopathologic Grade. and Mitotic Index 

Flow cytometric study 
Diploid 
Tetraploid 

Aneuploid 
Histologic grade 

(accon!ing to 
Smith ct a/.") 

A 
B 
B+ 
c 
D 

Mitotic index 

Mitoses= 0 
Mitoses o-5 
Mitoses> 5 

R<!SWts of 
DNA~ 

FO<. 
grading 

=• 
ccnmting 
mito!ie$ 

31% 
39% 
31% 

22% 
31% 
20% 

8% 
19% 

26% 
57% 
17% 

SIU"Vival time (mo) 

Medi.ar. Mtan ... SEM &urge 

14.5 25± 5.29 83 
21.0 35± 5.72 104 
21.5 46± 8.45 139 

61.0 53± 954 133 
30.5 4h 6.29 103 
16.0 33 ± 8.06 100 
11.0 21 ± 11.25 79 
4.0 10::::: 3.95 61 

41.0 48::::: 7.89 138 
10.0 2h 4.05 89 
12.0 27± 8.92 100 
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predicting the clinical behavior of tumors has been ex
plored in a variety of neoplasms_7-ll.I&-:.n Most studies 
we.."'e done on fresh tumor material but techniques for 
successful application of flow cytometry on paxaffin
embedded material have been developed. 15

•
16.22 Despite 

disadvantages of using paraffin-embedded material, 
such as decreased fluorescence intensity, a higher inter
sample variability, and the risk of missing peridiploid 
DNA aneuploid peaks because of increased coefficient 
of variation, in a variety of tumors DNA flow cytometry 

survival rates for flowcytometric groups 
<K. of pMicnta 

'" 
" " " " " ., 
" 
"L-~~~~ " 0 
oea•~~0~42~Noo~nroM9DOO~~m~ 

survival time (in months} 

~diploid tctmplold - aneuploid 

Figure 3. Survival rates fo~ the three groups of patients according to 
the results of DNA flow cytomctric study. No significant differences 
between survival times of any one of the th.ooee groups were found. 
The patients with aneuploid histograms tended. to survive longt>r 
tha.."'t those with euploid histograms. 

survival rates for smith grades 
.._ 01 patients 

"' " " " " " ., 
" " 

-: -- . ·-~~. 

I '--·············1 ...... 1. ••••••.•••••••••••• • ••••••••.•• : 

'~. -~-~_.:,_~~~~~~~-+-,.-e;=;::Q~..;..:. 
0 6 12 18 24 30 36 42 48 N 60 66 72 78 &4 90 96102108114120 

survival time On months} 

Figure 4. Survival rates for patients with tumors of different grades. 
Although all curves run separately, sigro6cant differences were 
found only between the curve of Grade 0 and those of the other 
gr.>d~ 

on paraffin-embedded material proved to be a valuable 
tool in predio;ting survival rates.:z1.:4 ln earlier studies on 
intracerebral tumors, and glial tumors in particular, nu
clear count and nuclear area fraction seemed reliable 
prognostic parameters.z-27 The rapid characterization 
of glial tumor cell populations by means of FCM facili
tated objective quantification.. 26 In a study by Coons et 
al.l2 on 32 astrocytomas, almost all patients with DNA 
aneuploid tumors had short survivals. Although in 6 7% 
and 71% of the cases the rapidly fatal course was pre
dicted by histology or FCM, the combination of histo
pathologic grade with the flow cytogram improved the 
prognostic predictions.12 In a study of 60 intracranial 
tumors, Lehmann and Krug13 found a correlation be
tween the degree of malignancy and DNA ploidy pat
tern. 

In a study by De Reuck et al.14 using cytophotome
try on 200 cells of each sample of 11 cases of oligoden-

survrval rates for mitotic index 
~ 01 patlenu 

"' " 

" ':1-~~~~~~~~_;~~~~,-~ 
o 6 u 13 24 30 36 42 46 54 60 ee n ro &4 90 oo 1021oe114 '120 

survival time (in months) 

mlt""u • 0 mltoaoa •O and •5 - mlt""ea >5 

Figu~ 5. Survival rates of patients with tumors with different 
mitotic index. Patients wtth tumors without ~;utoses (per 3 high· 
power fields. X40) h<ld significantly bcttcr survival times than thOS<.> 
in whom mitoses were found. 
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Table 3. Matrices Matching the Results of DNA Flow 
Cytometric Study. Histopathologic Grade. and 
Counting Mitoses 

Flow cytomeaic 
study 

Diploid 
Tetraploid 
Aneuploid 

Flow cytomeaic 
study 

Diploid 
Tetraploid 
A."1euploid 

No. o( mitoses 

0 
1-5 
>5 

Gr.tdes (according to Smith et 11.l.") 

ABB+CDTobl 

11 7 26 

3 12 11 2 33 
10 3 5 7 26 

19 26 17 7 16 85 

Mi-. 

0 I-5 >5 Tobl 

' 17 26 
8 19 33 
6 12 8 26 

22 48 15 85 

Grades (according to Smith et al.") 

A 8 B+ c D To<al 

12 8 2 22 
7 15 7 7 12 48 

3 ' 4 15 
19 26 17 7 16 85 

drogliomas, the DNA contents were correlated with the 
histopathology and follow-up. Among six anaplastic 
oligodendrogliomas only three were DNA aneuploid, 
whereas the other three had diploid patterns. Despite 
the small numbers, it was concluded that aneuploidy 
corresponded with a bad prognosis.14 Because the DNA 
flow patterns of two oligodendrogliomas were homolo
gous with those of benign intracranial tumors, whereas 
some anaplastic oligodendrogliomas showed an aneu
ploid pattern similar to that seen in glioblastomas, Fre
deriksen et al. Z'9 suggested a relation between the DNA 
flow cytograms and the histopathology of oligoden
drogliomas. In addition, a correlation between the DNA 
histograms and histopathologic grading of 11 oligoden
drogliomas was found by Spaar et al.30 In the current 
study of 85 oligodendrogliomas, we were unable to 
confum all of these results. However, the current find
ings are compatible with the findings of [lmenez et aU1 

and Merk and Laerum/2 although these authors also 
studied comparatively small numbers of oligodendrog
lia! tumors. 

In cytogenetic studies of gliomas, numerical devia
tions in a variety of chromosomes were found. 33,34 It 
was shown that some numerical chromosomal devia-
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Table 4. Results of DNA Flow Cytomctric Study and 
Grading in 20 Successive Biopsies 

rr 
Sexjage <ytl Fir.;t biopsy (mo) RT Second biopsy 

F/59 T, grade B+'" ' + D, gradeD 

M/53 D, grade B 12 + D, gradeD 

M/6 T. grade B+ 13 + D, grade B+ 

M/"' T, gr.tde B 13 + D. gtade B 
Ff41 A. grade A IS + T, grade C 
M/20 D,gradeA 17 + T, gr.tde B 
Mf27 T, grade B+ 21 T, grude B 
M/6<l T, grade B 23 T, grade B+ 
Mf45 A. grade A " T, grade B+ 

M/26 T, grade C 27 + D, grade B 
F/30 D,gradeA 3I + T, grade B+ 
Ff37 A. grade A 36 + A. grade B 
Ff31 D, grade B 37 T, grade B+ 
Ff32 D,g:ra.deB 37 + D. grade B 
Mf37 T, grade B 45 + T, gr.~de B 
Mj47 D,g=:leB " + T, gr.~de B 
MfSO A. grade A 72 T, gr.~de A 

M/32 T. gr.tde B 55 + A. grade B 

Fi" A. grade B+ 79 + T, gr.~de B 
M/33 D, g:ade B+ 82 + T, grade B+ 

.IT: time onterval betw...-n tir$t .and xcond op<'l"ation; RT: r.ld.i.:lt>on therapy; T: 
tetraploid DNA fiow cytogram; +: treated wtth radi.>I!On therapy •n addlaon 
to~; 0: <~,;p!oid DNA Oow cytagt3l'<l; A:. ,u>Nplood DNA Aow cytog>arr~; 
-:not tteated WP.th l>ld1ltion therapy. 
• Resulls- o( grading ...:cording to S1JUth ct al.". 

tions in gliomas gave rise to the occurrence of DNA 
aneuploid (namely, near diploid or near tetraploid) 
DNA histograms.33 Because in the current study of oli
godendrogliomas the average survival times of patients 
with aneuploid tumors tended to be better than those 
with euploid tumors, a J.in..J.,. between DNA aneuploidy 
and chromosomal aberrations, resulting in increased 
growth rates, is not easily established. In addition, it 
should be realized that near euploid patterns are easily 
missed in retrospective studies of paraffin-embedded 
material. 

Although it is suggested in epithelial tumo~5 and 
in simulated biologic settings,u the concept of tumor 
evolution starting with a population of diploid cells 
from which a subclone of tetraploid cells arises, and 

Table 5. Matrix Matching the Results of DNA Flow 
Cytometric Study of First and Second Biopsies 

:,:i"~ometry Flow cytometry results of first biopsy 

of S«ond biopsy Diploid (o/->) T.-tr11.ploid (%) Aneuploid(%) 

Diploid 
TetraploLd 
Aneuploid 

8(2of24) 

29 (7of24) 

0 

17 (4 of 24) 

21 (5 of 24) 

4 (1 of24) 

17(4of24) 

4 {1 of 24) 
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Table 6. Matrix Matching the Grading Results of First and Second Biopsies 

C>:ading tesultlil 
C.r.ld.ing results of first biopsy 

of second. biopsy A(o/a) 8(%) 

A 4 (1 of24} 
B 8(2of24) 29 (7 of 24) 
B+ 8 (2 of24) 13 (3 of 24) 

c 4 (1 of24) 0 

D 0 4 (1 of 24} 

subSequently, because of chromosome loss, an aneu
ploid cell line emerges was not supported by our results 
of the DNA histograms of the first and se<:ond biopsies 
of the oligodendroglial tumors (Tables 4 and 5). Al
though sampling errol'S may be responsible for differ
ences in flow cytograms of repeated biopsies, 26 it was 
demonstrated in the current study that most tumoiS 
have an equal or increased tumor grade in the second 
biopsy, whereas a decrease in grade, most likely caused 
by sampling errors, was seen in only 12% of the cases. 

In studies in which the proliferation fraction in 
gliomas was assessed by means of tritiated thymidine, 
bromodeoxyuridine incorporation.. or the monoclonal 
antibody Ki-67, a positive correlation between prolifer
ating cells and the tumor grade or SUl"VivaJ time was an 
invariable finding. 37-42 The results of bromodeoxyuri
dine incorporation studies correlated well with the esti
mated S-phase fractions that ranged from 2.3 to 13.7 in 
the DNA FCM.40 However, S-phase fractions as low as 
2.3 are below the detection level in DNA FCM studies 
on paraffin-embedded material, particularly in light of 
the considerable variation in coefficient of variation 
values. 

From the current results it is concluded that DNA 
FCM has no prognostic relevance in oligodendroglio
mas, so DNAFCMshouldnot be added to, or replace, a 
grading system for these tumors. A mitotic index should 
be considered as part of the grading system. 

References 

1. Earnest FIlL Kemohan JW, Ct:llg WMcK. Oligodendtog!iomas: 
A review of two hundred cases. Arch Neuro/ Psychiatry 1950; 
63:964-976. 

2. Kemohan JW. Tumors of the CNS. In: Proc~'edin~ of the Staff 
Meetings of the Mayo Clinic. voL 13. Rochester, Min."lesota: 
Mayo Clinic. 1938; 71-75. 

3. Kemohan JW, Mabon RF, Svien HJ. A sim pli£ed classification of 
the gliomas. In: Proc.xlings of the Staff Meetings of the Mayo 
Clinic. vo!. 24. Rochester, Minnesota: 1949; 71-75. 

4. Burger PC. Rawlings CE, Cox EB. Mclendon RE. Scltold SC 
Bullm:d DE. Oinicopathologic cotttlations in the oligodendro
glioma. Olncer 1987; 59:1345-1352. 

5. M0rk SJ, Halvorsen TB, Lindegaard K·F, Eide GE. Oligoden
droglioma. Histologic evaluation .md prognosis. I Neuropathol 
Exp Ncuro/1986; 45:65-78. 

B+(o/o} C(o/a) D(o/aJ 

0 
8(2of24) 4 (1 of 24) 

13 (3 of 24) 0 
0 

4(1of24) 

6. Smith MT, Lu.<iwig CL, Godfrey AD. Armbrusrmacher vw. 
Graaing of oligodendtogliomas. Cancer 1983; 52:2107-2114. 

'· Aardal NP, Talstad I, l...:lerum OD. Sequenti.ll flow cytometrlc 
,"J,rulysis of cellular DNA content in peripheral blood dunng 
treatment for acute leukemia. Scand I Hacmato/1979; 22:25--32. 

8. &t-!ogie B, Johnston DA. Smallwood L cl a/. Prognostic iinplica
tiol'IS of ploidy and proliferative activity in human solid tumors. 
Cancer Grnet CytogC1let 1982; 6:17-28. 

9. Costa A. Mazzini G, Bino G. del Silvestrini R. DNA content and 
kinetic characteristics of non-Hodgkin"s lymphoma: Oeter
rni.rled. by flow cytometry and autoradiography. Cytometry 1981; 
2:185--188. 

10. Raber MN, Barlogie B, Latreille J, Ik-d.rossian C. Fritsche H. Blu
menschein C. Ploidy, prolifer.:~tive activity and estrogen recep
tor content in human breast cancer. Cytomet:ry 1982; 3:36-41. 

11. Wolley RC, Schreiber K.. Koss LC, 1<=1$ M, Sherman M DNA 
distribution in human colon carcinomas and its relationship to 
clinical behavior. f Nat/ Cancer Inst 1982; 69:15--22. 

12. Cool'ISSW, Davis]R. Way DL Cotttlation of DNA content and 
histology in prognosis of astrocytomas. Am I Clin Pathol 1988; 
90:289-293. 

13. Lehmann J, KrugH. Flow-through fluorocytophotometryof d.if
fe.-ent brain tumours. Acta Neuropath of [BerlJ 1980; 49:123-132. 

14. De ReuckJ,Sieben C, DeCosterW. Roels H. VanderEecken H. 
Cytophotometric DNA dct=ination in hum.1n oligodendro
glia! tumours. Histopathology 1980: 4;225-232. 

15. Hedley OW, Friedlander ML, Taylor rw. Rugg CA. Mu:>grove 
EA. Method for analysis of cellular DNA content of p<~raffin
embedded pathological material USJ.n-g flow cytometry. f Histo
ch~:m CytQchem 1983; 31:1.333-1335. 

16. Hedley OW, Friedlander Ml. Taylor JW. Applicabon of DNA 
flow cytometry to p.:>.raffin-embedded archival matenal for the 
study of aneuploidy .:>.nd its dim cal significance. Cytomet:ry 1985; 
6:327-333. 

17. Kros JM. Troost 0, van Eden CG, v,"J,n der Werf, A)M ~ylmgs 
HBM. Oligodendroglioma. A comparison oi two grJding ~y:;
tems. Cancer 1988; 61:2251-2259. 

18. Barlogie B. Drewmko B, Scltumann J (/a/. Cellular DNA content 
as a m<~rkerof neoplasia in man. Am I Med 1980; 69:195--203. 

19. Leuchtenberger C. Leuchtenberger R, Davis A. A micros]X'Ctro
photometric study of the desoxyribo:;..:, nucleic acid (DNA) con
tent in cells of nonnal and malignant human tissues. Am J Pathol 
1954; 30:65--85. 

20. 50nd~"'&lard. K. Larsen JK. M0ller U. Christenst'fl IJ. Hou·]ensen 
K. DNA ploidy-character0tics of human malignant melanoma 
analysed by flow cytometry and comp.ued with histology and 
clinical course. Virchows Arch [Q-11 Pathol) 1983; 42:43--52.. 

21. Vandenlngh HF, Griffioen G. Come-lisse CJ. Flow cytometrlc 
detection of aneuploidy in colorec:t:~l ad~'Tlom.as. Cancer Res 
1985; 45:3392-3397. 

22. Coon JS, Landay AL, Wcinstcin RS. Flow cytometnc anJ.l~"51S of 



CANCER April1, 1992, Volume 69, No.7 

paraffin-embedded tu:n'lors: Implications for diagnostic: pathol· 
ogy. Hum Patho/1985; 17:435-437. 

23. Friexson HF. Flow cytometri<:: analysis of ploidy in solid neo
plasms: Comparison of iTesh tissues with !or.malin·5xed paraf· 
fin-embedded specimens. Hum Pathc/1988; 19:290-294. 

24. Sc:hutte B, Reynders MMJ, Bosman FT, Blijham GH. Flow c:yt~>" 
metric: determination of DNA ploidy level in nuclei isolated 
from paraffin--embedded tissue. Cytometry 1985; 6:26-30. 

25. De Reuc:k J, Roels H. Vander Eecken H. Cytophotometric DNA 
determination in human astroglial I;Umoms. Histopathology 
1979; 3:107-115. 

26. Kawamoto K,. Hez F, Wolley RC, Hirano A. Kajikawa a Koss 
LG. Flow cytometric: analysis of the DNA distribution in human 
·brain I;Umo~ Acta Ncuropqthol [&rlJ 1979; 46:39-44. 

27. Klinken UL Diemer NH, Gjerris F. Automated image analysis, 
histologic malignancy grading, and survival in patients with as
troeytic gliomas. Prognostic significance of nuclear count and 
nuclear area fraction. Qin Neuropathol 1984; 3:107-112. 

28. Hoshino T, Nomura K. WUson CB, Knebel KD, Gray fW. The 
distribution of nuclem DNA from human brain-tumor eclls. 
Flow c:ytometric studies. f Neurosurg 1978; 49:13-21. 

29. Frederiksen P, Reske--Nielsen E. Biehel P. Flow c:ytometry in tu
mOill"S of the b:a.in. Acta Neuropatlwl [Berl) 1978; 41:179-183. 

30. Spaar FW", Ahyai A, Spaar U, GJzo L Zimmermann A. Flow
cytophotometry of nuclear DNA in biopsies of 45 human g\i~>" 
mas and after primary eultu.--e in vitro. Oin Nt:UTOpathol 1986; 
5:157-175. 

31. f.u:nene:z: 0, TJ.lll.ms A. Quirke P, McLaughlin }E. Prognosis in 
maligna..."'l.t glioma: A retrospective study of biopsy specimens by 
flow c:ytometty. Neuropathol Appl Nt:<.lroi:Tio/1989; 15:331-338. 

32. Mmk SJ, Laerw:n 00. Modal DNA c:ontent of hw:nan int:Iacra· 

81 

ni.al neoplasms studied by flow c:ytometry. J Neurosurg 1980; 
53:198--204. 

33. Jenkins RB, Kimmel OW, Moertel CA et Ill. A cytogenetic study 
of 53 human gliomas. CanurCen.et Cytogr:net 1989;39:253-279. 

34. BignerSH, MarkJ, Bwger PC ct a/. Specific chromosomal abnor
malities in malignant human gliomas. Cancer Res 1988; 88:405-
411. 

35. Devonee M. Une nouvelle hypothese sur l'histoire naturelle du 
cancer de Ia vessie gciee .l !'etude du eontenu en adn des tu
meurs par c:ytom&rie en flux. Ann Uro/ 1987; 21:250-256. 

36. Shackney SE. Smith CA. Miller BW eta/. Model for the genetic 
evoluiion of human solid tumors. Cancer Res 1989; 49:3344--
3354. 

37. Burg;; PC, Shiba.t:t T, Klcihues P. The use of the monoclonal 
antibody Ki-67 in the identification of proliferating cells: Appli
cation to surgical neuropathology. Am J Surg Patho/ 1986; 
10:611--617. 

38. Giangaspero F, Doglioni C, Rivano MT, Pileri S, Gel"des J, Stein 
H. Growth fraction in human brain tumors defined by themonl>" 
clonal antibody Ki--67. Acta Neuropathol [&r~ 1987; 74:179-
182. 

39. Hoshino T, Wilson CB. Cell kinetic analyses of human malig
nant brain tumors (gliomas). Canca 1979; 44:956--962. 

40. Hoshino T, Nagashim.a T, MUJ:"Ovic J, Levin EM, Levin VA, Rupp 
SM. Cell kinetic studies of in situ human brain tumors with 
bromod.eoxyu."idine. Cytometry 1985; 6:627--632. 

41. Roggendorl W, Schuster T, Peiffer J. Proliferntive potential of 
meningiomas determined with the monoclonal antibody Ki--67. 
Acta Neuropathol [&rlJ 1987; 73:361-364. 

42. Zaprianov Z, Cuistov K. Histological gtadi."'l.g.. DNA content_ 
cell proliferation and survival of patients with astroglial tumors. 
Cytumetry 1988; 9:380-386. 





83 

PAPER4 

"ULTRASTRUCTURAL AND IM:MUNOHISTOCHEMICAL 
SEGREGATION OF GEMISTOCYTIC SUBSETS 

J.M. Kros, S.Z. Stefanko, A.A.W. de Jong, C.C.J. van Vroonhoven, R.O. van der Heul, 
Th.H. van der Kwast. 

Hum. Pathol. 22: 33-40 (1991) 



84 

Ultrastructural and Immunohistochemical 
Segregation of Gemistocytic Subsets 

JOHAN M. KROS. MD, STANISlAV Z. STEFANKO, MD. PHD, 
ANTON A W. DE JONG. CORNELIS C. J. VAN VROONHOVEN, 
ROY o. VAN DER HEUL MD, PHD, AND 
THEODORUS H. VAN DER KWAST, MD, PHD 

Gemistocytes are frequently encountered in cases ofreactivo: gli· 
osis as well as in glial tumors. Recently. miniature fol'lll.'i of 
gemistocytes (minigemistocytes) were reeognized as cellular con· 
stituents of oligodendrogliomas. Antibodies specific for the in· 
termediate f"iliunents glial fibrillary acidic protein and vlmcntin 
are reactive with gemistocyti.c cells. but do not react specific:illy 
with these cells. In a study o£23 glial tumors we found the mono
clon:J.i antibody Pm43 seleetively reactive with the classical 
gemistocytes as well as with the minigemi«tocytes. Nevertheless. 
at tile Wtrastructural level a striking differcn<:e in the arr.mge
ment of the glial f"Uament.'< between both gemistocytic cell typeS 

was found. Immunoele<:troll m.icros<:opy showed that the reactiv
ity for the newly discovcred gemi:<tocytic marker Pm43 was con· 
f"med to identical intermediate I.tiaments. Despite immunohisto
chemical homology. a dearly different ultrastructure divides 
classi.c gemi~tocytes and minigt'lllis~s into two subsets. HUM 
PATHOL 22;33--40. Copyright© 1991 by W..B. Saunders Company 

In the beginning of this century the German his
topathologist$ Franz Nissl and Alois Alzheimer de
scribed "fattened glial cells" with only a few short pro
cesses among a vast variety of pathologically changed 
glia. 1 They called these cells "gemastete Glia'', a term 
which readily became ··gemistocytes" in the English 
literature. 2 With their round or slighdy oval outline. 
milky cytoplasm. and flattened eccentric nucleus. 
these cells were found in reactive processes in brain 
tissue as well as in glial neoplasms. Tumors almost 
exclusively consisting of gemistocytes were referred 
tO as gemistocytomas.3 Gemistocytes were never en
countered in normal or developing glial tissue. 

Several authors regarded gemistocytic cells as the 
smaller members of a family of large glial cells. 2 ·4-9 A 
division of these larger glial cells into three subtypes 
has been proposed based upon a morphometric anal
ysis of the cell sizes and the sizes and shapes of the 
nuclei.') Recently, the tenn "minigemistocytes" was in
troduced for glial fibrillary acidic protein-(GFAP) 
positive cells resembling small gemistocytes in oligo
dendroglia! tumors. 10.11 

Several markers, including anti-GFAP and anti-
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vimentin, are kno-...'ll to react with classical gemisto
cytes, 12•13 but not specifically. In preliminary studies 
Pm43, an antibody that reacts with a component of 
myelin, 1 '

1 reacted specifically with gemistocytic cells in 
gliomas. 

Although the electron microscopic features of 
classical gemistocytes have been described, 1""20 the ul
trastructure of the minigemistocytes has not yet been 
reported. Therefore. we made an immunohistochem
ical as well as an electron microscopic comparison 
between the classical gemistocytes and the newly rec
ognized minigemistocytes. In addition, we used im
munoelectron microscopy to visualize reactivity for 
anti-GFAJ:>, anti·vimt.:ntin, and anti-Pm43 antibodv at 
the ultrastructural level. ' 

MATERIALS AND METHODS 

Patients 

Biopsy materi::J from 23 patients with a glioma of the 
br..:tin and from three patient.~ with reactive gliosis due to 
hypoxia without tumor was processed for routine hisrology. 
immunohistochemistry, electron microscopy. or immuno
dectron micro:;copy. The patient group consisted of 13 
males and 10 females. Their ages r.tnged from 8 to 68 
years. The mean age w:b 45 years. A predominantly frontal 
locilization of the tumors was found. In six cases a relapse 
of the tumor after previous operation was seen. Four of 
these patients had been treated with irradiation as well. 

Histology and Immunohistochemistry 

Freshly obtained surgical specimens were routinely 
processed for paraffm embedding after fL'Qtion in buff
ered formalin, and small samples were rapidly frozen in 
chilled i.<;Opentane and stored in liquid nitrogen until fur
ther use. Immunohistochemistry was done on paraffin
embedded material or on acetone-fLxed frozen sections of 
5-).1. thickness. Consecutive hematoxylin·azophloxin
sr.:ilned slides were made as well. 

A.s in the original study by Van Dijk et al_i"' Pm43 was 
found to be selectively reactive with the myelin of the pe
ripheral but not the central nervous syMem in formalin
fLxed tissues. Furthermore, only md:anocytes were weakly 
positive. whereas the epitheliaL muscular. and mesenchy
mal component.\ of other tissues did not show reactivity 
with this antibody. 14 Primary antibodies included rabbit 
anti-GFAP antiserum (Dako Corporation. Copenhagen. 
Denmark), diluted I :60 in phosphate-buffered saline pH 
7.4 (PBS). rabbit anti-vimentin :mtiserum (Diagnostic Prod
uct Corpor.J.tiOn, Wimey, UK). and mouse monoclonalanti
Pm43 antibody (ascites diluted 1:2,000 or 1:4.000 in PBS). 
For detection of reactivity with the primary rabbit anti-
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bodie:o, the two-step indirect immunoperoxida..">e techniqUt: 
was used on dcparaffinized sections preincub::tted with l 0% 
normal swine $erum dilmed in PBS. As a second step anti
body swine-:mti-rabbit immunoglobulin (I g) antiserum con
jugated to horse-radish peroxidase (Dako Corporation) di
luted 1:50 in PBS wa~ used. For detection of reacted mono
clonal Pm43 antibody. rabbit anti-mouse Ig antiserum 
conjugated to horseradish peroxidase (DJ.ko Corpor:1tion) 
diluted 1:100 in PBS cont:J.ining 1% ofnonimmune rabbit 
and human serum was used. Alternatively. the avidin
biotin-peroxidase complex method wa~ used to enh;;mce im
munostaining for Pm43. Incubation with the biotinybted 
nbbit ;:mti-mouse lg (Dako Co;poration) diluted I :400 in 
PBS was followed. after wa~hing. by a 30-minute incubation 
with avidin and biotinylated peroxidase complexe~ (Dako 
Corporation}. In control slide the primary antibody was 
replaced by PBS. All inculxltions were performed at 37°C in 
a humidified ch:unber for 30 minures. Prior w incubations, 
endogenous peroxidase activity was blocked by treatment 
v.ith 2% hydrogen peroxide (H:.-0:.-} in methanoL Riming 
excess :llltibodies orconju):i.ttes was done by three washes of 
5 minutes' duration in PBS. Final visuo.li:-..ation was achieved 
by incubation with 0.02% di:uninobenzidine in PBS and 
0.075% H,p~ for 7 minutes in darkness. After washing 
with aquadest the slides were slightly stained with hematox
ylin in order to recognize the cellular morphology. 

Electron Microscopy 

For ele{;tron microscopy. freshly obt.:l.ined tumor ma
terial from five cases of tumor with oligodendroglia! as well 
::ts astrocytic parts (mixed oligodendrogliomas-astrocy
tomas} was minced into 1-mm:< cubes and immediately 
fixed in 1% glutaraldehyde in 0.1 mol/L phosphate buffe'r 
(pH 7.2) at 4°C. The specimens were fi .. xed for 24 hours. 
transferred and stored in 0.1 mol/L phospillte buffer for 8 
hours, and post-fixed in 1 o/c Os04 in 0.1 mol/L phosphate 
buffer (pH 7.2) for 12 hours at 4°C. Subsequently, the spec
imens were rinsed in the same buffer. ethanol-dehvdrated, 
and Epon-embedded for routine =smission electron mi
croscopy. After ultrathin cutting. the sections were col
lected on mesh 100 copper grids :llld counterstained with 
ur::~nyl acetate and lead citrate. Transmis..~ion micrographs 
were made on a Zeiss 902 transmission electron microscope 
at 70 kV. 

lmmunoelectron Microscopy 

For postembedding immunoelectron microscopy. 
small 1-mm:< tissue cubes of four ca~es of mixed oligoden
drogliomas-astrocytomas containing minigemistocytes, and 
one tumor consisting almost entirely of minigemistocytes 
(Figs lB and 2) were fixed in 0.1 mo!JL phosphate buffer 

FIGURE 1. (A) Pure gemlstocytomo. stained for Pm43. All parts of tt'lls glioma showed classic gemlstocytes, altnough some smaller glial cells 
were seen as well. (lv1agnlflcotlon x 500.) (B) Mlnlgemlstocytomo. stained for Pm43. This tumor consisted almost excluSively of uniform cells 
wltn tne morphology of small gemlstocytes. (Mognlflcotlon x 500.) (q Astrocytoma. stained tor Pm43. Tumor with gemlstocytes Intermingled 
wltn mlnlgemlstocytes. In several tumors tnese 1wo cell 'types were seen together. (fvlognlficotlon x 500.) (D) Oligodendroglioma [wltt'l 
GFAP-poslttve ollgodendrogllcl cells), stained for Prn43. The oligodendroglia I tumor cells ere. Irrespective of tnelr rooctMty with onti-GFAP, not 
roocttve wltn orrti-Pm43. (lv1ognlficatlon x 500.) 
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FIGUIH: 2. Gemlstocyte and 
mlnlgemlstocyte In one tumor. 
Classic gemlstocyle with Inter
spersed filaments with adJa
cent mlnlgemlstocyte. The lat
ter Is readily recognized by 
smaller sizes and chorocter!s
tlc bundles of filaments, In 
=ntrost to the dispersed ar
rangement of the fllamoniS In 
the large classic gemlstocyte. 
(Transmission electronmlcro
scopy; magnlflccrtton x 12000.) 

(pH 7 .2) containing I% acroleine and 0.4% glutaraldehyde 
at 4°C for 4 hours. Ti."-.->ues were transferred and stored in 
a sucrose buffer of 1 moVL ~ucrose in 1.1 moVL phosphate 
buffer pH 7.2 with I% paraformaldehyde at 4°C until fur
ther processing for lowicryl embedding as described 
previously.22 From lowicryl-embedded materi;ti ultrathin 
sections were made with glass knives, and the sectiolli were 
collected on carbon-coated Formvar-filmed mesh 100 cop
per grids. The immunologic methods for visualization of 
rabbit anti-GF AP. rabbit anri-vimentin, and mouse anti
Pm43 antibodies were essentially as described previ-

ou~ly."~:l.:!5 As a second step these reagents were used: a 
10-nm colloidal gold-labeled goat anti-rabbit anti""Crum 
(GAR-IO:jam.sen, Becrse, Belgium) and a goat anti-mou..""C 
antiserum (GAM-lO. Janssen). The incubation with colloi
dal gold-coupled antibodies was accelerated by microwave 
irradi:J.tion.2" Control sections were incubated with PBS. 
normal rabbit serum diluted I :60 in PBS. or the appropri
ate dilution of a similar monoclonal antibody nonreactive 
with gJi;U tissue (ie. VIT-3, obtained from Dr W. Knapp. 
Vienna. Austria) instead of anti-GF AP or anti-vimentin, or 
anti-Pm43. Background staining was always negligible. 
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RESULTS TAB!LE 1. Reoctivl1y ot the Monoclonal Antibody Pm43 

Histology and Immunohistochemistry 

In the cases of reactive gliosis, gemistocytes were 
found. but GFAP·positive oligodendroglia! cells 
(GFOCs) or minigemistocytes were absent. All gemis
tocytes showed expression of Pm43 as well as of 
GFAP and vimentin. The marker Pm43 yielded a ho
mogenous staining of the cytoplasm. 

With respect to the gliomas, seven biopsies were 
composed mainly of oligodendroglia! tumor cells but 
occasionally contained GFOCs, minigemistocytes. or 
gemistocytes. In ll tumors a mixture of neoplastic 
oligodendroglia! and astroglial cells was encountered: 
eight of these tumors were variably mixed with 
GFOCs, minigemistocytes, and gemistocytes. Often 
seen in association with minigemistocytes were 
GFOCs. Five tumors were predominantly astroglial 
mixed with gemistocytic element$. 

In all tumors gemistocytes and minigemistocytes 
were selectively reactive with anti-Pm43 in acetone
fixed cryostat as well as in formalin-fixed paraffin 
sections (Fig 1 A. B. and C. Tables 1 and 2). The 
marker Pm43 was seen homogenously in the cyto
plasm. The GFOCs did not show reactivity with Pm43 
(Fig 1D. Table 2). The few giant cells showed mini
mal reactivity for Pm43. but no reactivity at all was 
found in the monstrous* cells. 

Gemistocytic cells as well as giant and monstrous 
cells were positive for vimentin, while minigemistO
cytes displayed less reactivity (Table 2). The gemistO
cytes as well as the minigemistocytes were positive for 
GF AP. whereas the giant cells showed minimal reac
tivity and the scarcely presem monstrous cells showed 
no reactivity at all. 

Electron Microscopy ond 
lmmunoelectron Microscopy 

In transmission electron microscopy the classic 
gemistocytic cells were readily identified by their vo
luminous cell bodies. eccentric nuclei, short cywplas
mic processes, and a characteristic meshwork of 
short, dispersed. nonfasciculated intermediate fila
ments (with a diameter of approximately 10 nm) in 
the cytoplasm (Figs 2 and 3. A and B). However, the 
minigemistocytes showed filaments arranged in large, 
more or less parallel interwoven bundles (Figs 2, 3C, 
and 4). similar to the arrangement in astrocytic cells 
(Fig 5). No cells were found with an intermediate 
phenocype. ie, the arrangement of the intermediate 
filaments as seen in both gemistocyte subsets. 

Immunoelectron microscopy with anti-vimentin 
and anti-GFAP antibody demonstrated intense im
munogold labeling of the intermediate filaments in 
the gemistocytic cells (Fig 3, Band C). Furthermore. 
it was shown that in classic gemistocytes as well as in 
minigemistocytes the antigenic determinant reactive 
with the anti-Pm43 antibody was associated with the 

• Moru;trou~ celb: large cells with bizarre. irregular. and hy
perchromatic multinudei. 

Frozen Section Fonna.lin-flxed Acetone-fiXed 

Central nervous 
system myelin + 

Peripheral nervou~ 
s~tem myelin + + 

Md;mocytes 0 0 

Gemistocytes + + 
Minigemistocytes + + 

Symbob: +, positive; -, negative; :!:., weakly positive. 

intermediate filaments (Figs 3A and 4, A and B). The 
antibody Pm43 did not stain other cellular structures 
or organelles. 

Immunogold labeling was most intense after re
action with anti-GFAP antibody both in gemistocytes 
and in minigemistocytes (Fig 3, B and C). 

DISCUSSION 

In paraffin-embedded glial neoplasms the anti
body Pm43 was selectively reactive with gemistocytes 
and minigemistocytes, an observation that makes this 
antibody a valuable tool in the study of glial differ· 
entiation in gliomas. The selective expression of 
Pm43 both in classic gemistocytes and in minigemis
tocytes suggests a relationship between these cell 
types. The Pm43 reactive determinant in the gemis
tocytic cells may be one of the proteins that was iso· 
lated from the peripheral nervous system myelin in 
the study of Van Dijk et al (ie, a 43-kd protein and 
two proteins between 25 and 30 kd). 14 The expres
sion of a Pm43-defined myelin-associated protein by 
minigemistocytes is in line with the suggested oligo
dendroglia! lineage of these cells. 10•11 On the con
trary. the typical structure of parallel bundles of in
termediate fllaments in these cells suggests an astra
glial origin of these cells. 

The intense immunostaining with anti-vimentin 
antibody in gemistocytic cells that was found in the 
present study affirms the results of earlier stud
ies.2-"·20 Vimentin is temporarily expressed by cells of 

TABLE 2. Immunohistochemical Profile of the Different 
Cellular Constituents ot the Gliomas 

GFAP Pm43 Vimentin 

Fibrillary astrocyte + 
Pilocytic a.~trocyte + 
Protoplasmic a.~trocyte + 
Gemistocyte + + + 
Giant cell'" , + 
Monstrous cellt + 
Minigemi~tocyte + 0 

GFOC:j: + 
Oligodendrocyte 

Symbob: +,positive;-, negative;::':, weakly positive. 
'" Defined a.~ large celb with a single nudeu.~ or multiple nuclei. 
t Defined a,, large cells with bi.z:J.rre. irregular. and hyperchro-

matic multinudei. 
:j: Defined a.' a GF AP-positive cell with the morphology of an 

oligodendrocyte. 
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FIGilRE 3. lmmunoolectron 
microscopy of labeled fila
mont In a gemlstocyto and a 
mlnlgemlstocyte. (A) Gemlsto
cyte (dotoiQ. stolrted for Pm43. 
Characteristic dispersed or
ranged filament"., apparently 
wlthout organization. Scarce 
lmmunogold label tor Pm431n 
this cell Is 05Soclotod with 
tho::.e filaments. while the or
ganelles oro free of label. Key: 
M. mitochOndria: l. tysosome. 
(Magnification x 12.000.) (B) 
Gemlstocyto (dotal~. stained 
for GFAP. lmmunogold label 
forGFAP Is associated with the 
filaments comparable with la
beling lor anti-Pm43. How
ever, more lmmunogold label 
Is soon here. (Magnification x 
12.000.) (C) Mlnlgemlstocyte 
[detail), stained for GFAP. Tho 
characteristic parallel fila
ment ore dearly shown. AJso. 
In the mlnlgemlstocyte more 
lmmunogold label is found for 
GFAP In comparison with 
Pm43 (compare Fig 2). (!VIog
nlflcotlon x 12.000.) 

various localizations in the developing brains of mice 
as well as of humans.:n.Z!:I Later on, during human 
embryogenesis. the expression of vimentin disap
pears and expression of GFAP is found.~ However. 
in some astrocytes of the adult rar brain a dear coex
pression of vimentin and GF AP has been discover-

ed. 30 In man, expression of vim en tin rapidly reoccurs 
in normal glial cells during in vitro culture. and is 
found in glial tumors and cultures of neoplastic glial 
celk2'-'·2G.:;I-:5:o~ The abundant expression of vimentin 
in minigemistocytes and in the classic ballooned 
gemistocytic cells could very well be a consequence 
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of adaptation to altered metabolic circumstances in 
vivo. The existence of heteropolymers with varying 
proportions of both intermediate fliament5 according 
to differentiation of the cells of origin represents an 
attractive hypothesis for the coexpression of GFAP 
and vimemin within mammalian nervous tissue as 
well as in human glioma celllines.:s·l,:;:, This phenom-

0.58p 

FIGURE 4. lmmunoelectron 
microscopic picture of a mlnl
gomlstocyto labeled with 
onti-Pm43. (A] Ultrastructure of 
a mlnlgemlstocyte. Note the 
oval eccentric nucleus and 
few organelles. The most 
prominent feature Is the 
abundant Intermediate fila
ments arranged In interwoven 
bundles. (Magnification x 
4.400.) (B) Detail of A Interwo
ven bundles of filaments. lm
munogold label Is ossocloted 
with these filaments. [Mognlll
cotlon x 12.000.) 

enon of heteropolymerizarion offers an explanation 
for our immunoelectron microscopic findings of the 
coincidental expression of GF AP and vimenrin in as· 
sociation with the same filaments in the gemistocyric 
cells. 

The arrangement in parallel bundles of the glial 
filaments in the minigemistocytes differs essentially 
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FiGURE 5. lmmunoeloctron 
microscopy of a neoplastic 
fibrillar astrocyte stained for 
Pm-43. The neoplastic astro
cyte [s reodlty recognized by 
Its plump cell processes. 
(Magnification x 3.000.) (In
set) Parallel bundles of Inter
mediate filaments which ere 
not labeled by the Pm43 an
'Hbody. except for som0 back
ground lmmunogold label. 
(l'v1agnlflcotlon x 12.000.) 

from the characteristic dispersed arrangement of fil
aments in the classic gemisrocytic cells known from 
the literature_ 1::.-r9 Although minigemistocyres do ap
pear together with gemistocytes within one tumor 
(Figs lC and 2), suggesting a possible ontogenic rela
tion be(¥..·een these two cell types. we did not observe 
intermediate phenotypes at the ultrastructural level 
(ie. cells with :filaments in a dispersed pattern in the 
cytoplasm alternating with an arrangemem in orderly 
bundles). In 1966, Raimondi suggested that the bal
looned aspect of classic gemistocytes could be the re
sult of realignment of cywskeletal filaments beneath 
the cell membrane in asrrog1ial cells.D In 1982, Men
eses et al raised the possibility of a process of gradual 
increase in volume of the cytoplasm of neoplastic 
oligodendroglial cells, transforming these cells into 
miniature forms of gemi.stocytes. 10 However. the ar
rangement in parallel bundles of intermediate fila
ments in minigemistocytes resembling the ultrastruc
ture of astrocytes (Figs 2, 4, and 5) suggests that mini
gemistocytes are more closely related to astroglial 
tumor cells than to oligodendroglia! tumor cells. The 
mechanism of. and trigger for, a possible metamor
phosis of any glial cell into a gemistocyte or imo a 
miniature form of gemistocyte (a minigemistocyte) 
remain obscure. In one of the few studies focusing on 
gemistocytes, Hoshino et al evaluated the incorpora
tion of tritiated thymidin (3H-T) in some high-grade 
astroglial tumors, and concluded that gemistocytes 
are not the aggressively proliferating tumor compon
ent.7 These authors suggested that glial tumor cells 
take the gemistocytic phenotype after having lost the 

competition for nutrients with smaller tumor cells. 
However, this theory does not explain the existence 
of glial tumors consisting almost exclusively of gemis
tocytes: the pure gemistocytomas. 

In conclusion. we found that the anti-Pm43 an
tibody is selectively reactive with gemistacytes and 
minigemistocytes. At the ultrastructural level anti
GFAP, anti-vimentin, and anti-Pm43 show an identi
cal immunogold labeling pattern associated with in
termediate filaments, although differences in staining 
intensity exist. No reactivity of anti-Pm43 was found 
in either non-gemistocytic cells or giantocellular cells. 
The ultrastructure of minigemistocytes differs from 
that of classical gemistocytes. but resembles that of 
astrocytic cells. Future studies should clarify the on
togeny of the different gemistocytic cells and their 
relevance for the biologic behavior of glial tumors. 
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Prognostic Implications of Glial Fibrillary 
Acidic Protein Containing Cell Types 
in Oligodendrogliomas 

). M. Kros. MD.' C. G. Van Eden. PhD.t S. Z. Stefanko. MD. PhD. • 
M. Waayer-Van Batenburg."' and Th. H. van der Kwast. MD. PhD,. 

In oligodendroglia! tumors the intermediate filament glial fibrillary acidic protein 
(GF AP) may be expressed by cells with the morphologic characteristics of typical 
oligodendrocytes (gliofibrillary oligodendrocytes [GFOC]) and by miniature forms of 
gcmistocytcs (minigemistocytes) as well. These latter cell types have been regarded 
as transitional cells that represent intermediate forms between an oligodcndroglial 
and an astrocytic phenotype. Furthermore, in oligodendrogliomas GF AP may be 
expressed by intermingled classic large gemistocytes. which are not considered 
transitional cells. In a retrospective study of111 oligodendrogliomas, the presence 
of the various GF AP-positive cell types was correlated with the survival rates of 
the patients. Therefore. GFAP expression was visualized with the usc of an indirect 
conjugated peroxidase method. The survival times of the patients were recorded 
and statistical comparisons were made. The percentage of GF AP-positive tumor 
cells is increased in oligodendrogliomas of 28 patients who underwent a second 
biopsy (all these patients had been treated with radiation therapy as well). It was 
found that neither the presence ofGFOC nor that of minigemistocytes is predictive 
of the survival. In contrast, patients with classic gemistocytes had survival lengths 
approximately twice as short as those of patients who did not have these cells in 
their tumors. No clear correlation was found between tumor grading or any of the 
individual histopathologic features with the presence of the various GFAP-positive 
cell types. The ominous sign of the presence of gemistocytes in oligodendrogliomas 
confirms some earlier reports about the prognostic significance of this cell type in 
astrocytomas. Cancer 66:1204-1212. 1990. 

S INCE the isolation and purification of the interme
diate filament protein gliaJ fibrillary acidic protein 

(GFAP), 1 ·~ the expression of this protein has been studied 
extensively in a variety of normaJ and pathologically 
changed tissues. J.4 Although the expression of GF AP has 
been described in some nongliaJ cells. GF AP is primarily 
found in normaJ and developing glia and in gliomas.5• 13 
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Because. on the one hand. GFAP positivity seemed to 
decrease with increasing malignancy grade of the astro
cytomas. whereas on the other hand clear GF AP positivity 
was found in astrocytomas of the highest maJignancy de~ 
grec (i.e .. the glioblastomas). expression ofGFAP in as
trocytomas has not been considered a reliable prognostic 
parametcr.s.7,S.JI,J~ 

Soon it became clear that oligodendroglia.! tumors also 
could express GF AP.5·11

•
1
J.--

17 Oligodendroglioma cells with 
the morphologic characteristics of small gemistocytes and 
even classic oligodendroglio.l cells expressed GFAP. in ad
dition to entrapped nonneoplastic astrocytes. 1 H>.J~ 
Abundant GFAP expression was also found in scattered 
classic gcmistocytes. Van der Meulen eta!. found o. reverse 
relation between the malignancy degree of the oligoden
drogliomas and the expression of GF AP: the low-grade 
tumors did not show any positivity. whereas GFAP wo.s 
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exclusively expressed in oligodendrogliomas with a higher 
malignancy grade. 13 This finding was not confirmed in 
later studies. howevcr. 11

•
14

-
1
9 

In 1982 Meneses et ai. termed the GFAP immuno
reactive cells with morphologic characteristics of minio.
ture gemistocytes '"minigemistocytes."18 The GFAP-pos-. 
itive cells with the typical morphologic cho.ractcristics of 
oligodendrocytcs were c::tllcd "gliofibrillary oligodcndro
cytcs" {GFOC). 1 ~ Although GFOC can only be recognized 
after immunostaining for GFAP. minigemistocytcs arc 
readily recognizable in hematoxylin and cosin-s~ned 
sections. Both cell types have been supposed to represent 
diiferent stages of the same lineage. 1

& Gliomas that consist 
of GFOC or minigemistocytcs were called "gliofibrillary 
oligodendrogliomas" or ''minigemistocytomas.." respec
tively. whereas the term "transitional cell type tumor" 
was introduced for the gliofibrillary oligodendrogliomas 
as well as for the minigemistocytomas. 14 

No conclusive data with respect to the biologic behavior 
of the transitional tumors in comparison with that of oli
godendrogliomas lacking GF AP-positive tumor cclls exist 
in the literature. Furthermore, grading criteria of oligo
dendrogliomas :ll"e still a matter of dispute,20

.::
1 although 

recently some histopathologic features with independent 
significance for survival rates have been identified_zo.:::.::3 

The aim of the current study was to identify possible 
significance of the GF AP-positive cells for the survival 
rates in oligodendrogliomas and to establish their rela
tionship to the histopathologic features. Therefore. all 

GF AP-positive cell types in a group ofhistopathologically 
verified oligodendrogliomas were recorded. The survival 
times of patients with oligodendrogliomas variably con
taining GFOC, minigemistocytes. or classic gemistocytes 
were compared with the survival times of patients with 
oligodendrogliomas lacking these GFAP-positive tumor 
cells. The tumors were graded according to a modified 
grading system of Kernahan et ai.:.-1 Rclev;rnt histopath
ologic features were used to grade the tumors.:.o.:.u3 The 
presence of the various types ofGFAP-positive cells was 
correlated with the individual histopathologic features as 
well as the tumor grades. 

Materials and Methods 

Clinical Records 

The clinical data and the histologic material of 137 
patients with a cerebral oligodendroglioma were acquired 
from the files of the Academic Hospital Ronerd:lm-Dijk
zigt. In Ill cases the diagnosis was confirmed :md accurate 
follow-up was obtained. All patients had died before the 
end of this study. The patients had been admitted to the 
hospital between the years 1972 and 1986. The group was 
composedof69 men and42 women. Theagcsofthe 111 
patients at first operation arc given in Figure 1. The slightly 
biphasie age distribution is characteristic for oligoden
drogliomas.W-zz At the time of the first operation, five 
patients were younger than 16 years. The localization fre
quencies of the tumors are sho-..vn in Table 1. The pre-

AGES AT FIRST OPERATION 
~ 

0 

FIG. I. Af.e distribution at time of 
first operation. Distribution for the 
agc::s at fir.:."t operation. The shadOO 
bars represent the patients with 
GFAP-positive oligodendrogliomas. 
The age distribution of these )Xltients 
is congruent with that of all oligo
dendrogliomas together. The distri
bution shows a cbar:lc:teristic bi
phasic curve. with a peak incidence 
around the age of 35 and a second 
one around the age of 55. 
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TABLE 1. Localiz.:nions of the Oligo<kndrogliomas 

Frontal 
Frontop,afietal 
Porictol 
Parictotemporal 
Temporal 
Frontotemporal 
Temporooccipital 
Occipital 
Parictooccipital 
Parictotcmporooccipital 
F rontoparictotcmpoml 
Frontotemporooccipital 
Third ventricle/thalamus 
Suprasellar 
Multif0<:::1.l 

Left(%} Left .:md right(%) Right(%) 

" 1 
5 
7 

' " 6 

' 6 
5 
6 

A predominance in frontal localization confinns earlier reports on 
this tumor. 

dominant frontalloco.lizz.tion is in line with most studies 
on oligodendrogliomas.::o..-::J All patients had undergone 
craniotomy with the intention to dcbulk or decompress 
the brain. Twenty-eight patients had undergone craniot~ 
omy a second time. and four patients even a third time. 
In 64 cases (58%) the patients had been treated with ra~ 
diation therapy subsequent to the first craniotomy. It was 
not possible to obtlin patient selection criteria for treat~ 
ment with radiation therapy. and no detlilcd data about 
application forms or quantity of radiation could be ob
tlined. 

The survival times were calculated from the date of 
first operation. The time from the first operation until the 
time of death was taken as survival time. Patients who 
died within 2 weeks after operation were excluded from 
this study (operation death). 

Histopathologic Material and Immunohistochemistry 

Of all paraffin-embedded material used for this study, 
new sections (5 ~J.m) were made and stained with bema~ 
toxylin and eosin. The diagnosis oligodendroglioma was 
verified. whereas mixed oligoastrocytomas were excluded 
from this study because in these tumors neoplastic astro
cytes are mainly responsible for GFAP expression. The 
histopathologic features were listed and scored. while two 
observers (J .M.K. and SL.S.) were ignorant of the relevant 
clinical data of the patients. Adjacent slides were processed 
for GF AP immunosta.ining. The morphologic character· 
istics ofGFAP immunoreactive cells w.lS not only iden· 
tified by the counterstaining. but also by comparison with 
the adjacent hematoxylin-eosin-stained slide. 

Immunohistochemistry study was done on 5~.u.m~thick 
sections of the paraffinMembcdded material. Before the in~ 
cubations, endogenous peroxidase acL vity was blocked 
by treatment with 2% hydrogen peroxide in methanoL 

The two-step indirect immunoperoxidase technique was 
used on deparaffinized sections prcincubated with 10% 
normal swine serum diluted in phosphate·buffered saline 
(PBS). The primary antibody was rabbit anti..GF AP anti· 
serum (DAKO, Denmark). diluted 1:60 in PBS. pH 7.4. 
Rinsing of the excess antibodies or conjugates was done 
by three 5-minutes washes in PBS. As the second step, 
antibody swine-anti-rabbit immunoglobulin (Ig) anti· 
serum conjugated to horseradish peroxidase {DAKO, 
Denmark) diluted 1:50 in PBS was used. The incubations 
were performed at 37°C in a humidified chamber for 30 
minutes. Final visualization was achieved by incubation 
with 0.02% diaminobcnzidine {DAB) in PBS and 0.075% 
HzOz for 7 minutes in darkness. Control slides, in which 
the primary antibody w.lS replaced by PBS. always ha.d 
negative results. The slides were slightly counterstained 
with hematoxylin to determine the cellular morphologic 
characteristics. 

Grading of the Oligodendrogliomas 

The oligodendrogliomas were graded according to a 
revised grading system modified from Kernahan ·s grading 
system for gliomas. 20·1~-24 Thus, the histopathologic pa· 
rameters necrosis. cell density, pleomorphism. microcysts, 
subpial tumor infiltration, and mitotic activity were used. 
Four grades were attributed according to the results of 
scoring the histopathologic features (Table 2). 

Statistics 

All tests were performed by means of the Statistical 
Package for the Social Scil.'Dces (SPSSX package). 

Student's t test was applied to compare the survival 
times of patients with oligodendrogliomas with and with· 
out GFAP·positive cells. To trace significant differences 
between the survival times of the respective histopatho
logic grades. analysis of variance (ANOVA) was used for 
main effects. A posteriori testing was performed with the 
use of the Student-Newman·Keuls test, to elucidate dif· 

TAnLt: 2. Gr.lding Scheme Modified From Kernohan's Grading 
Scheme for the Oligodendrogliomas 

2 ' 
Necrosis + 
Cell density ++ +++ +++ 
Pleomorphism + ++ 
Microcyst.~ + + 
Mitoses*i 1-3 1-3 2-$ 5 or more 
Subpial infiltration• + 

A grading scheme derived from that ofKernoh:m for the gliomas w:Js 
u.<;Cd. The features necrosis.. cell density, pleomorphism. m1d microcysts 
were found Zl$ independent significant factors for the prognosis. where.:lS 
the presence of mitoses and subpial inflitmtion was of dubiou.~ signifi-

• :-Jo conclusive data about significance available. 
t Per 10 400X fields. 
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FIGS. ;!A ANO 2B. (A) Oligodendro
glioma (Gr.~de 2) with gliofibrillarv oli
godendrocytes (GFOC). The classic ho
neycomb appe.:tr.~nce of :m olir,oden
drogliorn:~ is readily recognized. The 
GFOC are dispersed between the GF AP
neptive cells. In routine hem;:uoxylin
eosin staining these cells are indistin
guishable from their GFAP-neptive 
counterparts (stained forGFAP, X230). 
(B) Oligodendroglioma (Gr.u:lc 2} with 
gliofibrillary oligodendrocytes (GFOC). 
Except for a dark ring of peroxid:lse 
positivity o.round the nucleus. these cells 
o.n: morphologic:illy ident:ic:il to the 
GFAP-neptive oligodendrogl.i:il tumor 
cells. Calcifications as seen in the upper 
left corner are frequently found in oli
godendrogliomas (stained for GFAP, 
X500). 

ferences between individual grades. Because the frequency 
distribution of the survival times of the patients was an 
exponential one, a log-e transformation was done before 
application of the parametric tests. 

To analyze the influence of the presence of either one 
of the GFAP-positive cells on survival. the survival times 
were divlded into two groups containing long and short 
survival times. The chi-squ::rre test was applied to deter
mine the effects of the presence of the different GFAP
positive cell types on the survival times. 

Results 

Glial fibrillary acidic protein positivity was found in 
morphologically different cells.. i.e., in classic oligoden-

drocyte-like cells (giiofibrillary oligodendrocytes or 
GFOC) (Figs. 2A and 2B), in cells with the morphologic 
ch::tr::tcteristics of small gemistocytes (minigemistocytes) 
(Fig. 3), and in gemistocytic astrocytes (Fig. 4), as well as 
in scattered fibrillary and protoplasmic astrocytes. At first 
biopsy GFAP immunoreactive tumor cells were found in 
68% of the tumors, whereas in the second biopsies in 86% 
(24 of28 specimens) GFAP-positive cell types were found. 
All these 28 patients had been treated with radiation ther
apy as well. 

Twenty-three percent of the tumors were graded :lS 

Grade I, 27% as Grade 2, 11% as Grade 3, and 39% as 
Grade 4 (Table 3). Analysis of variance (ANOVA) showed 
significant differences in survival for the different grades 
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of the oligodendrogliomas. The a posteriori Studcnt
Newman-Keuls procedure revealed significant differences 
between the Grades 1 and 2 and between the Grades I 
and 3 and 1 and 4 at the 0.050 significance leveL In Table 
3 the percentages of tumors in which GF AP-positive cells 
were found are shown for the four malignancy gmdcs 
(Table 3). No correlation between the presence of any of 
the GFAP-positivc cells and any of the individual histo
pathologic features was found. 

Figure 5 shows the GFAP-positive fractions in the tu
mors for the first biopsies and the second biopsies, rc-

FIG. 3. Minigemistocvtes in an oli
godendrogli.:il tumor. with voluptuous 
GFAP-positive cytop~m without long 
processes and an eccentric nucleus. these 
cells resemble miniature gemistocytes 
(stained for GFAP. X500}. 

spcctively (Fig. 5). Gemistocytcs. either alone or in com
bination with GFOC and minigemistocytes. were found 
in 41% of the primary biopsies: in 11% of these biopsies 
the gemistocytes were not accompanied by minigemis
tocytcs or GFOC (Fig. 5). The combin::ttion ofGFOC and 
gemistocytes without minigemistocytes was never seen. 
It is shown in this figure that the fraction of tumors in 
which the only GF AP-positive cells were gemistocytes de
creased after initial biopsy followed by radiation therapy 
(i.e .. II% to 5%). whereas the number of tumors in which 
the gemistocytes were found together with minigemisto-

FIG. 4. Classic gcmistocytic cell in an 
oligodendroglioma. A gemistocyte is 
surrounded by minigemistocytes :md 
GFOC {stained forGFAP. X500). 
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TABLE 3. Gr:lding Results 

Gr.~de Percentage GFAP+ ("0) GFOC(%) mini (S) gem(%) 

" 50 " 38 35 
27 79 53 57 43 
11 42 33 33 25 

4 39 77 42 56 49 

GFAP: glial fibrilbry acidic protein: GFOC: gliofibrillary oligoden
drocytes; mini: mini.:J.ture forms of gemistocytes; gem: gemistocytes.. 

In the first column the percentages of patients in the respective grades 
arc given. The percentageS in the second column represent the fmction 
of oligodendrogliom<~5 of e:Jch grade in which GFAP-immunore:~ctive 
cells were found. In the three columns on the right side these percentages 
are given for the respective GFAP-positive cdl typeS. 

cytcs or GFOC increased (i.e .• 31% to 51%). However. 
these shifts in fractions did not reach statistic:l.i signifi
cance. 

The t test did not reveal a significant difference between 
the survival times of patients with oligodendrogliomas 
with GFAP-positive cells on the one hand. and those 
lacking GF AP positive cells on the other hand. In Figure 
6 the survlval percentages of the patients of the respective 
two groups are shown (Fig. 6). 

The chi-square test did not show significant differences 
in the survival times of patients with or without GFOC 
in the tumors. nor between those with or without mini
gemistocytes in the oligodendrogliomas. However. a sig
nificant (T = 5.1: df= 1: P = 0.024) difference was found 
between the survival times of patients with oligodendro
gliomas in which gemistocytes were found, as comp::ued 

0. so 

with those without gemistocytes, irrespective of the pres
ence of the other GFAP immunoreactive tumor cells. The 
mean survival time of patients without gemistocytcs was 
about twice as long if compared with that of those with 
tumors in which gemistocytes were seen (i.e .• 41 versus 
21 months). The respective survival rates are shown in 
Figure 7. 

Localization of the tumors did not influence the survival 
rates. There was no relation between the presence of any 
of the GFAP-positive cells and localiza.tions of the tumors. 
Effects of additional radiation therapy on the survival 
times of the patients were not elucidated. 

Discussion 

A variety of immunohistochemical markers have been 
explored in oligodendrogliomas. 19·::s-n Among these 
markers, anti-Leu-7 antibody would have value in differ
entiating meningeal invasion by oligodendrogliomas from 
oligodendroglial-like parts of syncytial meningiomas.:::7 

The expression of myelin basic protein (MBP) and S-1 00 
protein was studied in oligodendroglial tumors mainly to 
trace some differentiation potency in oligodendroglia! tu
mor cells. :::6.:::s whereas myelin-associated glycoprotein 
(MAG) and GFAP were applied mainly to identify the 
degree of anaplasia or the biologic aggressiveness in these 
tumors.5•11.1J-I 7.::5.::

9 In some studies the concentr:ltion of 
GF AP in cell homogenates was measured irrespective of 
the morphologic ch.:lr:lcteristics of individual cclls,5•6.29 

whereas recently the specific morphologic characteristics 

FIG. 5. Fr.~ctions ofGFAP-posi
tive cell types in the first and second 
biopsies. The shaded blocks on the 
upper line represent the proportion 
of tumors at first biopsy ,..;th the 
various GFAP-positive ceil types ei
ther single or in combination. The 
lower line represents the GF AP-pos
itive cells in the second excisions. 
The toU! group of patients who un
dcnvcnt a first operation consisted 
oflll patients., whereas only 28 pa
tients underwent a second operation. 
All patients who were operated on 
for the second time had been treated 
with radi:ttion therapy as well. The 
respective single cells or cell com-

::J) 

0 
c 
OJ 
::J 
u 
OJ 
L 

<.... 

first biopsy 

OJ 
L 

0.50 

0.162 0.135 0.109 0.171 
0.00 

o. 072 0.027 

= 

second biopsy <af~er lrradla~lon) 

0.238 0.286 

0.095 0.143 0.143 
0.048 0.00 
= 

0.324 

0.048 

= 

binations in a particular tu.mor are 
indicated under the :;eoond line. The 
kist bar of each line (without con
notation) represents the fraction of 
oligodendroglio= without GF AP
positive cells. In the second biopsies 

;~~::Pr:U:t'~~~~c~ ~:~c gfoc ;;~~ m 1 n 1 ~~~ 1 gem ~;~~ 
the increase of GFAP positivity at gem 
second biopsy arc raised fractious of tumors in which minigemistocytes alone. minigemistocytes together with gemistocytes. or minigemistocytes 
together with gcmistocytes and GFOC are seen. The fraction of tumors with gcmistocytes without other GFAP-positivc cells~ diminished with a 
Factor 2 in the grouP ofp:rtients who were operated on a second time. The combination ofGFOC and gemistocytcs without minigemistocytes was 
not found in the first biopsies nor in the second biopsies. 
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FIG. 6. Survival rates for patients 
with oligo<lendrogliomas with and 
without GFAP-positive cells. The 
two curves are intenninglcd. and the 
t test did not show a significant dif
ference in survival times betw~o the 
two groups. 

of the GFAP immunoreactive cells were taken into closer 
investigation.14

•
18

•
19 Readily it became clear that. unlike 

some of the results obtained in astrocytornas..5•
11

•
1
2.Z9 and 

despite the early study of Vander Meuleo et al .• no clear
cut relationship between GFAP content and tumor grade 
in oligodendrogliomas existed. 1 1

•
14

•
19

.30 

A factor responsible for controversies in prognostic im
plications ofGFAP positivity in oligodendrogliomas may 
be the well-known difficulty in proper grading of these 
tumors. The traditional grading scheme ofKernohan for 
gliomas did not yield clear correlati-ons with survival rates 
when applied to oligodendrogliomas. unless used in a 
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FlG. 7. Survival rates for patients 
with oligodenctroglio= with and 
without gem~ocytes.. The two 
curves are dearly separated. and the 
patients with oligodenctrogliomus in 
wb.icb cl:issic gemistocytes are found 
have a significantly shorter ::urviva.I 
than patients with oligodendro
gliomas without these cells. 
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modified version.20·21 .::
4 In the current study the most rel

evant histopathologic criteria were selected from the orig
inal grading criteria ofKernohan (Table 2). This selection 
was bo.sed on recent articles in which histopathologic fea
tures vvith independent significance for prognosis were 
identified.20.2Z.Z3 Nevertheless., we did not reach significant 
differences in survival times for all grades. Furthermore, 
the respective grades -of malignancy seemed to not cor
respond with the percentages of GF AP-positive cells. 
However. in Grade 1 tumors a relatively low number of 
GFAP-positive cells were found. whereas in Gr:tde 4 tu
mors this percentage had increased {Table 3). This trend 
holds for all three GF AP-<:ontaining cell types but did not 
reach statistical significance. Although in studies on as
trocytomas a positive correlation between tumor necrosis 
and GFAP-content was found,5 no corrcl:l.tion between 
the occurrence of one of the three GFAP-positive cell typeS 

with necrosis or with any other histopathologic feature 
was found in the current study on oligodendroglionus. 

The notion of transformation of oligodendroglial tumor 
cells into astroglial tumor cells has been put forward by 
various authors in the past.31- 33 Recently it has been as
sumed tlut this tr.lnsformation process eventually oc
curred through gemistocytie phenotypes {i.e .• round cells 
with GFAP-positive cytoplasm). 13• 14• 1 t~ The arrangements 
of various cells in mixed oligoastrocytomas could very 
well be dependent on the stage of putative transformation 
in these gliomas.27

·34 In the current study we saw various 
mixtures of classic lm-ge gemistocytes with the elements 
of transitional tumors (i.e., minigemistocytes and GFOC). 
but we never observed the combination of GFOC and 
gemistocytes without minigemistocytes (Fig. 5). This 
finding makes direct transformation of GFOC into large 
gemistocytes unlikely. 

The only GF AP-positive cell type in the current series 
of oligodendrogliomas that was associated with a signifi
c::mtly shorter survival time was the classic large gemis
toeyte. Therefore. the presence or absence of classic gem
istocytes should be taken into account when predictions 
on the prognosis of the patients are made. Classic gem
istocytes arc not considered chzacteristic cells for tran
sitional cell type tumors. although transformation of a 
minigemistocyte into a gemistocyte has been suggcstcd. 14 

Certainly cbss:ic gemistocytes are not specific constit
uents for oligodendroglial tumors because gemistocytes 
arc often found in astrocytomas. whereas they appear in 
nonneoplastic processes as well. Although the relationship 
of a gemistocyte to :my other neoplastic glial cell has not 
been clarified. some authors consider gemistocytes as the 
smallest members of a family of giant cells. 35 Scarce studies 
focusing on gemistocytes exist in the literature. 36 Hoshi no 
eta!. studied the proliferative activity of gemistocytes in 
rmlignant astrocytomas and pointed to the notion that 
these cells represent end-stage forms of astrocytes. which 

had lost the competition for nutrients to more rapidly 
proliferating small ostrocytes. 36 Others suggested that 
gemistocytic astrocytomas (i.e .. gemistocytomas) are able 
to develop into the highly malignant glioblastomas.35•37 

Whatever the precise role of gemistocytes in gliomas may 
be. the identification of these cells as indicative for short 
survival expectancy in the current study is compatible 
with the association with malignancy of these cells in the 
literature. 

It is known that large gemistocytic cell forms are often 
found after radiation therapy.38 No data about the relation 
of radiation therapy and minigemistocytes or GFOC are 
available. In the current study an increase in the fr::tction 
of tumors in which gemistocytes were seen together with 
the other two GF AP-positive cell types was found in the 
specimens of patients who had been operated on for a 
second time and who had all been treated with r::tdiation 
therapy in addition to the first operations. No conclusive 
data concerning the effect of radiation therapy on the sur
vival rates of patients with oligodendrogliomas exist as 
yet because effects of selection and different application 
mod:l.lities invalidate retrospective nonrandomized stud
ies. 39

-4
1 Simply the fact of having been treated with ra

diation therapy did not influence the survival times in 
the current study. 

In conclusion. we found a significant difference in sur
vival rates of patients with and without classic large gcm
istocytes in oligodendrogliomas, whereas the occurrence 
of GFOC or minigemistocytes did not have implications 
for the prognosis. The presence of gemistocytes. GFOC. 
or minigemistocytes was not related to any of the relevant 
histopathologic fe:1tures with known significance for sur
vival rates in oligodendrogliomas.. 'Whatever the relation 
between the classic gemistocytes and the GF AP~positive 
cells oftr.lnsitional gliomas may be. the finding of classic 
gemistocytes in oligodendrogliomas is an unfavorable 
prognostic sign for the patients with these gliomas. 
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Ultrastructural Characterization of Transitional Cells in Oligodendrogliomas 

). M. KROS, M.D .• A. A. W. DEJONG, AND 

TH. H. VAN DER KwAST, M.D .. PH.D. 

Abstract. In oligodendroglia! tumor.; the expression of glial fibrillary acidic protein (GFAP) i~ found in cells with :m astrocvtic 
morphology representing pree:dstent or neoplastic astrocytes. In addition, a propon.ion of the GFAP-po.citive cells has .the 
morphology of miniature gemistocytes (minigemistocytcs) or oligodend:rocytes (gliofibrillary oligodendroc)'les or GFOC). Both 
minigemis!Ocytcs :md GFOC an: considered as cells tr.msitionat between =ocytic and oligodendroglia! lineage. Though 
minigemistocytC!> can readily b<: distinguished in routinely stained histological sections. GFAP immunostaining is obligatory 
for the identification of the GFOC. In the present study. the GFOC is ehamcterizcd at the ultr.:tstructurnllevel using an 
immunogold-s.ilvcr stain on semi thin (l l'ffi) slides for identification of GFA? immuno~ctivity and subsequent pr~ng 
of the >~djacent slide for immunoelectron microscopy.ln analogy with the minigemistocyte!;. the glial filaments in the GFOC 
;lTC =need in pw::.lle! bundles. The fmding of cells with ultrastrucl\lr:tl featur., intermediate between those of GFOC and 
minigemistocyte;; suggests ;:. close relationship ::.nd a possible interconvcrtibility b<:tween the two transitional cell types in 
oligodendrogliomas. 

Key Words: Electron microscopy; Gliofibrill.ary oligodendrocyte; Glioma; Jmmunoelectron microscopy; Minigemi~tQCYle; 
Oligodendroglioma. 

INTRODUCTION 

Although oligodendrogliomas consist predominantly 
of neoplastic oligodendrocytes. cells with obvious astro
cytic differentiation have also been observed in these 
gliomas since the earliest microscopic investigations (I
S). Traditionally, cells with slender processes have been 
considered as interspersed preexisting astrocytcs, while 
cells with coarse and irregular cytoplasm and eccentric 
nuclei have been interpreted as neoplastic astrocYtic cells 
(9. 10). Various mixtures of neoplastic astrocytes and 
oligodcndrocytes were found in mixed gliomas. The oli
goastrocytomas are defined as glial tumors with separate 
areas (compact variant) or mixtures (diffuse variant) of 
two cell types (S). Whereas some authors refused to rec
ognize mixed gliomas as a separate group (II, 12), others 
believed that basically all gliomas would be of a mixed 
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3000 DR Rotterdam. The Netherlands. 

character (13). The latter view was supported by the find
ing of mixed cell populations in experimentally induced 
gliomas (14. 15). although pure astrocytomas and pure 
oligodendrogliomas might be the result of experimental 
tumor induction as well (16). 

Small-sized gemistocytic cells have been recognized in 
oligodendroglia! tumors long before irnmunohistochem
icaltechniques were available (7. S, 17). These cells were 
considered as transitional cells that changed their oligo
dendroglia! morphology into cells with an astrocytic ap
pearance. It was speculated that tumor age, changes in 
vascularity and increase in intmcranial pressure might be 
causal factors for this tmnsformation (5). More recently. 
the application of immunohistochemistry led tO the dis
covery of oligodendrocytes which expressed glial fibrillary 
acidic protein (GF AP) (I S-22) and the term "gliofibrillary 
oligodendrocyte" (GFOq was introduced. while the min
iature forms of gemistocytcs were called "minigemisto
cytcs~ (19). Most authors considered these GFAP-posi
tive cells as true elements of oligodendroglia! tumors (9, 
IS, 21-25). while some classified tumors 'i'lith these cells 
as mixed gliomas (22). Oligodendrogliomas containing 

TABLE 1 
Oinico]Xl.thological Data of Seven P>Jtients 

C»o Sex Ago Localization Di<:~gnosis Grade 

Male 43 Right ]Xl.rietal Oligodendrogliom3 Grade A 
2 Malo 34 Right frontal Oligodendrogliom3 Grade C 
3 Male 31 Left frontal Oligodendroglioma Grade B 
4 Fem3le 33 Right frontal Oligodendroglioma Grade A 
5 Male 40 Right fronto-parietal Oligodendrogliom3 Grade B 
6 Male 60 Left fronto-parietal Oligo-;;!Sttocytoma Grade 2 
7 Female 33 Left frontal Oligo-;;!Strocytoma Grade 2 

The oligodendrogliomas were graded 3ccording to the modified grndinr; system ofSmith (30). while the oligo-3strOC)'tOm;;!S were 
J?.tadcd <Jecording tO the p.,ra.ding system derived from KernOh<ln (31). 
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Fig. 1- Oligodendr~glioma with tr.ltls.ition.:!l cells. In this routine hem:noxylin-nzophloxin stained slide the minigemis.tocytes 
::tre readily recognized (:1rrowheads) between the cl::J.SS.lc oligodcndroglial cells with their perinuclear halos (arrows). For the 
distinction ofGFOC. immunosu.ining for GFAP is necessary: in routine staining these cells cannot be differentiated from their 
GFAP-ncgative counterparts (arrows). (Patient I, hem.atoxylin-azophloxin, x25). 

GFAP-positivc cells.. i.e. GFOCorminigcmistocytc:s, were 
termed transitional gliomas (22). 

At the ultrnstructural level the minigcmistocytes are 
readily recognized by their voluptuous cell bodies. blunt 
cell processes and eccentric, flattened nuclei. In a previous 
study we showed that minigemistocytCS contain charac
teristic dense bundles ofGFAP-positivc intermediate fil
aments in their cytoplasm which clearly separate this cell 
type from the classical gemistocytcs (26). As yet, no ul
trastructural description of the GFOC has been estab
lished, probably because this cell type is only recognized 
afterGFAP immunohistochemistry (15, 27-29). The aim 
of the present study was to describe the ultrastructure of 
the gliofibrillary oligodcndrocytes by using a gold-silver 
enhanced stain for detection ofGFAP immunoreactivity 
on semi thin plastic sections, and subsequently processing 
the adjacent ultrathin sections for immunoclcctron mi
croscopy. Comparison of the ultrastructural features of 
the minigemistocytes wlth those of the GFOC revealed 
a close relationship between these two cell types. 

MATERIAL AND METHODS 

Patient Material 

Biopsy material of sevcn patients with oligodendroglia! viz. 
mixed oligo-astrocytic tumors in which GFOC or minigcmis
tOCyt~ wcre found was sclcctcd for processing for immunoelec
tron microscopy in addition to routine- histology. The clinical 
data of the sevo:n patients are summ:trized in T:tble I. 

The oligodendrogliomas were gr.:~ded according to the mod
ified gradinc scheme of Smith (30). The mixed olig,o-astrocy
tomas were gruded following the gr.:~ding scheme derived from 
Kemohan (31 ). 

Histology and Immunohistochemistry 

Freshly obtaind surgical specimens were processed for par
alfm embedding after fix.ation in phosphate bufTcred formalin 
while part of the material w:ts kept apart tOr immunoelcctron 
microscopy (sec below). Sectionsof5 ,urn were made and stained 
with hematoxylin and eosin. Consecutive sections of the s;:;me 
thickness were used for immunohistochemistry. The primary 
antibody included r.:tbbit :tnti-GFAP ::mtiscrum (DAKO Cor
por.:ttion, Copenhagen. Dcnm:trk) diluted 1:60 in phosphate 

J .\'rurapathol £.,p N<•urol. Vol 51. March. 19'11. 
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Fil!- 2. Since the immunoreaction tak<..-s p].;J.Ce on the cut 
surf.;J.ce while the tissue is within the Lowicryl, either the sold
silver stain or the cellul.;J.r details arc in focus in the photomi
crogr.:~phs. A) Scmithin (1 >tm) section of oligodcndrogliom.;J. 
with GFOC .;J.nd minigcmistocytcs. A GFOC (.;J.rrow) is tagged 
for ultrastroctuml invcstig.;J.tion. (P.;J.tient 1, GFAP-immuno
st:J.ined gold-silver enhanced, countcrstaincd with hem.;J.toxylin-
3Zophloxin, x I 00). B) Ultr.;J.thin adjacent section demonstrating 
the same GFOC as tagged in Figure 2A (arrow). This cell con
tains I.;J.rge bundles of fibments and lacks significant cell pro
cesses. (Patient I. immunoelcctron microscopy stained forGFAP. 
x I. I 00). C) Detail of the cytopbsm of the GFOC from Figure 
2Aand B (frame). The fi!.;J.mcnts.are3rrangcd in parallel bundles. 

J Ncumpathof J;:xp N~urol. Vol 51. March. I'W:: 

buffered sa.line (PBS), pH 7.4. Endogenous peroxidase :~ctivity 
w:~s blocked by treatment with 2% hydrogen peroxide in meth
.;J.noL The two-step indirect immunopcroxidasc technique was 
u..;;ed on dcparaffinized sections preincub;lted with 10% normal 
swine serum diluted in PBS. As the second step .antibody. swine 
.anti-mbbit immunoglobulin Or.) antise-rum conjug:J.ted to horse
radish peroxidase (DAKO) diluted I :50 in PBS was used. The 
incubations were performed :11 37~C in .;J. humidified chamber 
for 30 minutes. Final visuali7..ation W:l:S achieved bv incub:ttion 
with 0.02% di.;J.minobcnzidine (DAB) in PBS .;J.nd 0.075% H,O, 
for 7 minutes in d:lrkness. Control slides in which the primary 
.;J.ntibody was rcpl.aced by PBS always were negative. The slides 
were countcrstained with hematoxylin. 

Neoplastic oligo<icndrocytes were recognized by their round 
or polygonal cy1oplasm borders. l.ack of cell processes. ;:md round, 
centr.:tlly loc:ncd nuclei. The tumor cells showed the typical 
honeycomb texture. The only distinction :~t the light micro
scopic level between the classic oligodendrogli.;J.J cells and the 
gliofibrillary oligodcndrocytcs is the immunoreactivity forGFAP 
of the !:mer. Immunopositivityw.as seen 3S .;J. small perinucJC.;J.r 
rim. The tr.:msition::U cells, or minigemistocytes, are rc.;J.dily rec
ognized in the routine hematoxylin and eosin stain. The Cyto
pl3sm of these cells stains homogenously pink and gr.:~dually 
increases, leaving the nuclei in :.n eccentric position. 

Electron Microscopy 

Fresh tumor ffi.;J.terial was minced into I mm' cubes and fixed 
immcdi3tely in I% glutar.:tldehyde in 0.1 moVL phosph:tte buff
er (pH 7 .2) .;J.t 4"C. The specimens were fixed for 24 hours, 
transferred ;:md stored in 0.1 moVL phosphate buffer for 8 hours. 
and post-fixed in 1% Os04 in 0.1 mol/L phosph:l.te buffer (pH 
7.2) for 12 hours at 4"C. Subsequently, the specimens were 
rinsed in the S.;lme buffer. ethanol-dchydrutcd. ;:md Epon-cm
bcddcd for routine transmission electron microscopy. After ul
trathin cutting, the sections were collected on mesh 100 copper 
grids .;J.nd counterstained with Utitnyl acetate :tnd lead citrate. 
Transmission microgro.phs were made on 3 Zeiss 902 tr.:ms
mission electron microscope :It SO kV. 

lmmunoelectron Microscopy 

For postern bedding immunoelectron microscopy. I mm-' tis
sue cubes were fixed in 0.1 moVL phosphate buffer (pH 7 .2} 
containing 1% .acrolcine and 0.4% glutaraldehyde :It 4QC for 4 
hours. Tissues were tr.:msfcrred .and stored in :1 sucrose buffer 
of I mol!L sucrose in 0.1 mol!L phosph3te buffer (pH 7 .2} with 
I% p.arafonn:~ldehyde at 4¢C until funher processing for Low
icryl embedding as described previously (32). From Lowicryl
embeddcd material scmithin (I ,urn) :~nd .adjacent ultrathin sec
tions were m3dC with glass knives. The semithin sections were 
processed for gold~silvcr <..-nh:~nccd immunostaining for anti
GFAP .;J.S described below. The ultrathin sections were collected 
on carbon-co:~tcd Formv.;J.r·filmcd mesh one hole copper grids. 
The immunological methods for visualization of rabbit anti-

The colloidal gold particles represent immunoreactivity with 
GFAP which 3Te confined to the fil:~ments. (hticnt I. immu
noclectron microscopy stained for GFAP, x 12.000}. 
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Fig.. 3. A) Scmithin (1 ~m) section of oligodendroglioma 
with GFOC. A GFAP-positiveoligodendroglial cell is indicated 

' by the arrow. The volume of its cytoplasmic rim is intcnncdi:lte 
between that of a typic;ll GFOC :md a typical minigemistocyte. 
{Patient J. GFAP-immunostained gold-silver enhanced. coun
terst::tined with hcmatoxylin-a;.:ophloxin. x 100). B) Ultr.:tthin 
adj:J.cent section. The cytOplasm of the tagged cell contains :J. 

large amount of filaments. Besides these filaments. mitochon
dri::t ::trc present in the cytoplasm. (P::nient 1, immunoelcctron 
microscopy stained for GFAP. x 1.100). C) Detail of GFAP
positivc cell from Figure 3A :md B (fr.lme). The filaments arc 
J.rranged in large parallel. intertwisted bundles. The immune
gold lnbcl is associated with the fil:J.ments while the nucleus 

GFAP were essentially as described previously (32). A !0 nm 
colloid<~.! gold·labclcd go;;~t ;;~nti·!";;!bbit ::mtiserum (GAR-10, Au
rion. Wageningen. The: Netherlands) was used as the second 
step. Control sections were incub:ned with PBS. diluted in nor
mal J";;!bbit serum 1:60 in PBS. or the appropriate dilution of a 
simii:J.rmonoclonal ::mtibody nonreactive with rJial tissue. Back
ground staining was ;;~!ways neglir.ibk. 

The semithin (I ,urn) scrtionswere incubated with anti·GFAP 
as the first step. Secondary incubation W<lS done with Auroprobe 
IM GAR·5 nm Au (Aurion). The immunogold-silver enhance:· 
mem was done by macnification of the: gold particles by pre
cipitation ofmeullic silver (Aurion R Gent Developer and En
hancer, Aurion) in d.:Lrkness at room temper.:nure. The slides 
were countersta.ined with bematoxylin·;;!7.0phloxin. 

RESULTS 

Patients and Histopathology 

The patient group consisted of five males and two fe. 
males. The mean age ofthe patients was 39 years v.rith a 
range from 31 to 60 years. Most tumors had a frontal 
localization. The length of preoperative symptomatic pe
riod ranged from two years to one month. 

In three tumors the cell density and the nuclear-cyto
plasm ratio was low. while vascular and endothelial pro
liferation. pleomorphism and necrosis were absent. Sub
sequently these tumors received Smith grade A. In the 
tumors of cases 3 and 5. an increased cell density and 
vascular and endothelial proliferation Jed to the attri
bution of grade B. Two gliomas had a considerable neo
plastic astrocytic component and were subsequently di· 
agnosed as oligo·astrocytomas (mixed gliomas). These 
tumors were graded according to the grading system de
rived from Kemohan (31). Both neoplasms received 
grade 2. 

In the oligodendrogliomas, the GFOC and minigem
istocytcs were present in several areas. In Figure 1 an 
oligodendroglioma v.rith transitional cells is shown suincd 
v.rith hematoxylin*azophloxin. In the mixed gliomas. the 
GFAP-positive oligodendroglia! cells o.s well as the as
trocytic cells were dispersed throughout the tumor. 

lmmunoelectron Microscopy 

At the ultrastructural level, the oligodendroglia! tumor 
cells were characterized by the absence of substantial 
numbers of filaments in the cytoplasm. Most of these cells 
h::id prominent mitochondria. The cells had round or oval 
nuclei. In the GFOC that were selected on semithin sec
tions. the cytoplasm was filled with bundles of filaments 
in parallel arrangement (Figs. 2. 3). There were no other 
characteristics that scp:lrated these cells from the GFAP
negative neoplastic oligodcndrocytes. The minigemisto-

remains free ofirnrnunogold. (Patient l. irnmunoclcrtron mi
croscopy stained for GFAP. x 12,000). 

J Ncuropatho/ £xp i•icurol. Vo/51. March. J'l?;: 
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Fi)!. 4. A) Semithin (I #ill) section of oligodendroglioma 
with GFOC and minigcmistocytcs. A typical minigemistOcyte 
(o.rrow) is seen o.djacent to atypic] (GFAP-ncg.ative) oligoden
droglia! cell (asterisk). The latter has a ckar cytoplasm. In the 
upper left comer an interspersed astrocytic cell with prominent 
cell processes is strongly immunore:tctive for GFAP. (Patient 
I, GFAP-immunostaincd gold-silver enh:1nced. hematoxylin
azophloxin countersuined. x 100). B) Ultrathin adjacent sec
tion. The cytoplasm of the minigemistocyte (arrow) is filled with 
dense bundles of filaments. in contrast to the cytoplasm of the 
oligodendrog!ial cell (asterisk) which shows an electron lucent 
cytoplasm. In the Iauer cell. mitochondria represent the most 
prominent cell organelles. (Patient I. immunoelectron micros-

J Nc.-roparho/ J-:.\p N<•urol. Vol 51. Mau:h. 199:' 

cytes were readily recognized by their more voluminous 
cytoplasm without substantial cell processes and eccentric 
nuclei (Fig. 4). In the cytoplasm large intertwisted bundles 
of filaments were seen (Fig. 48, q_ Rcgulo.rly, cells with 
an intermediate phenotype between that of a GFOC and 
a minigemistocytc were seen (Fig. 3 ). These cells are char
acterized by a round or oval nucleus and cytoplasm dense
ly filled with GFAP-positive bundles of filaments. In se
rial sections, it was confirmed that these cells indeed had 
a cytoplasmic volume between that of a GFOC and a 
rninigernistocyte and, therefore. these cells did not rep
resent superficially cut rninigemistOeytcs. 

In two mixed oligo-astrocytomas GFOC and rninigern
istocytes and cells with an intermediate phenotype were 
seen in some areas. Furthermore. large parts of these 
tumors consisted ofGF AP-negative oligodendrocytes in
termixed with (neoplastic) astrocytes (Fig. 5). The astro
cytic cells had cell processes of variable lengths filled with 
an abundancy of glial filaments (Fig. 5B, q. 

DISCUSSION 

To date, ultrastructural studies have not been able to 
identify uneQuivocal lineage-specific differences between 
neoplastic cells of putative oligodcndrogliaJ or astroglial 
lineage. A variety of ultrastructural features was claimed 
to be preferentially present in oligodendrogliomas. but 
none of these seemed to be specific for oligodcndroglial 
tumor cells (12. 27-29, 33-45). In spite of the incidental 
observation of the entire cytoplasmic occupation by pro
togliofibr:ils in neoplastic oligodcndrocytcs (34), glial fil
aments were not found as a prominent ultrastructUT:ll 
feature of neoplastic oligodcndrocytes in other studies 
(33. 46). Ebhardt et al (44) occasionally found microtubuli 
and cytofilaments in typical oligodendroglia! cells, but 
these structures arc a common finding in astrocytic cells. 

Kamitani et al (27, 28) also reported the presence of 
··grial'" filaments in neoplastic oligodendrocytcs, and 
therefore supposed that these cells belong to the astrocytic 
lineage. The absence ofGFAP in a proportion ofoligo
dcndroglial cells was attributed to the relative scarcity of 
filaments (27). The presence of abundant glycogen par· 
tides and perivascular end-feet was interpreted as addi
tional evidence for the astrocytic nature of some oligo
dendroglia! tumor cells (27). Now, the discrepancies with 
regard to the finding of filaments in neoplastic oligoden· 
drocytcs by different authors can easily be explained by 
our observation that a subset o((light microscopical) oli
godendroglial cells contains dense bundles of filaments 

copy st:lincd for GFAP. x 1.100). C) Dct:ti! ofGFAP-positive 
cell from Figure 4A ::tnd B (frame). The immunogold panicles 
arc associated with the intcnwistcd bundles of filaments. {Pa
tient I, immunoclectron microscopy stained for GFAP. 
X 12,000). 
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£;! (29, 33, 42, 43). Since these gliofibrill:.tr oligodcndrocytcs 
(GFOC) arc defined both with light microscopical and 
immunohistochemical criteria (i.e. reactivity with anti
GFAP antibody), immunoclectron microscopy w:1s re
quired to identify GFOC ::n the ultrastructural leveL Us
ing adjacent semithin GFAP immunost:.tined sections of 
the corresponding tumors, we showed that GFAP-posi
tivc tumor cells wlth the light microscopical morphology 
of GFOC were identical to the cells examined wlth the 
transmission electron microscope. 

A striking similarity w:1s found between GFOC and 
minigemistocytes in that both neoplastic cell types con
tain large bundles of GFAP-positive intermediate fila
ments in their cytoplasm. The presence of cells wlth ul
trastructural features intermediate between GFOC and 
minigcmistocytes indicates that the two cell types arc 
closely related. In a retrospective a.n.alysis of the distri
bution ofGFOC. minigcmistocytes and large classic gem
istocytcs in oligodendrogliomas. wlth special reference to 
prognostic implications of these cells, GFOC were seen 
in combination wlth classic gemistocytcs only if mini
gemistocytes were present (47). Therefore, a transfor
mation ofGFOC into classic gemistocytcs via the mini
gemistocytic phenotype w:.lS suggested. The total number 
ofGFAP-positive cells increased wlth the degree ofma

~ lignancy of the tumor, and the presence of classic gem
istocytes was correlated with significantly shorter survival 
rates, whereas the presence of transition::ll cell types viz. 
GFOC and minigemistocytes did not influence the sur
vival times (4 7). These clinicopathologic observations arc 
supportive for the hypothesis of close kinship between 
the GFOC and the minigemistocytcs. Furthermore, an 
eventual transformation of :.t minigemistocyte into a clas
sic gcmistocyte cannot be excluded. The association be
tween classic gcmistocytes and short survival might be 
explained by the appearance of classic gcmistocytes in a 
later developmental phase of the neoplasm. 

Fig. 5. A) Semi thin (I .urn) section of ;a mixed oligo-:lstro
cytoma. The oligodendrog!i;al cells are free ofimmunostain. The 
interspersed glial processes. however. react strongly for anti
GFAP. A cell with the morpholof')c::tl fe:~tures of an astrocyte 
with intense GFAP-positivity is framed. (Patient 6. GFAP-im
munost:~ined gold-silver enhanced. hcm:r.toxylin :md eosin 
countersbined, x l 00). B) Ultr.;nhin adjacent section. A nco
plastic astrocytic cell and neighboring oligodendrogli:ll cell arc 
seen (from frame. Fig. SA). While the cytoplasm of the oligo
dendroglial cell lacks filaments, the cell processes of the astro
cytic cell arc densely filled with bundles of tilamcnK (Patient 
6, immunoclcctron microscopy sw.ined for GFAP. x 1.100). C) 
Detail ofGFAP-positivc astrocytic cell rrom Figure 5A and B 

No morphological counterpart for the gemistocytic cell 
has been described during normal development of hu
mans or anim.::tls. In developing brain tissue, oligo- and 
astroglial cells arc believed to derive from a common 
precursor cell. In tissue cultures of developing glial cells 
derived from the optic nerve of the fetal rot and the hu
man fetus, it was found that a common glial precursor 
cell may transform into either an astrocyte or an oligo
dendrocyte depending on the presence of fct:.tl calf serum 
in the culture medium (48, 49). The dual character of 
developing glial cells was illusrmtcd by the finding of 
astrocytic features of glycogen particles and glio.l filaments 

(from lrnme. Fig. 58). The filaments arc densely labeled by the 
gold panicles. (Patient 6, immunocleClron microscopy stained 
rorGFAP. x 12.000). 

J N<"uropathol E.~p Nc~rol. Vo/51 . .\larch. 19'>2 
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in cells with the light microscopical morphology of oli
godendrocytes in the human spinal cord and in cell cul
tures of the mouse brain (50-53). In cell cultures derived 
from adult human white matter obtained at autopsy, a 
large increment of the GFAP-positive cell population was 
found along with a significant number of cells expressing 
both the oligodendroglia! surface marker gal:.tctoccrebro
sidc (GC) as well as GFAP (54). Because none of these 
cells incorporated radiolabeled thymidine, a direct meta
morphosis of an oligodendrocytic cell into a cell with 
phenotypical properties of an astrocyte was suggested. 
The transformation was promoted by the addition of di
butyryl cyclic AMP, which provides additional evidence 
for the intcrconvcrtibility of developing astrocytcs and 
oligodendrocytes (54). These in vitro studies illustrate the 
potential for developing glial cells to express astrocytic 
and oligodcndroglial markers simultaneously. 

S. H::.rt MN, Petito CK. Eaile KM. Mixed gliom>~s. C::.ncer 1974;33: 
,34-40 

9. Velasco ME. D:!hl D. Rocssmann U. Gambctti P. lmmunohisto
chcmiC:ll !ocaliz::.tion ofr)ia.l fibril !.:try ucidic protein in human glia.l 
neopl:lsms. Cancer 1980;4$;434--94 

10. Nakagnwa Y. Perentes E. Rubinstein W. Immunohistochemical 
char::.ctcri.-.:uion of oligodendrogliom::.s: An analysis of multiple 
markcT5. Acta Neuropathol (Berl} I986:i!:15--2:2 

I 1. ZUlch KJ. Brain tumoT5. their biology and pathology. New York: 
Springer Publishing Co .• Inc .. 196:5:23-4 

J 2. ZUlch KJ, Wechsler W. ?athology ::.nd classification ofgliom::.s. In; 
Krayenbiihl H, MaspesPE. Sweet WH. eds. Progress in neurological 
surgery. VoL 2. Basel-New York: S. Karger. 1968:1-84 

13. Netsky MG. Experimenul induction and mtnsplantation of brain 
tumors in anim::.Js.. Acta Neurochir (Suppl) 1963:10:46-SS 

14. Zimmerman HM. Brain tumol"$. Thei< incidence and classification 
in= and their experimental production. Ann NY Acad Sci !969; 
1$9:337-59 

IS. Ishida Y. P:llhology of human and experimenul oligodendroglio
mas. E:<.p ?athol !988;36:22 

Recently, the glial precursor surface marker A2B5 was 16. Conley FK. The immunocytoctlemicaJ localization ofGFA protein 
selectively found in oligodendrogliomas. but not in as- in e:xperimenul murine CNS tumors. Acta Neurop:nhol (Bcrl) 1979: 

trocytomas (55. 56). Since the oligodendrogliallincagc of 4
:>:9--

16 
. l . . . 17. Ravens JR. Ad:!.mkiewicz LL. Groff R. Cytology and cellular p:J.-

astrocyt~C tumor cc Is m some miXed ohgo-astrocytomas thology of the oligodendrogliom:l.~ of the b>.~in. J Neuropalhol Exp 
was suggested byimmunostainability for A2B5 (55).A2B5 Neurol I9SS;l4:142-84 

cannot be used as a specific oligodendroglia} tumor cell IS. V:mderMeulenJDM,HouthoffHJ,Ebei~EJ.Glialfibrillary::.cidic 
marker (10, 55. 57). Nevertheless. the immunohisto- protein in human gliomas. Neuropalhol Appl Neurobiol 1978;4: 

chemical studies provide some circumstantial evidence 177-90 
for conversion potency of oligodendroglial into astrocytic 19· MenesesA<?O· ~epesJJ.SternbergerNH. AstrocyticditTerentiation 
. . . ofncopl:l.'<t:IC obgodendrocytes. {Abstrnet) J Neuropathol E:<.p Neu-

hncage under neoplasnc orcumstances. The results of the rol 1982;4 1;368 
present study suggest that in transitional tumors oligo
dendrocytes form a scpara.tc lineage together with the 
GFOC and minigemistocytes. In keeping with data from 
the literature. this lineage might be a reflection of a con
version of neoplastic oligodendroglia! to astrocytic lin
eage. 
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CONCLUDING REMARKS 

prognostic factors 

The puzzling clinicopathological behavior of the oligodendrogliomas, and the difficulty 
in predicting their clinical course, is the consequence of a number of different factors. 
Most importantly, only part of these tumors appear in a morphologically pure form, while 
many oligodendrogliomas contain neoplastic astrocytic cells or transitional cell types. 
Whether oligo-astrocytomas are included or not, the oligodendroglial tumor group 
remains a minority of glial neoplasms. As a consequence, oligodendrogliomas often form 
a minor part of studies which mainly concern astrocytomas. 

Although localization is an important prognostic factor in tumors of the brain - low 
grade gliomas may lead to immediate danger when localized in the brain stem, while high 
grade tumors of the cerebellum may show considerably protracted clinical courses - it was 
only after a rough division in three groups of tumor localization that we obtained 
significant differences in survival times (paper 1). 

Aware of the limitations and insecurities of measuring tumor volume from CT scans we 
divided the volumes in three large groups in order to obtain rough differences in survival. 
The absence of any correlation between tumor size and survival was surprizing indeed. 
From a methodological point of view, assessment of tumor volume at a single point in 
time has an inherently ambiguous relationship to tumor growth rate. It would be more 
meaningful to record the increase of volume in a certain period of time, and correlating 
the change in tumor volume with the survival. It might very well be that slow tumor 
progression (increase in volume) enables surrounding brain structures to adapt to the 
expansion and maintain function, while rapid tumor progression will induce fatal edema. 
The growth rate seems to be independent of actual tumor size. In spite of the absence of 
correlation between tumor size and survival, good correlation between histopathological 
grade and survival was found in the same - relatively small - group of 43 patients. 

In our comparison of the Smith grading system with the scheme derived from Kernahan 
(paper 2) correlation with survival not only of the system of Smith, but of Kernahan too, 
was satisfying, notwithstanding discouraging results of studies in the past, including those 
of Kernahan himself. Statistical analysis showed significant differences in survival 
between the grades of both systems. However, th.e reduction in inter-observer variability 
gained by the system of Smith is the major reason to prefer this latter scheme. 

In the comparison of the grading systems, in the study on the prognostic effects of 
GFAP positive cells, and in the study on the effect of DNA-flow cytometry, the effect of 
the age of the patient on the survival was tested repeatedly. It was found that the survival 
was influenced by the age, but not more than one might anticipate due to of lower life 
expectancy of older patients. No correlation between age and tumor degree was found. 

Because of the conflicting data in the literature concerning the role of mitotic count in 
the biological behavior of the oligodendroglioma, in addition to DNA-flow cytometry the 
mitotic count was determined morphometrically, and correlated with the survival. 
Unfortunately, we were unable to obtain reliable S-phase fraction estimations from the 
DNA-flow cytograms for comparison. Since the mitotic count had a significant effect on 
the prognosis we suggest that this parameter should be incorporated in the grading 
system. Multivariate analysis on the features of the grading system of Smith, viz. 
necrosis, pleomorphism, vascular and endothelial proliferation, cell density and mitotic 
count, should elucidate which factors independently influence the survival times, and 
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result in fu..rther minimizing the number of features necessary for grading. 
The largest study correlating DNA content with biologic behavior in the oligodendrogli

omas was done using a cytophotometric method on a group of no more than 11 tumors, 
with inconclusive results. Therefore, we engaged on a study of a much larger series, 
using DNA-flow cytometry (paper 3). Our failure in correlating the results of DNA-flow 
cytometry in oligodendrogliomas contrasts strongly with results of studies on astrocytomas 
and several non-cerebral tumors. No obvious reason for the absent correlation in 
oligodendroglia! neoplasms is clear. In order to exclude the drawbacks of this technique 
on paraffin-embedded material, as for instance, missing small peridiploid peaks, DNA
flow cytometry should be applied to fresh tumor samples in a prospective study. 

transitional tumor cell types in oligodendrogliomas 

Only tumors with more than 50% of tumor cells with oligodendroglia! phenotype in the 
biopsies were included in our retrospective studies. No samples with as much as 50% 
astrocytic cells were present in the series under study. Besides astrocytic cells with cell 
processes and classic gemistocytes, transitional cell types were encountered in a large part 
of the oligodendrogliomas. The latter cell types are subdivided into the gliofibrillary 
oligodendrocytes and the minigemistocytes. In spite of homologies in immunoreactivity 
between the minigemistocytes and the classic gemistocytes, the striking difference in 
ultrastructure provides evidence that these cell types differ in more aspects than only the 
volume of their cytoplasm (paper 4). Since classic gemistocytes are end-stage cells, 
possible transformation of these cells into minigemistocytes is unlikely. Nevertheless, we 
cannot rule out that rninigemistocytes are able to transform into classic gemistocytes. It 
was shown (paper 5) that the presence of transitional cells had no influence on the 
survival. The presence of classic gemistocytes, however, was significantly associated with 
a less favorable prognosis. This finding confirms reports of classic gemistocytes often 
appearing in high-grade gliomas and glioblastomas, heralding a rapid tumor progression. 
The classic gemistocytes were shown by 3H-T studies to be non-proliferating cells, 
probably metabolic loosers in a competition with surrounding smaller and more aggressive 
cells. Therefore, if minigemistocytes transform into classic gemistocytes, one would 
expect an unfavorable effect of the appearance of minigemistocytes in oligodendroglia! 
tumors as well. In order to explain the Jack of prognostic significance of the minigemisto
cytes, one might speculate that classic gemistocytes are found in a later phase of tumor 
development. 

Finally we have shown in an electronmicroscopic study that GFOCs and minigemisto
cytes essentially belong to the same lineage (paper 6), a!t.'lough reactivity with the newly 
discovered gemistocytic marker Pm43 was not found in the GFOCs. At the ultrastructural 
level, both cell types harbor glial filaments, and what is more, the arrangement of the 
fila.'11ents is alike. These findings are in agreement with our observation that GFOCs are 
often found together with minigemistocytes (paper 5). A gradual increase of cytoplasm 
content would result in the gradual metamorphosis of a GFOC into a minigemistocyte. 
The missing link is still an oligodendroglia} cell with only few glial fUaments in its 
cytoplasm, transitional between the GF AP negative oligodendrocyte and the GFOC. 

The finding of the GFAP-positive cells might be a reflection of increased genetic 
instability of the oligodendroglia} lineage during the progression of oligodendrogliomas. 
Alternatively, oligodendrogliomas may be considered as "null cell tumors" with the 
expression of GF AP as sign of differentiation. This option would imply that the oligoden
droglia! and astrocytic phenotypes are not more than subsequent phases in the develop-
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ment of a glioma. An argument in favor of the theory that an oligodendroglial phase 
preceeds an astrocytic phase is the observation t.~at more often astrocytic cells are seen 
between the cells of an oligodendroglioma, than oligodendroglia! cells are found in an 
astrocytoma. The immunohistochemical and ultrastructural characterization of transient 
cells in oligodendroglia! tumors has enhanced and detailed the knowledge of the group of 
oligodendroglial tumors. Future studies may unravel the stimuli inducing change i.Tl 
cellular differentiation of the neoplastic glial cells. 
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SUMMARY 

Whereas in astrocytomas grading results yielded satisfying clinico-pathological 
correlations, grading procedures were without acclaim in the oligodendroglia! tumor 
group. The reason for this might be that only small series of this uncommon neoplasm 
were studied, and delineation of oligodendroglia! tumors from mixed gliomas or astrocytic 
tumors was hampered with difficulties. 

In order to study the relationship between tumor size and survival, as well as tumor 
size and histopathologic grade, tumor volumes were calculated from the CT-scans of 43 
oligodendrogliomas (paper 1). Although a good correlation between grade and survival 
was shown, no correlation between tumor size and survival or histopathologic grade was 
obtained. 

L'l paper 2 a comparison was made between the traditional grading system of 
Kernahan, and the recently developed grading system for oligodendrogliomas of Smith. In 
a retrospective study on 72 patients the grading results of both systems were related to the 
survival times of the patients. It was found that grading according to both systems yielded 
three groups of patients with significant differences in survival. Nevertheless, the grading 
system of Smith is preferred because of its lower inter-observer error. 

The prognostic value of DNA-flow cytometry and mitotic count was tested 
retrospectively on the paraffin-embedded material of 85 oligodendrogliomas (paper 3). 
The results of the DNA-flow cytometry neither correlated with survival, nor with the 
histopathological grades. The mitotic count, however, had relevance for the prognosis. 
Thus, the mitotic count is a valid parameter for grading oligodendrogliomas. 

In oligodendroglia! tumors the intermediate filament glial fibrillary acidic protein 
(GFAP) is expressed in reactive and neoplastic astrocytes, in classic gemistocytes, and in 
transitional cell types known as gliofibrillary oligodendrocytes (GFOC) and 
minigemistocytes. In a small series of oligodendroglial neoplasms the gemistocytic cell 
types (i.e. the classic gemistocytes and the minigemistocytes) were compared 
immunohistochemically and ultrastructurally (paper 4). Both cell types reacted positively 
with anti-GF AP as well as with the newly developed monoclonal antibody Pm43. 
However, at the ultrastructural level a striking difference in the arrangement of the glial 
filaments was found. 

The hypothesis that the presence of GF AP-positive cells in oligodendroglia! tumors 
might have an influence on the biological behavior was tested in a retrospective study on 
!11 patients (paper 5). Whereas the presence of minigernistocytes and GFOCs did not 
influence the prognosis, the presence of classic gemistocytes was associated with an 
unfavorable clinical course. This finding is in agreement with the ominous reputation of 
these cells in astrocytic tumors. 

In the final paper of this thesis the relationship between the two transitional cell types 
was established at the ultrastructural level, using an advanced method of cell targeting, 
with direct correlation between light- and (immuno)electron microscopy at the single cell 
level (paper 6). Both in the GFOC and the minigemistocyte the same arrangement of 
glial filaments in large interwoven bundles was found. The only difference between these 
two cell types was the larger cytoplasmic volume of the latter. The occurrence of 
intermediate cell types strongly suggests an interconvertibility between GFOC and 
minigemistocytes. 
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SAMENVATTING 

Het in dit proefschrift beschreven onderzoek bestaat uit twee delen. In het eerste dee! 
(publicatie 1, 2, 3) werden histopathologische parameters getoetst op hun voorspellende 
waarde voor het biologische gedrag van oligodendrogliomen. Het tweede gedeelte 
(publicatie 4, 5 en 6) behelst het onderzoek naar de verschillende celtypes en hun 
onderlinge relaties in oligodendrogliale tumoren. 

Publicatie 1 betreft een onderzoek naar het verband tussen tumorgrootte en tumorgraad 
respectievelijk overlevingsduur van patienten met een oligodendroglioom. Het tumor 
volume werd berekend aan de hand van CT scans. Niettegenstaande een goede correlatie 
tussen de graad van de oligodendrogliomen en de overleving, kon - in tegenstelling tot 
vele andere tumoren elders in het lichaam - geen verband tussen tumorgrootte en de 
tumorgraad, of tussen tumorgrootte en de overleving, worden aangetoond. 

In publicatie 2 werd het traditionele graderingsschema van Kernahan vergeleken met 
het specifiek voor de oligodendro-gliomen ontwikkelde graderingssysteem van Smith. In 
deze retrospectieve studie betreffende 72 patienten werd gevonden dat beide graderings
systemen drie patientengroepen met onderling verschillende overlevingscurves onderschei
den. Het resultaat van graderen volgens Kernahan bleek beter dan verwacht op grond van 
literatuurgegevens, mogelijk als gevolg van de relatief grote patientengroep. Het kleinere 
inter-individuele beoordelingsverschil dat werd bereikt met het schema van Smith maakt 
echter dat dit schema prevaleert boven dat van Kernohan. 

In een volgende retrospectieve studie (publicatie 3) werd de voorspellende waarde van 
DNA-flow cytometrie voor het biologische gedrag van de oligodendrogliomen onderzocht, 
gebruik makend van het paraffine-ingebedde materiaal van 85 oligodendrogliomen 
(paper 3). De resultaten van de DNA-flow cytometrie correleerden niet met de overle
vingstijden, en evenmin met de histopathologische graad van de tumoren. Het bleek niet 
mogelijk de S-fase fractie te berekenen. Echter, de morfometrisch bepaalde mitose-index 
bleek goed te correleren met de prognose, en zou betrokken kunnen worden bij het 
graderen. 

Het "glial fibrillary acidic protein" (GFAP) is een cytoskeleteiwit, dat in oligodendro
gliale tumoren tot expressie gebracht wordt door reactieve en neoplastische astrocyten, 
klassieke gemistocyten, en zogenaamde transiti.onele cellen, d. w .z. de gliofibrillaire 
oligodendrocyten (GFOC) en minigemistocyten. In een kleine prospectief verzamelde 
serie oligodendrogliale tumoren werden de klassieke gemistocyten en de minigemistocyten 
zowel immunohistochemisch als ultrastructureel met elkaar vergeleken (publicatie 4). 
Beide celtypen reageerden met anti-GFAP en met de monoclonale antistof Pm43, een 
marker voor myeline van perifere zenuwcellen. Op ultrastructureel niveau bleken beide 
celtypen echter duidelijk te verschillen in de wijze waarop de interrnediaire filamenten 
zijn gerangschikt. 

In een retrospectieve studie betreffende Ill patienten (publicatie 5) werd de hypothese 
getoetst dat de aanwezigheid van GFAP-positi.eve celtypen het biologisch gedrag van 
oligodendrogliale tumoren zou beinvloeden. Hoewel het aanwezig zijn van transitionele 
celtypen geen invloed op de prognose uitoefende, bleek de aanwezigheid van klassieke 
gemistocyten te zijn gecorreleerd met een slechtere prognose. Deze bevinding is in 
overeenstemming met de slechte reputatie van deze cellen in astrocytomen. De minige
mistocyten werden veelal in combinatie met de GFOCs gezien, hetgeen een verwantschap 
tussen beide celtypen suggereert. 
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In publicatie 6 werd de ultrastructuur van de transitionele celtypen met elkaar 
vergeleken, waarbij gebruik gemaakt werd van een elegante methode om dezelfde cellen, 
die met een immunohistochemische techniek gekleurd waren, ook met behulp van 
immunoelectronen microscopie te onderzoeken. Uit dit onderzoek bleek de nauwe 
(morphologische) verwantschap tussen GFOCs en minigemistocyten. Het enige verschil 
tussen de GFOC en de minigemistocyt bleek het volume van het cytoplasma te zijn, 
terwijl met name de rangschikking van de gliale filamenten een zelfde patrocn van 
parallel verlopende bundels toonde. Deze phenotypische overeenkomst suggereert dat de 
GFOC en de minigemistocyt sterk gerelateerde cellen zijn. 
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