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Einddiagnose: oligodendroglioma rechts fronto-parietaal.
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Figure 1A. Scheme of evolution of certain elemenis of the central nervous system serving as key to the
texminology (after Bailey and Cushing) for neuro-ectodermal tumors. (From: P. Bagley: "Further
remarks concerning tumours of the glioma group”, Bull Johns Hopkins Hosp 40:354, 1927).



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
mmors would consist of cells with counterparts known frem 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 1931) (Fig. 1A and 1B).

Figure 2A. Spongioblastic differentiation. This
example of spongioblastic differentiation was
found in 2 case of ependymoma. The tumor cells
are coomected with the endothelial cells by thin
cytoplasmic processes (arrows). (hematoxylin-
eosin, x150).

Figure 2B. Astroblastic d&ifferentiation. The
"astroblastoma” as separate tumor entity bas been
removed from most modern classifications. In
some astrocytomas focal "astroblastic differentia-
tion” may be encoumtered. In contrast to the
spongioblastic differentiation, plump cell proces-
ses (arrows) touch the vessel walls. (hematoxylin-
cosin, x150).
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Figure 1B. "Die Entwicklung der reifen Zellen und ihrer Reifungsstufen aus dem Medullarrohr mit
den dazu in Vergleich gesetzten Hirngeschwilsten”. (From: "die Hirngeschwiilste”, Joh. Ambr. Barth,
1951, Handbuch der Neurochirurgie. Ed. H. Olivercrona and W. Tdnnis. 3. Band: Pathologische Anatomie
der raumbeengenden intrakraniellen Prozesse. Bearbeitet von K.J. Zillch and E. Christensen. Springer
Verlag - Berlin - Gottingen - Heidelberg, 1956, p. 15).

The "pinealoma” of the scheme is drawn as a germ ce]l tumor, which is frequently found in the pineal
region. In figure 9 the "true pinealorpa” is represented. Only two astrocytic variants are shown; the piloeytic
variant (Figure 4) is represented by {part of) the obsolete entity of "spongioblastoma” (Figure 2C), while the
gemistocytic variant is missing in the scheme.



Based on merphologic differences reveal-
ed by impregnation methods of Golgl,
Bielschowsky, Cajal, and del Rio-Borte-
ga, several different tumors of the ner-
vous system were described. In old terms
as "astroblastoma”, "polar spengioblasto-
ma", and "medulloblastoma”, developing
neuroglial cells are recalled (Fig. 24, 2B
and 20).

Unfortunately, glial tumor cells were not
always succesfully matched with deve-
loping glial cells, simply because not all
embryologic counterparts seemed 1o
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
celi, and it was shown that the unipolar
spongioblast does not arise from a bipo-
lar spongicblast. Furthermore, the stem
cell of the oligodendrocyte remained
obscure. Gradually the embryogenetic
theory was overruled by the theory that
tumors are the result of anaplastic chang-
Figure 2C. Spongicblastoma. The term "polar es overtaking a well differentiated tissue

spongioblastoma” was used for 2 twmor with (Bailey 1927, ROUSSy 1928, Cox 1932,
elongated cells arranged in parallel rows. The Scherer 1935, 19 40).

term should not be confused with the old term

"spongioblastoma muliiforme”, that was later Whereas. terms presently ‘}]Sﬁ?d for less
changed into “glioblastoma multiforme”. and differentiated tumors as "glicblastoma”
used for the small-cell anaplastic glioblastomas. and "medulloblastomz™ remind to the
In fact, the occurrence of thin, elongated cells early embryologic theories, only few

within various tumors repeatedly elicited the term
"spongicblast”, the cause of much confusion in
terminology. (hematoxylin-eosin, x60).

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 tw
formation of "tertiary structures”. Influenced by Scherer’s view the embryogenetic
schemes were replaced by new classifications (Table 1, page 32) (Bailey 1927, Carmi-



chael 1928, Roussy and QOberling 1931, Hortega 1932). In 1948 Xemnohan and coworkers
introduced a new classification based on the phenotypes of normal end-differentated glial
cells (Table 2, page 33). They considered the astrocytomas, astroblastomas and glioblas-
tomas as variants of the same group.

"It soon became eviden: thar there is within this tumor-group-complex a

gradual rransition from least malignan: 10 most malignant, throughowur

which the histologic features of the former can be rraced uninrerrupred

into the laiter. We of course saw the same cells which Bailey and

Cushing considered 10 be astroblast, and the variegeted polymorphic

cells and the mirotic figures which are said to characrerise the glioblas-

toma multiforme. However, rather than attempt 1o relate these various

cells to certain stages of the development of the central nervous system of

the embryo, we interpreted them as anaplastic transformations of normal

astrocyres. Therefore on the basis of dedifferentiation or anaplasia thar

is, pleomorphism, hyperchromatism and mirotic figures, we believe thar

these three tumor groups the astrocytoma, astroblasioma and glioblas-

toma multiforme are merely malignant variants of normal astrocyres™

(Kernohan 1949).

Many glial tumors consist of mixtures of cells resembling astrocytes, oligodendrocytes
or ependymal cells. Furthermore, lipidization of tumor cells, myxold and chondroid
changes and forming of cellular whoris are phenomena that may complicate characteristic
histopathological pictures, and may cause difficulties in proper classification (Xepes
1587). Because of the confusing terminclogy 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 himseif,
because he realized thar besides differences in morphology large differences in biologic
behavior shouvld be taken into account. Analogeus with the practice of grading epithelial
tumors (Broders 1926), grading of cerebral neoplasms was introduced. Increasing tumor
grade should parallel more aggressive biologic behavior. Kemohan and Sayre and almost
simultaneously Ringertz developed grading schemes in order to predict the biclogic
behavior of the gliomas (Table2) (Kernohan 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 celis with non-neoplastic cells is established by classifying a tumor. By subse-
guent attribution of a malignancy grade, the degree of dissimilarity of the tumor celis 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 ieast
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 1589).
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



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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of the glia~derived tumors are glioblastomas
(Fig. 32 and 3B). In its "primary form® this tumor is built by small
spindle~shaped cells (reflected in the old term "polar 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 gliocblastomas, which would represent - according to some

About 50 percent

authors ~ the end-stage of various gliomas (Fig. 3B) -

Figure 3B. Pleomorphic glioblastoma ("secondary
glioblastoma”). (hematoxylin—<osin, x60).

mary ghoblastoma"). (hematoxylin-eosin, x60)

The group of astrocytomas accounts for about 30 percent of the total
glioma greoup. Subtypes of astrocytomas, based on cytological differen-

ces, are distinguished (Fig. 4).

Figure 4B. Astrocytoma, fibrillary variant. (bema-
toxylin-eosin. x150)

Figure 4A. Astrocytoma, pilocytic varianf, (hema-
toxylin-eosin, x150)
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CLIGODENDROGLIAL TUMCRS
variants of well-differentiated oligedendrogliomas

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 Hiiler in 1924, A short time later Bailey and Cushing (1929)
introduced the term "cligodendroglioma” 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 te the description of normal oligodendroglia by Del
Rio Hortega and Penfield the neoplastic oligodendroglial cells were described as

"small, with scanty cytoplasm and round nuclei containing abundan:
chromatin. Mitotic figures were very rare. Berween the nuclei was a
delicate fibrillary material which could not be impregnated nor stained
differentially by any method then at our disposal. When degenerared it
formed a honeycomb around the nuclei so thar the cross section had
much the appearance of a section of a woody plant. Scattered astrocyres
were usually presenr” (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).

Cell borders are
clearly visible
between the op-
tically empty
cytoplasmatic
spaces. Charac-
teristic  arcuate
capillaries arz
found between
the patternless
sheets of neo-
plastic oligoden-
drocytes. Calco-
spherites  may
be encountered,

TR e f i and may be a

B L8 TS @ e i By : diagnostic  clue
Figure 12. The classical picture of the oligedendroglioma. The classical in less typica_l
"honeycomb” structure is due to the perinuclear halos, caused by shrinkage of the oligodendroglio-

¢ytoplasm during fixation. (hematoxylin-eosin, x150). mas. since th ey
3

occur less fre-
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The pilocytic astrocytoma (Fig. 43) 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
rilocytic wariant matches a much better prognosis.

Fipure 4C.  Astrocyloma, protoplasmic  variant. Figure 4D.  Astrocytoma, gemistocytic variant.
(bematoxylin-¢osin, x150) (bematoxylin-eosin, x150)

The oligodendrogliomas (Fig.
5) are relatively uncommon neo-
plasms, accounting for 2% to 14%
of intracranial gliomas. In most
schemes the ependynonas (Fig. §)
were  recognized as  separate
group. About the histogenesis of
these tumors much debate exist-
ed. The ependymal spongioblast
(Fig. 23) would be closer in
structure to the astrocytic se-
ries than to the adult ependyma
{Cox 1832, Willis 1948). The
choroid plexus papilloma (Fig.
7) often is indistinguishable
from normal cheroid plexus tis-
sue. A congenital origin of this
highly differentiated tumoris

Figure 5. Oligodendroglioma.  (hematoxylin-cosin, suggestive, although it is not
xi50). exclusively a tumor of child-
heod.

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
neurcectodermal tumors PNET).
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quently in astrocytomas or ependymomas. When invading cortical gray matter, neoplastic
oligodendroglia was often seen crowded around neurcns, a phenomenon termed "perineu-
ronal satellitosis” (Fig. 13).

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

Several vari-
ants of the
classical picture
are met. Muci-
nous material
may be found

am : L within or
between the

Figure I3. Perincuronal satellitosis. Cortical meuroms are surrounded by neoplastic cells,

neoplastic oligodendrocytes. (hematoxylin-eosin, x150). commonly

interpreted as degeneration. Sometimes so
called “signet-ring cells" are found in
clusters, often in combination with
muceid 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 eosinophilic  cytoplasm
could be seen. This usually was an
eccentrically placed, hyalin mass,
bur sometimes displayed a distinct
Jibrillarity” (Burger 1987).

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

The origin of signet-ring cells remains obscure. Another variant cligodendroglioma 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
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Figure 6. Ependymoma. (hematoxylin-eosin, x60). Figure 7. Choroid plexus papilloma. (hematoxylin-
The epithelial propertics are witnessed in perivascular eosin, x60).

pseudoroseties ("kemfrele Hofe™) and clefts ("Epen-

dymschifuehe™).

Semetimes differentiation is encountersed 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. $) consists of primitive
undifferentiated cells, and shoulé also be considered as embryonal
tumor, although it is largely z neoplasm of adolescence and adulthcod.

6 . .
; gﬁf@@- »
-@gw?‘
0:.?-35:«_ Rk

Figure 8. Medulloblastoma. (hematoxylin-eosin. x60). Figure §. Pineocytoma, The “trie pineocytoma™ or
Rosettes (Homer Wrght rosettes) are specific but not "pinealoma” is buill by small cells arranged o strands
often seen. around acellular zones of fibrillarity. The tumor that

was drawn in Figure 1B probably represents 2 germino-
ma of the pineal region. (hematoxylin-coxin, 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 pseudoroseties
in an oligodendroglioma may cause confusion with ependymoma (Fig. 17; compare

Fig. 6).

Figure 15. Fosinophilic granular cells. Voluptuous cosimophilic cytoplasm is seen at
one side of the nucleus. The nuclel are pot flattened. The cytoplasm is filled with
autophagocytic vacuoles. (hematoxylin-eosin, x150)

Figure 16. Oligodendroglioma mimicking 2 polar spongioblastoma. In this oligoden-
droglial variant the twmor cells show a palissading pattern anzlogous to the growth
pattern se=n in polar spongicblastomz (Figure 2C). (hematoxylin-eosin, x60).
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The intracranial schwannoma (Fig. 10) has a predilection for sen-
sory nerves, the acoustic nerve in particular. It is believed teo arise
from the cells of Schwann.

For the diagnosis of the rare ganglion cell tumors (Fig. 11) neo-
plastic neuronal cells are required. These cells are distinguished
from non-neoplastic ganglion cells by their distributiom and cytologic
characteristics.

oo T e

Figure 10. Schwannoma (peurilemmoma, neurino- Figure 11. Ganglion cell twmor. The neoplastic

ma). The "unipolar spongioblastoma” was described as
“neurinome centrale” by Josephy (1924), because the
elongated cells resemble the celis of Schwann. Roussy
and Cherling believed that it was composed of oligo-
dendroglial clements (Roussy 1931). In fact. many
tumeors indicated by "spongicblastoma” were pilocytic
astrocytomas. (Figure 4A) (hematoxyln-eosin, x150).

ganglion cells (arrowheads) lack polarity, are some-
times binucleated, and vary in shape and size. (hema-
toxylin-eosin, x150).
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Figure 17. Perivascular pseudorosettes in an oligodendroglioma. Illustrative for the
overlap in histologic configuration between different glial tumors. (hematoxylin-eosin,
x150).

Anaplastic and polymorphous oligodendrogliomas

The existence of anaplastic oligodendroglial 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
oligedendrocyte (Bailey and Cushing 1926).

Figure 18. Anaplastic oligodendroglioma. High cellularity, promiment nuclear
pleomorphism, high mitotic rate, presence of necrosis, and vascular 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, XKernchan simply
divided this neoplasm into two subgroups (Kernohan 1938, 1949). Ziich distinguished the
classic oligodendrogliomas, the mixed oligo-astrocytomas and the anaplastic (malignant)
oligodendrogliomas (Zilch 1968). The anaplastic oligodendrogliomas characteristically
had areas of anaplasia. When an entire tumor had been iansformed 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 betier differentiated variant and the glioblastoma with respect to the survival
of the patients (Zilch 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 oligodendroglial tumors, was quoted by Rubinstein:

"In the case of a highly cellular and poorly differentiated round-cell
glioblastoma, an oligodendroglial origin may be hard to establish, bur
when In such a rumour many microscopic fields are present thar closely
resemble those of an oligodendroglioma it becomes entirely reasonable to
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).
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Figare 19. Polymorphous oligodendroglioma. Characteristic for a polymorphous
oligodendroglioma is the presence of large, multinucleated giant cells dispersed within a
monotonous oligodendroglial ground structure (hematoxylin-gosin. X603
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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 term "polymorphous oligodendroglioma” is reserved for an oligodendrogiial 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 Zillch (Ziilch 1979). The polymorphous oligodendroglio-
ma is, although undoubtedly genuine, only exceptionally seen (Rubinstein 1985).
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CLINICOPATHOLOGICAL FINDINGS
age and gender

Most cases of oligodendroglioma are diagnosed at ages varying from 35 to 45 years
(Mérk 1985, Ludwig 1986, Earnest 1950, Chin 1980, Horrax 1954). In our own studies
on twe 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 al. 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 fourd in previous studies (Bailey and Bucy 1929, Shenkin 1947,
Reymond 1950, Earnest 1950, Horrax 1954, Roberts 1966, Mansuy 1967, Weir 1568,
Chin 1980, Mdrk 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 encapsularion, and unless they
happen 10 produce jfocal and irritative lesions they may aitain a large
size before they make their presence known - 50 large a size thar their
removal is well nigh impossible” (Bailey and Bucy 1929).

According to Horrax the benign character of 4 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 (Elvidge 1937), the conclusion that surgery would sumulate the tumor
growth was by no means proven (Weir 1968). Obviously, complete removals (read:
removals as radical as possible) yielded favorable survival rates (Earnest 1930, 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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Radiatior: 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 tandomized clinical trial evaluating radiation therapy for oligodendrogiiomas has
never been executed undll now. While some authors reported beneficial effects of
radiation (Sheline 1977, Chin 1980, Leibel 1987, Lindegaard 1987), others disputed
usefulness of additional radiation therapy (Bouchard 1960, Neumann 1978, Afra 1978,
Reedy 1983, Bullard 1587). All studies mentioned have been retrospective and non-
controlied. 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 defineation 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
interstifial or external beam radiotherapy (Hochberg 1980, Lyman 1985, Halperin 1988).
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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 olipodendroglioma was considered as a slowly growing, more
"benign” glioma, with better survival than most tumors of the astrocytic group. The
capricious biological behavior of cligodendrogliomas yielded many c¢ase reports of
patients with a favorable clinical course (Freeman 1962, Solitare 1967, Aebi 1578).
However, with the increasing number of reports on larger series this opinion has been
changed, and the notion of the oligodendroglioma being 2 relative benign tumor is by no
means justified.

In early studies dispropoertionally 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 193Q).
Straightforward malignancy, i.e. short preoperative as well as postoperative periods, was
also reporied (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, Polmeteer 1947,
Shenkin 1947, James 1951, Berkheiser 1956, Xorein 1957, Best 1963, Daum 1963,
Spataro 1967, Minauf 1968, Jellinger 1969, Kernchan 1971, WVoidby 1974, Kummer
1977, Fortuna 1980, Macdonald 1989). Surprisingly, in most cases of oligodendroglioma
with metastases the tumors showed a weil-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 betweesn
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 caiculated 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 TEE OLIGODENDROGLICMAS

In the astrocytomas, the ependymomas and the neurc-astrocytomas, Kernohan distin-
guished four degrees of malignancy (Table 2) (Kernohan 1949). Whereas his grading
system for the gliomas yielded satisfying results in astrocytomas, the scheme was without
success with respect to the oligodendrogliomas. Relatively small series might have been
responsible for the bad grading results. Because of this poor prognostic impact, Kernohan
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 (Xemohan 1938). The distinction between the two groups remained, however,
vague. Zilch 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 tecognized, termed "oligodendroglioblastomas” by Kernohan (Kernchan 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 1851, Afrz 1978). Neumann developed 2
grading system for oligodendrogliomas in which the grades were descriptively defined.
Third grade turnors should still be very well recognizable as oligodendroghiomas, and
were considered not to represent glioblastomas with focal oligodendroglial differentiation
{(Neumann 1678). The system was tested on 99 cases of oligodendroglioma and the
authors claimed 2 good correlation between grades and clinical courses. Unfortunately,
figures to substantiate this success are not found in Neumann’s report.

It would izke until 1983 before 2 new grading scheme for oligodendrogliomas was
presented by Smith and coworkers (Smith 1983). This grading system consisted of oaly
five histopathological features, which all had already been used in earlier schemes. These
particular features were acknowledged because they were "easily recognizable” and were
"among the basic characteristics of malignancy” (Smith 1983). 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 lew, according to the
predominant appearance in the sample. Subsequently, four grades of malignancy were
defined. The lowest grade was attributed if 211 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 resuits with survival of the patients.
The grading results were compared with the results of conventional grading according to
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Kernohan. This retrospective study is reported in paper 2.
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BISTOPATHOLOGICAL FEATURES 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 1578,
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-ghal
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, parficularly in the small biopsies obtained by stereotactic surgery (Kleihues
1984, Scerrati 1987, Paulus 1989). Moreover, histopathological features are not entirely
specific for 2 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 oligodendrogiiomas (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 1586). Pleomorphism in terms of vanability in cellular as well as nuclear size
and shape, was simply scored as present or absent. In the relatvely 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 (Mérk 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 almosi 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 cligodendrogliomas mitoses seemed to be rarely
encountered (Bailey and Cushing 1926), in later series mitoses were commonly seen
(Elvidge 1937, Reymond 1950, Earnest 1950, Homrax 1951, Roberts 1966, Rousta 1572,
Smith 1983, Mdrk 1585). 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 proliferafion associated proteins as Ki-67
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{Gerdes 1985), and proliferating cell nuclear antigen (PCNA) by using of monoclonal
antibodies (Detta 1950). Alternatively, incorporation into DNA during S-phase of
Bromodeoxyuriding or *H-thymidine visualized by immunochistochemistry and autoradio-
graphy respectively, yleld 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 investication of differences in prolifera-
tion between various brain tumors, say, meningioma versus glioma, or glioma versus
ependymoma (Burger 1986, Giangaspero 1987), seems to be redundaat, since differences
in the clinical course are well-known from histopathology. Nevertheless, it was claimed
that

"Measuring the proliferative potential of individual gliomas is essential
because histopathologically similar umors may show large differences in
labeling. Measuring proliferative potential of individual 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 tumeors no correlation between lzbeling index for *H-thymidine
and survival was found (Bookwalter 1986). An explanation was sought in theoretical
determinants of tumor behavior, i.e. aitered ability for growth arrest and differentiation,
constantly evolving mutant sublines, 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 Schréder (Schrdder 1991).

Examining differences in proliferation between tumors of the same histopathological
category could have value in particular when grading reselts 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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TEE PROBLEM OF THE MIXEP GLIAL TUMORS

As early as in the first report on oligedendroglial tumors intermingled astrocytic cells
were noticed (Bailey and Bucy 1929). For tumors composed either of oligodendroglial
cells with foci of astrocyte-like celis, or astrocytomas with oligodendroglial parts, the
term "oligo-astrocytoma” was proposed (Cooper 1935, De Buscher 1942). The occurrence
of gliomas consisting of cells with varicus morphology was explained by the "field
theories” based on results of sarly experimental oncology (Berenblum 1947, Willis 1948):
the carcinogenic stimulus affects the varlous 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 glial
element. The supervention of anaplasia in a glioma with an originally
mixed cell popularion results in a further blurring of the neatr boundaries
of raxonomic 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-
droghal and eventual ependymal component, but these subtypes remained without
practicat significance (Hart 1974).

Qriginally 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 oligodendreglial into astrocytic cells was suggested in various schemes
(Penfield 1924, Ravens 1953, Herpers 1984) (Fig. 20 and 21). The potential of different-
iation into astrocyuc or oligodendroglial 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 "oligodendroglial lineage" of these neoplastic astrocytes.

A problem in the study of oligodendrogliomas is the acceptable proportion of intersper-
sed cells with astrocytic properties. While Mérk 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 (Mérk 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, Miller 1577,
Barnard 1968, Rubinstein 1989).
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A, DEVELOPMENT or NEURCGLIA

Neealan

Figure 2¢. Hypothetical transformation of glial cells. The putative conversion of an
oligodendrocyte into an astrocyte is indicated with a questionmark. (From: "Cytology &
Cellular Pathology of the nmervows System”. Vol. 2, page 450, Ed. Wilder Penfield.
Hafner Publishing Company, New York, 1565).
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?* = development of a mixed oligeastrocytoma from a transitional cell type tumor is conceivable but not supported by this study.

Figure 21. Hypothetical transformation of an oligodendroglioma into an astrocytoma. (From:
M.I.H.M. Herpers and H. Budka: “Glial fibrillary acidic protein (GFAP) in oligodendroglial tumors:
Gliofibrillary oligodendroglioma and transitional oligoastrocytoma as subtypes of oligodendroglioma”, Acta
Neuropathol (Berl.) 64:265-272, 1984, with permission).
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IMMUNOHISTOCEEMISTRY IN OLIGODENDROGLIAL TUMORS
glial fibrillary acidic protein and transitional cell types

Because the anti-GFAP-antibody, raised against S 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 o the demonstration of cell processes in routine stains, astrocytic
differentiation was defined by immunchistochemical demonstration of glial filaments.
Anti-GFAP antibody could be used for assessing the extent of the astrocytic population in
mixed oligo-astrocytomas (Nakagawa 1986). Concemning gliomas, a correlation between
tumor grade and GFAP-content was suggested in several - but not zll - 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 alsc typical oligodendroglial 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, Zilch 1968, Gluszez 1972) - resembled the well-
known classic gemistocytes, which were seen as third GFAP-positive cell type in
oligodendroglial 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 immunochistochemical and ultrastructural
idiosyncrasies of minigemistocytes and classic gemistocytes are described in paper 4.

The GFAP-positive oligodendroglial cells were called "gliofibrillary oligodendrocytes
(GFOC)" (Herpers 1984}. As a sequel of the identification of GFAP positive cells with
oligodendroglial phenotypes, the old concept of transitional cell types revived (Meneses
1982, Herpers 1984, Liao 1984, Ishida 1989). The term "transitional cell types" was
criginally used exclusively for the minigemistocytes, but now it was used for GFOCs as
well. While in some studies the finding of GFAP in cligodendroglial cells was reproduced
(FHamaya 1983), in other studies GFAP was only found in astrocytic elements and never
in cells with oligodendroglial morphology {Eng 1978, Velasco 1980, Tascos 1982). These
contradictory results are simply explained by the fact that GFAP-positive oligodendroglial
cells are not always present in cligodendroglial 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-
glial tumors were discerned. No data concerning the influence of the transitional cells on
the biclogical behavior of the cligodendrogliomas 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 GFAP antibodies some reports on reactivity with
oligodendroglial tumer cells other immunchistochemical markers have been made. The
myelin-associated glycoprotein (MAG) was claimed to be a sclective marker for neoplas-
tic oligodendroglial cells, corresponding with their degree of anaplasia (Szymas 19853).
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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-lew-7. Other
neuroepithelial tumors were also reactive with anti-len-7, violating its presumed specifici-
ty for oligodendrogliial tumor cells. Nevertheless, this antibody might have some value in
differentiating oligodendroglioma invading the meninges, and syncytal 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 oligodendroglial component in mixed gliomas
(Figols 1985).

Recently the monoclonal antibody A2BS5, raised against a glial precursor cell, was
tested on mixed asto-oligodendrogliomas in addition to the oligodendroglial marker
galactocerebroside, and the astrocytic marker GFAP. Positivity of astrocytic cells for
A2B5 led to the conclusion that the mixed gliomas basically have amn oligodendroghal
lineage (Delamonte 1989).

Incubation of oligodendrogliomas with the moncclonal antibody Pm43 was done in
order to trace a possible production of myelin by neoplastic cligodendrocytes. Pm43 was
raised against melanocytes, but coincidentally reactive with myelin sheaths of the
peripheral nervous system (Van Dijk 1986). No positivity in oligedendroglial cells was
found, however. By surprise, the gemistocytic cells were reactive with anti-Pm43. Classic
gemistocytes, which are believed to be astrocytic in nature (although oligodendroglial
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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ULTRASTRUCTURAL FINDINGS IN OLIGODENDROGLIAL 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, Hossmann 1971, Baloyannis 1981, Sarasa 1990}. In the cells of less typical
oligodendrogliomas autophagic vacuoles were found (Takei 1976, Escalona-Zapata 1981).

In the first electron microscopic studies of the cells of classical honey-comb oligoden-
droglicmas 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 (Hossmann 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 cligodendrogliomas by Kamitani
(1987, 1988). A few cytoplasmic fibrils were seen within so-called light-shaded and
medium-shaded celis, both considered as representing oligodendroghial 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 oligodendroglial 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, Cervis-Navarro 1981a, Cervés-Navarro 1981b).

Using a technique of processing adjacent semithin immunostained sections, the various
GFAP-positive cells in oligodendrogliomas could be unequivocally identified and
compared 2t the electron microscopic level (paper 6).
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Bailey aod Cishing Bailey (xga7} Rousay and Oberling (1032}
1. Medulloblastoma - Medulloblastoma Neuraspongiome {gmro:iastom (W right) ( )
- eurogliocytome embryonaire (Masson,
2. Pineoblastoma Gliowa sarcomatoides {Borst)
3. Neuroepithelioma 2. Neuroepithelioma J’Ncuroépit.hcliomc (Flexner)
Retinocytame 3 stephanocytes (Mawas}
LBLL‘.Lome ependymale {Marburg}
4. Spongioblastoma multi- 3- Spongioblastoma Glioblastome Spongioblastoma multiforme (Globus and Strauss)
forme (glioblastoma} multiforme Glio-sarcoma {Ewing, Borst)
(glioblastoma) Gliome 1 petites ccllules (Masson)
Gliome polymorph (Roussy, Lhermitte and
Cornil)
5. Pincaloma 4. Pinenloma Pinealoma (Rrabbe)
Chorigma {Askanazy)
Compound pinsal gland type (Strong)
6. Spengioblastoma 3. Spongioblastome Oligodendrocytome Neurinome centrale (Josephy-Macpherson)
unipolare uzipolare fasciculé
7. Astroblastoma 6. Astroblnstoma (Included in astro~ Neuroblastoma? {Green fisld)
cytomas)
8. Ependymomas 7. Ependymoma (2) Ependymocytome Ependymal glioma
o Epcndymoblastoma ()] Epmdymohl;:omc Glio-ependymome (Masson)
{¢} Epcodymegliome
1o. Astrocytoma fibrillare 8. Astrotytoma Astrocytome Astrocytoma (Ewing)
11, Astrocytoma protoplas- Sternzellen (Stroebe)
micum
2. Oligedendroglioma Oligodendroglioma, Oligodendrocytoma Gliome 3 petites cellules rondes (Roussy,
. Lhermitte and Cornil)
3. Ganglioncuroma Ganglioneuroma Neuregliome ganglionaire

Table L. Classification scheme of neuro-ectodermal derived tumors of the central mervous system. The
number of categories was reduced to ten at a later time. The astroblastomas bave 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 J Pathol 9:847, 1932).
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New (id with new in parentheses
( Astrocytoma (astrocvtcma, grade 1)
Astrocytoma, { Astroblastoma (astroevtorna, grade 2)
grades 1—1 1 Polar spongioblastoma {obsolete)
i Glioblasroma multiforme (astroeytoma, grades 3 and 4)
f Ependymoma (ependvimoma, grade 1)
Ependymoma, | Ependymoblastoma (ependymoma, grades 2—4)
grades 1—4 iNuuroepithc!ioma (obsolete)

Medulloepithelioma (ependymoma, grade 4)

Qligodendroglioma,
grades 1—4

7 Oligedendrogiioma (oligodendroglioma, grade 1)
| Oligodendroblastoma (chigodendroblastoma, grades 2—4)

Neuro-astrocytoma,
grades 1—g

{Neurocytoma

Ganglioneuroma
i - . ade 1)
‘ Gangliocytoma {Neuro-astrocytoma, grade 1)

Ganglioghioma

| Neuroblastoma

[%‘lﬁ;ﬁ] Ef:égzséﬁgoma (Neuro-astrocytoma, grades 2—3)

And others

Medulloblastoma

Medulloblastornsa

Tahle 2. Grades mentioned in a simplified classification scheme for the gliomas by Kernchan 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 drawn in paper 2,
Table 1. (From: "J.W. Kernohan 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 histopatholegic 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 aftributed 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 findings and histology of the
tumors were sought"?. However, staging according to tumor size, relation to the
tentorium cerebelli, the midline and the wventricular spaces never gained practical
importance?®.

Although it has been known 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 oligodendrogliomas™. For oligodendrogliomas the
tradiional grading system derived from Kemohan'’s grading system for the gliomas,
yields poor correlations with clinical course’. Recently, a more practical grading system
for oligodendroglial tumors has been developed, and the value of individual
histopathological features has been evaluated in multivariate analyses’,

In 2 few studies close correlations between the size of gliomas and the clinical course
of the patients have been reported®™!’. 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™, 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
chnical 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
debuildng, the relationship between tumor size and survival of the subgroup of patients,
who had only undergone 2 diagnostic biopsy, was tested as well. Furthermore, the
relationship between tumor Iocalization and tumer 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 internat
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
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ages at first cperation and death

number of patients

5Q-55
ages

B deatn

it first operation

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

TABLE 1
Localizations of the oligodendrogliomas

eft medial
frontal 5 2
frontoparietal i
parietal 4
parietotemporal 2
temporal 3
occipital 1
parietocceipital 1
basal ganglia, thalamus 1 1
brainstem 3

histopathological grading of the oligodendrogliomas

Karnofsky 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  (Tabie 1). The
hemispheric tumor sites were
subdivided into a frontal and
a non-frontai group.

right

The oligodendrogliomas were graded according to the revised grading scheme of Smith
(6,8). In 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.
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Figure 2A. A large partly cystic temporoparietal
tumor pushes the midline structures to the lefi.
There 1s a considerable amount of perifocal ede-
ma.

Figure 2B. This particular cross section of the
tumor 15 delineated on the scan that was taken
without contrast.

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

Figure 2D. In this particular case the tummor look-
ed more extensive after contrast ephancement, and
the areal fraction is larger tham that on the pre-
contrasted scan.

Figure 2E. An example of a CT scan of a small

lesion with homogenous contrast enhancement.

There is only very discrete replacement of midline

stractures.

Figure 2F. The tumor can be delineated without
toe much difficulty, although certainly there will
be tumor cell nfiltrations beyond the delineation.
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guantitation of tumeor volumina

The CT-scans had been made by two scanner types: an EMI-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 velumina were calculated
by summation of the cross secton 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 vanability. Based on tumor volume three
groups were defined, viz. one between 0 and 50 em®, one between 50 and 100 cm®, and
one consisting of tumors larger than 100 cm®, 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 lengih of the preoperative period, and tumor size and patient
age. Analysis of Variance (ANOVA) was used to detect the main effect of the grading
scheme of Smith and of the tumor localization on the survival time. Furthermore ANOVA
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 and those
who were not treated by radiation. A posteriorl testing was done by use of the Student-
Newman-Keuls test using significance at the .05 level.

RESULTS

The volume of the oligodendrogliomas ranged from 2 to 264 cr’. The median tumor
volume was 22 cm?®, while the mean tumor volume was 64.5 cm® (s.e.m. 60.7 cm?). None
of the tumors was multifecal. 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 aimost 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
presenice 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 S tumors
grage B+, i.e. grade B with the presence of necrosis), 3 graded C and 13 tumors were
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TABLE 2
CT scan characteristics of the cligodendrogliomas

Marxgins Density Calesjium Peritumoral edema
sharp unsharp hypo/iso hyper present absent present absent

Tumor =Size

0 -~ 50 em® 28% 21% 14% 35% 12% 37% 28% 21%
50 = 100 em® 14%  12% 12% 14% 14% 12% 19% 7%
100 cn? 7% 19% 16% g% 14% 12% 21% 5%

49% G51% 42% 8% 40 650% 67% 33%

Tumoy grade

a 3% 13%
B/B+ 233 26%
c 5% 5%
D 18% 8%

39%  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 fime between
grade D and the other grades reached statistical significance (p < (.001) (Fig. 3).

Anova did not reveal

survival to Smith' grades significant differences
w oatients between the three groups
00 defined by tumor size

{p =0.5). No correlation
was found between tumor
size and survival time for the
whole group of patients
(r= -0.1383; p = 0.225)
(Fig. 4). Similarly, in the

:‘ seventeen patients who had

PO S s N N only undergone a diagnostic

0 12 24 35 48 80 72 84 9€ 108 120 132 144 156 biopsy without decompres_
survival time (in months) sion by surgical tumor debul-

"""" grade A ——gradeB ---grade ¢ — gradeD king mot even a correlative

trend between tumor size and
Figare 3. Survival to tumor grade. The sumber of patients in the  survival was found (Fig. 5).

respective groups are t0o smzll to yield significant differences in Only in the group of patients
survival times; only grade D differed sigmficantly from the other with 2 grade D tumor the

grades. negative correlation between
tumor size and survival came 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
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Figure 4. Relationship between tumor size (volurnes) 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-
va] time for the patients who underwent only a diagnostic
biopsy without substantial removal of tumor tissue (n = 17).
Also in this subgroup no correlation between tumor size and survi-
val exists.

operation and tumor size (r = -0.16; p = 0.18).

The mean survival time for patients with frontal tumers (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 (@ = &) were 20.07 (s.e.m. 19.61) and 7.30 (s.e.m.
2.8G) 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.

survival to localization

% survival

" L 0 '
0 2 24 36 48 80 vz 84 96 108 120
time (in months)

frontat —— non-frontal («) -~ - decp regions (=)

{+) parietai, temporal, cccipital
{++) basal gangha, thalamuz, brain stem

Figure 6. Relationship between tumor localization and survival
time {n = 43}). The patients with a frontal tumor had a sigmificant
longer survival time than patients with a tumor in a non-fromtal
fegion.

DISCUSSION

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 tumors™**. The method of converting surface to velume by
multiplying surface area with single CT slice thickness was found to be the most practical
and most reproducible means of volume determinafion'>'**%. This method yields a
minor coefficient of variance and is superior te geometric computation based on the
product of maximum diameter and perpendicular diameter, as well as the rectangular
prism or ellipsoid model**'%* However, measurements are less accurate for lesions
with a small volume'™®*_ 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 modalities!® 3%,
Chisholm found an intra-observer variability of more than 10% of the real tumor volume,
and 2 highly significant systematic inter-observer difference in mean value**, Further-
more, the minimal change in tumor volume that could reliably be detected appeared to be
25% of the original volume®™!. 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 biopsy®®. Nevertheless, the length of border trajectories vary between
different gliomas and so within the same tumor. Gliomas of lower malignancy grades
generally show 2 more diffuse growth pattern than neoplasms of higher degrees.
Consequently the lower graded tumors are more difficult to delineate at CT-scan®. On the
contrary, high grade gliomas and glioblastomas often grow as a circumscribed mass,
although a narrow nim of infilrative tumor cells 1s always present™. In the present
study low graded oligodendrogliomas tended to be vaguely delineated, whereas indeed
high grade tumors had a sharp demarcation (Table 2 and Figure 2). This finding is in
agreement with Lee’s results in a study of 35 oligodendroglial tumors™. In contrast to the
clear boundaries at postcontrast CT-scan, the infiltrating malignant glioma cells in the rim
of edema remain unnoticed at CT-scan™. 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
materjal comparisons between CT-scan findings and histopathology have been made!##,
Some authors correlated the scan images with the histological findings in autopsy
brains*4®*%_ Good correlation between image and histopathology has been obtained for
magnetic resonance but not for CT-scans®™*. Among some histopathologic features
vascularity and necrosis were best predictable from the CT-scan pictures in various
studies™ 4% Contrast enhancement is mainly a reflection of damage to the blood-brain
barrier caused by tumor tissue viz. neovascularization®. Since vascular and endothelial
proliferation are features of malignancy in glial tumors™®, 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 indeed®. 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-
sis®. In another study on 21 oligodendrogliomas contrasi 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 outlined®. Also in Lee’s study on 35 oligodendrogliomas increased contrast
enhancement was associated with higher grade tumors”. 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 found”. 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 (Table 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 estumated. As mentioned before, however, changes in
volume of the tumors cannot easily be established on CT-scans®™*. Early postoperative
scans may also be misleading in the evaluation of residual tumor mass because of trauma
to the blood-brain barzier 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 population®,

The main result of the present study is the lack of correlation between tumeor 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 cligoden-
droglioma. Since frontal tumors show significantly longer survival, only localization
would be a relevant factor in climcal staging of the oligodendrogliomas.
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Oligodendroglioma

A Comparison of Two Grading Systems

J. M. KROS, MD,” D, TROOST, MD T C. G. van EDEN, PHD,* A J. M. van GEA WERF, MD. PHD £

AND H. B. M, UYLINGS, PHD"

In order to compare the grading system for oligodendrogliomas described by MLT, Smith (1983) with
the conventional grading system according to Kernohan {1938), specimens from 72 patients were praded
according to both systeras, and survival times of the patients were compared. Survival rates decline in
older patients. No interaction between the age of the patient and the degrec of the tumor was found. No
influcnce of localization of the tumor on survival was feuad. Similar to the system of Kernobaxn, the
grading systesn of Smith distinguishes between only three groups of patients with significantly differest
survival times. In Smith's Grade A and Kernohan's Grade 1 the loagest survivals are found: while in
Smith’s Grade D and Xernohan's Grade 4 the shortest survivals are found. Smith’s Grades B and C as
well as Xernohan's Grades 2 and 3 were intermediate with respect to the survival times of the patieats
and did not significantly differ from cach other, With the independently significant features (cell
density. pleomorphismy, and necrosis) evaluated according to simple on-off scoring, and with the reduc-
tion {rom four grades to three, the pradiag system according to Smith wounld provide a simpic and good,
concise grading system for oligodendrogliomas of the brain.
Cancer 61:2251-2259, 1988,

INCE THE 19208 when oligodendrogliomas were dis-

covered and recognized,! many studies have been
performed to detail the characteristics of patients with
this disease or of the tumors in order to predict the
¢linical course of patients.>® The old idea that the oligo-
dendroglioma is a rather slowly growing and relatively
benign tumor has recently come iato dispute. Among
the many parameters investigated with respect to thera-
peutic decisions and prognostic statements are age and
sex of the patient, as weil as the localization and kisto-
pathologic characteristics of the tumors. The histopath-
ologic properties of the tumor traditionally are consid-
ered 1o be highly importaat with respect to the prognosis
of the patients. However, grading of oligodendrogliomas
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appears 1o be complicated, Modificaztions of the grading
system as described in 1949 by Kernohan for the
gliomas™'* have been used for the oligodendrogliomas
in several medical centers, Nevertheless, many stedies in
which these grading schemes were applied failed to cor-
relate the histopathologic picture with prognosis. The
absence of a reliable stanistical base, for example, not
accounting for the possible dependence between histo-
pathologic characteristics™'? and drawing conclusions
from too small groups of patients,.>”'*'* mght be re-
sponsible for this failure. The need for statistical reliabil-
ity was noted in a study of Schréder.® In 1983 Smith
introduced an aliernative grading system for oligoden-
drogliomas.’ Not more than five hisiopathologic fea-
tures werg 10 be evaluated in classifying an oligoden-
droglioma inie one of the four grades of this system,
Becanse the histopathologic characteristics of his grad-
ing system were scored in a 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 tumorasa
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 evaluaie the cor-
relation of Smith’s grading system with the prognosis of
the patients. Moreover, we wanted to compare this sys-
1em with the more traditional systern based on the erite-
ra proposed by Kernohan 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 oligodendroghomas and to correlate the
respective grades with 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 having oligodendroglioma of
the brain were acquired from the files of the Department
of Neurosurgery at the Acadernic Medical Center of the
University of Amsterdam. Patients had been admitted
to the hospital between 1958 and 1984. We were able to
sampie adequate clinical data and to verify the diagnosis
in 72 of the 101 patients. Mazle 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 with
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 of 72 patients were still
ative, 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
§ 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 betwesn 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 frst operaton. In order to ex-
plore the effects of age on survival the patients were
divided into three comparable groups: patients vounger
than 35 years (31%). patients between 35 and 55 years
(48%), and patients older than 55 years (21%). The effect
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of localization of the tumor was stadied by distinguish-
ing between tumors confined to the hemispheres ($3%)
and tumors located in more basal regions—supraseliar.
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 recxamined
or when necessary, new slides were processed for hema-
toxylin and eosin staining. A tumor was accepted 25 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 ¢ells with perinuclear halos. Two neuropatholo-
gists who were unaware of the correspouding clinical
data, as well as each other’s scores, applied both grading
systems in different sessions to the material in random
order.

The Kernohan grading system adapted for oligoden-
drogliomas consists of the parameters, cell density and
amount of nevropil (cell appearance), pleomorphism.,
hyperchromasia, vascular and endothehal 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 arc already used in Kernohans grading
system—endothelial preliferation, necrosis, cell density,
and pleomorphism. The feature of nuclear-cvtopiasmic
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 histopathelogic vari-
ables of both grading systems. Table 3 shows that Smith
uses one combination of histopathologic features to de-
fine his Grades A, C, and D, and that he lists three
possible combinagions 10 define Grade B. Twenty-four
pereent of the tumors showed a histopathologic piciure
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 oligoderndroglioma
(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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FIG. 1. Age at first operation. Number
of patients distributed according to the age
when the first operation on the tumor, 10
debulk or to decompress, was performed.
Mgen and women are, in this consecutive
order, represented. The number of pa-
Hents in each age group is too small to
identify the shape of the curves as signifi-
cantly biphasic.
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Analysis of Variance (ANOVA) was used for main ¢f-
fects of the grading systems, the effects of patient age,
and localization of the tumor. Testing & 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 loge
transformed before the application of ANQVA. The
correlation between the survival rates of the Kernchan
and the Smith grading systems is indicated with Pearson
correlation coefficients.

Resalts

When the Kernohan grading system was applied, 7%
of the tumors in the total group received Grade ; 32%,

15 20 25 30 35 40 45 50 S5 B0 65 70 75
age (years)

Grade 2; 30%, Grade 3; and 52%, 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 tumeors as
graded according to both grading systems (Table 4).
Fifty-seven percent of the turmors 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
Kemohan than by the system of Smith, while in 15% of

TasLE I, Features and Grading According to Kernohan's Grading System for Gliomas
Grade*

Fentures 1 2 3 4
Cell density +t ++ ++ +4
Neuropil Less than normal ~% - -
Cell appearance MNormal Homeycomb Atypical
Pleomorphism - - -++ ++1
Hyperchromasin ~ - + +
Vascular and endothelial proliferation - - - +i
Mitouce rate - - +¥ ++1
Necrosis - - - +i
Cysts - - Often Often
Calcium + + Less Less

* The most important difference between Grade 1 and Grade 2 isthe
absence of neuropil in the latter. Therefore, Grade 2 shows the classic
picture of an oligodendroplioma with the characteristic honeycomb
structure. The most important differences between Grades 2 5md 3 is
the presence of mitoses and of pleomorphic cells in Grade 3. Grade 4 is
distinguished from Grade 3 by the existence of necrosis, vaseular and

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

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

+ Indicates the main différence(s) between the setual grade and the
preceeding degree.
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F1Gs. 24-2C. {A) Oligodendroglioma in which all five features from
the grading sysiem according to Smith are absent or low, and thus
graded A, Since the features byperchromasia, mitoses, and cysts were
also absent, i was graded 3 | in the Kernohan system (H & E, %230).
(B) Tumor graded B in Smith's system {no necrosis. no endothelial
prolifsration); bowsver. at least graded 3 in the system of Kemohan
because of the presence of mitoses (arrow), hyperchromasia, and
marked pleomorphism (F & E. X350}, {C) This tumor shows endothe-
lial proliferation and pleomorphism rather a high cell density and a
high nuclear-cytoplasm ratie, Since necrosis was found elsewhere in
this rumor, it was gradsd DD in the Smith systera. The amow indicates
one of the microcysts, which are not considered for this grading (5 &
E, %230}
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TasLeE 2. Features and Grading According to Smith
Grade”
Features A B C D
Endothelial proliferation - B e - +
Necrosis - R i - +
Nuciear-cytoplasm ratio - R e e + +
Cell depsity - s i e S + +
Pleomorphism - e A a3 + +

* Grades A, C. and I are defined by onlyv one combination of the
five fentures. Grade B is represented by three combinations as defined
by Smith a0d nine combinattons as found in the present study, three

the patients the opposite was true. The most ¢xireme
differences in grading were found ia the 5% of the Grade
4 tumors in the Kernohan system and Grade B in the
Smith system. and in 3% of the Grade 2 tumors in the
Kernohan system and Grade D in Smith’s systern.

Table 5 lists mean survival times, Patients with Ker-
nohan Grade 1 umors and Smith Grade A tumors had
the longest mean survival rates as compared with the
other grades. Patients with Kernohan Grade 4 tumors
and Smith Grade D tumors both had the shoriest 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 C), The analysis of
variance showed that the Kernohan system (P < 0.01)
and the Smith system (P < 0.001) distingnished between
groups of patients with different survival times. The
Student-Newman-Keuls test, using significance at 0.05,
showed that in the Kernohan system Grade 4 differs
significantly from Grades 2 and 3, and that in the Smith
systern Grade D was significantly different from Grades
B and C. No significant differences in survival rates
could be demonstrated berween Grade 2 and 3 patients
and between grade B and C Patients. Since there were
not encugh padents in the two fowest 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 10 be
highly variable, seemingly showing no relation to tumor
degree. However, the ANQVA showed that the Kerno-
han grades had z significant effect on the variable length
of preoperative symptoms, but only Grades 3 and 4
differed significantly from cach other. Thus, in the Ker-
nokan grading system the period of time between the
onset of symptoms and the operation is shorter for pa-
tients with 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. 4 posteriort testing with a
significance level of 0.05 showed that all three age
groups were different from each other in their mean

without and six with the feature of necrosis,
T~ absent or low; +: present or high.

survival time. The Pearson correlation coefficient calcu-
lated between the ages at first operation and the survival
rates showed a significantly megative correlation
(—04722; 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
iocalization 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 and patients who were treated only by sur-
gery couid be shown.

Discussion

The age distribution shown in Figure | confirms most
of the distributions reported in the literature,®* %16
182224 A biphasic curve in the incidence of the oligoden-
drogliomas 1s also 2 common finding, although it is here
aot found to be of significance. The peak in frontal
localization is also found in all lasger studies. In this
study a majority of tumors were located in the right
hermisphere. A clear lateralization of the oligodendro-
gliomas was also noticed by Ravens, Adamkiewicz, and

TABLE 3. Pereentages of the Towl Group in the Respective

Grades of the Grading Systems
Smith's Report,
Kernohan Smith 1983
I 7% A 6% A 23%
2 326 B 24% -+ 24% B 49%
3 30% C 1% C 2%
4 3% D 35% D 6%

Note: The first two columns show percentages in each grade of the
group in our study; the last column shows the percentages 48 found by
Smith of af. Grade B of the Smith grading system in our group shows
24% tumors, which have a histopathologie picture that s the same as
one¢ of the three pictures strictly defined by Smith for 1s grade: the
other 24% have pictures that were atiributed 10 this grade by us (see
1ex1).
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TapLE4. Marrix of Percentages of Patients as Graded According

10 the G Systems of Kernohan and $mith

Total ro, of patients = 66

4 0% 5% 3% 23%
Kemohan 3 0% 18% A% 8%
2 2% 25% 2% 3%
1 5% 2% 0% 0%
A E C D
Smith

Groff'7 and by Roberts and German.® However, these
authors reported a distinet left side predominance. The
influence of localization on survival rates could not be
found in our study. Ravens er &. mentioned a relation-
ship between the histology of the tumeor and s localiza-
tion in the brain.!” but this relationship has not been
established in later publications. Despite earlicr conclu-
sions.” it recently was demonstrated that there is 2 ben-
eficial effect of radiotherapy on the survival of the pa-
tients whose neoplasms have beea subtotally resected
However, the survival rates of patients who received
adjuvant radiotherapy in our study did net differ from
those of the patients who only experienced an operation.
By applying ANOVA, 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 sherter than that of the younger
patients, From Merk’s analysis in which the survival
razes were corrected for life expectancy based on the age
of the patient. thus eliminating age as significant factor.
it 15 likely that the effect of age is mainly based on this
natural life expectancy.”*¥ 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.”® Since an interaction between these
two factors was absent in our study, we are unable 30
affirm these results. Neither did we find support for the
results of Burger suggesting a correlation between pa-
Hent age and the number of mitoses in the tumor.*
The difference in the distribution of patients among
the grades i our study and Smith’s own report is notice-
able. We classified 6% of our tumors as Grade A, while
Smith classified 23% of his tumors in this group. We

TABLE 5. Mean Survival Rates in Months for Both Grading Systems

Kernoban Smith
Grade Mean® SEM Mean SEM
1. 1220 11L.7 A, 112.5 102.5
2. 66.9 140 B, 77.0 13.3
3 711 218 C. 828 326
4. 347 16.8 D 15.7 25

SEM: standard error of the mean.
* Mean survival rates are gven from the Gme of the first operation.
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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
aumbers 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 Muller'® that the histopathologic picture
of an oligodendroglioma weould develop from 2 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 1o 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 distinet delineation from
the C group couid not easily be made. Furthermors, 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.! 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 Merk and Burger identified necrosis
as an independent, significant feature in prognosis.*™°
Nelson concluded from his research ¢n astrocytomas
that necrosis was a clear, significant factor in progacsis
for this type of tumor.” In the grading svstems of Smith
and Kernohan 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-
tdents with Grade A. B. or C oligodendrogliomas, The
same was found with respect 1o the Kernohan grading
system. Necrosis is one of the features in six 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 2 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 distinet grade in
which many diverse histopathologic pictures can be
found.
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FiG. 4. Survival rates to age, Each pa-
tent is represented by a drcle. The ten-
dency of shorter survival with increasing
age is clear. In the present study this trend
was found to be independent of tumor de-
gree and localization (P < 0.001).
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In the large study by Merk et 2l **7 20 histopatho-
logic features of 208 oligodendrogliomas were analyzed,
and by applying & multivanate analysis, cell density,
DECTOSiS, microcysts, and possible subpial infiltration
were shown 10 have independent prognostic signifi-
cance. Pleomorphism is the only feature identified by
Smith as being significant in terms of progaosis.®! In the
recent report by Burger ef al* 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 hyperirophy 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 ¢onsidered in the grading systems of
Smith and Kernohan, both systems use necrosis, cell
density, and pleomorphism. The Kernohan-derived sys-
tem also lists {micro)cysts, which is a significant feature
according 10 Merk,” 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 Merk's study. In addi-
ton to the microscopic histopathology, Merk 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
as seen by the neurosurgeon. and calcification as seen on
radiographs of the skull,***” Despite the last macro-
scopic feature, Merk does not mension 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.® It is con-
cluded from. our statistic analysis that both grading sys-
tems contribute in predicting the suzvival time of a pa-
tient. With further analysis it was found that neither the
grading, system of Xernohan nor the newer system of
Smith ¢an 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 1s that it
reduces the histopathologic features. Recent literature
makes legitimate four of the cight features used in the
Kemohan-derived system, and three of the five features
used in the Sruith grading system. A second advantage
of Smith’s system 1s that it simplifies grading by scoring
the features in a simple on-off schedule. The four grades
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of Smith's system could be reduced to three by combin-
ing the features of Grade C with those of Grade B. The
presence of necrosis alone does not justify the highest
degree for 2 particular tumor. Grade A should be te-
served for a tumor in which afl features are found to be
low or absent. but a significant distinction of this grade
frora the higher grades could not be shown in our study.
The age of a patient does sipnificantly affect survival,
but probably no more so0 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
Cvtometry in the Oligodendroglioma

J. M. Kros, MD,” C. G. van Eden, MD, PhD,t C. [, Vissers,* A. H. Mulder, MD, PhD *
and Th. H. van der Kwest, MD, PRD*

In a retrospective study of 85 cases, the prognostic value
of DNA flow cytometry in oligodendrogliomas was evalu-
ated. Parafin-embedded material was processed for flow
cytometry, and the survival rates of the patients with
DNA diploid, aneupicid, and tetrapleid tumors were
compared using analysis of variance. In addition, the mi-
totic index was correlated with the results of low cytome-
iry. Finally, the resalts of flow cytometry, histopatho-
logic grading, and counting miteses were tested for de-
pendency.

Thirty-one percent of the tumers were dipleid, 39%
were letraploid, and 31% were aneuploid. The results of
the DNA Sow cylometry &id not correlate with the sur-
vival times (P = 0,798} or with tumor degree. In contrast,
the pumber of mitoses {P < 0.05), and the grades of the
grading system of Smith (P < 0.003) had relevance for the
progeosis. No correlation between flow cylometry, histo-
pathelogic grading, and mitotic index was found.

It is concluded that flow cytemetry has ne value in
predicting the biologic behavior of oligodendrogliomas,
whereas the number of mitoses is 2 valuable prognostic
parameter and thus is considered to be incorporated inte
the grading system for oligodendrogliomas. Cancer 1992:
69:1791-1798.

Qligodendrogliomas represent a subgroup of glial tu-
mors in which histopathologic grading has been a mat-
ter of controversy. The original grading system for the
gliornas developed by Kernohan and coworkers yielded
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poor comelation with the survival times of the pa-
tients.” Therefore, histopathologic features with inde-
pendent prognostic significance have been sought,**
and a new grading system exciusively for oligoden-
drogliomas was developed by Smith et al.®

In a variety of tumors, DNA fiow 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.”*! The aim of
the current study was to explore the value of DNA FCM
for prognostic predictions in oligodendrogliomas. In
gliomas, the results of DNA FCM in predicting survival
times of patients have been controversial.**™* The larg-
est survey comparxing DNA content with biologic behav-
ior specifically dealing with oligodendroglial tumors
was done on a series of no more than 11 tumors.* Obvi-
ously, the results were inconclusive.

In the current retrospective study of 85 oligoden-
drogial 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 tumer 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 resuits
of FCM.

Materiz!l 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 suffident amount of paraffin-embedded ma-
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Figure 1. Age distributions at the time of the first operation (shaded
bars) and the time of death (black bars).

terial to perform fow cytometry 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 fimes were calculated as the time
interval between first operation and death. The mean
age at time of first 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 matexial of a second biopsy was processed.
All patients underwent excisional biopsies for decom-
pressing or debulking purposes. The localizations of the
tumers 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 chemotherapy.

Preparation of Nuclear Suspensions ard
Measurement of DNA Content

Three or four 50-um sections of representative blocks of
paraffin-embedded tumor Hssue 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 additional 5-zm
sections were made for light microscopic evaluation.
From the 50-um sections, suspensions of nuclel were
processed by the method of Hedley et al.’% The slides
were deparaffinized and rehydrated. After rehydration,
the tissue was transferred to a test tube containing  ml
of 0.5% pepsin (0.9% saline adjusted to pH = 1.5 with
0.02% azide) and incubated for 1 hour at 37°C with
repeated vortexing. The tubes were centrifuged (2000

75

rpm) during 10 minmutes and resuspended in Hank’s bal-
anced salt solution containing 50 xg/ml ethidium bro-
mide. The samples were filtered through a 40-um 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 Content

The ploidy of the tumor sample was estimated by DNA
index as being the ratio between the modal channel
mumbers of the first and the subsequent peaks in the
sample, A sample was defined as DNA diploid if there
was a single G0/GI1 peak, and the DNA index had 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 Oligodendrogliomas

From the histopathologic features that were scored, five
features were used for grading the oligodendrogliomas
according to the grading system developed by Smith ¢f
al.* and outlined by Kros et 2l.'” In this grading system
the features of endothelial proliferation, necrosis, nu-
clear-cytoplasm ratio, cell density, and pleomorphism
are scored in a simple on-off manner, If all features are
absent or low, the tumoris Grade A, and if all are pres-
ent or high, the tumoris Grade D. All of the other com-

Table 1. Localizations of the Oligodendrogliomas
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binations of features are scored in the middle groups (B
and C), whereas Grade C is 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 comected
for cell density per three high-power fields (hpf; objec-
tive 40x). The scores were arbitrarity grouped in three
categories (i.c., a category of less than one mitesis, &
category of more than five mitoses, and an intermediate
category).

Statistical Aralysis

All tests were performed by the Statistical Package for
the Sodal 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 posterior! (Student-Newman-Keuls
test) was done to elucidate differences between individ-
ual grades. Because the frequency distibution 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 Cramér’s contingency coefficient procedure.

Results

Twenty-six (31%} of 85 tumors had 2 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 vazia-
tion of the first peak (G0 /G1) 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 various 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 $-phase fractions failed
in the majority of the samples because of the relative
high coefficient of variation values or short S-phase tra-
jectories.

The grading results related to the survival data are
listed in Table 2, and thé survival curves are plotted in
Figure 4. ANQVA revealed that the grading system of
Smith distinguished groups of patients with significant
differences (P < 0.001) in survival fimes. The & pesteri-
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ori Student~Newman-Keuls test showed differences be-
tween Grades A and D and Grades B and D.

In 26% of thé 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 shown in Figure 5. ANOVA revealed signifi-
cant differences (P < 0.0038) between these groups. A
posteriori testing {(Student-Newman-Keuls) showed sig-
nificant differences between the survival rates of the
patients with less than one mitosis per 3 hpf and those
in the other two groups.

No, dependencies between the results of FCM and
of histopathologic grading (Craméer’s contingency coef-
fAcient = 0.437), FCM and mitotic count (Cramér’s
contingency coefficient = 0.221) or between grading
and mitotic count (Cramér’s contingency coefficient
= 0.320) were found (Table 3). Thus, correlations be-
tween the results of FCM, histopathologic grading, and
mitotc score are not shown, -

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

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 Grst
and the second biopsy are shown in Table 5. In 33% of
the cases the tumors had the same DNA fow profle in
the first 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 (Table 5). No DNA di-
ploidy was found after DNA aneuploidy in the frst
biopsy, and no tumors displayed DNA aneuploidy after
initial DNA diploidy. No consistent refation 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
vielded satisfactory prognostic correlations that were
comparable to those found i an eardier study on a dif-
ferent patient population.’”” In the meantime, histopath-
ologic features with independent prognostic signifi-
cance have been revealed by multivariate analyses.*™®
Thus far, only Burger et ol * identified the mitotic index
as a relevant prognostic factor. Nevertheless, mitotic
counts have not been incorporated in Smith’s grading
system, The results of the current study suggest that the
mitotic count should be incorporated in the grading
system for oligodendroghiomas.

The value of fiow cytometric DNA assessment for
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Figure 2, DNA flow cytograms in oligodendrogliomas. (Top) Oligodendroglioma Grade A with iss diploid DNA flow histogram, (Middle)

Oligodendroglioma Crade B (notice mitotic figure in the center) with 1ts aneuploid DNA flow histogram, {Bottom) Oligodendroglioma Crade
C (notice high pleomorphistm) with its aneuploid DNA flow histogram.
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Table 2. Survival Times of Patients Grouped Accoxding
to Results of DNA Flow Cytometric Study,
Histopatbologic Grade, and Mitotic Index

Resalts of
DNA~
FOML
grading
md ing Survival time (mo}
mitoses  Mediar Mean = SEM Range
Flow cytometric study
Diploid 31% 145 25+ 529 33
Tetraploid 39% 21.0 35+ 572 104
Aneuploid 31% 215 46 B45 139
Histologic grade
(according to
Smith ¢t al%)
A 2% 610 53+ 954 133
B 31% 30.5 4i=x 629 103
B+ 20% 16,0 33+ 806 100
C 8% 11.0 211125 79
D 19% 4,0 10= 395 &1
Mitoti¢ index
Mitoses = 0 26% 41.0 48x 789 138
Mitoses -5 57% 10.0 23= 405 89
Mitoses > 5 17% 12.0 27+ 892 100

predicting the dinical behavior of tumors has been ex-
plored in a variety of neoplasms.™ %2 Most studies
weze done on fresh tumor material, but techniques for
saccessful application of fow cytemetry on parafin-
embedded material have been developed. ™% Despite
disadvantages of using paraffin-embedded material,
such as decreased fluorescence intensity, a higher intez-
sample variability, and the risk of missing peridiploid
DNA aneuploid peaks because of increased coeficient
of variation, in a variety of tumors DNA fow ¢ytometry

survival rates for flowcytometric groups

* of patlents
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Figure 3. Survival rates for the three groups of patients according to
the results of DNA Sow cytometric study. No significant differences
between survival times of any one of the three groups were found.
The patients with aneuploid histograms tended to survive longer
than those with euploid histograms.,

survival rates for smith grades
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Figure 4. Survival rates for patients with tumors of different grades.
Although all curves run separately, significant differences were
found only between the curve of Grade D and those of the other
grades.

on paraffin-embedded material proved to be a valuable
teol in predicting survival rates.”* In earlier studies on
intracerebral tumors, and glial tumors in particular, nu-
clear count and nuclear area fraction seemed reliable
prognostic parameters.”™ > The rapid charactexization
of glial rumeor ¢ell populations by means of FCM faciii-
tated objective quantification.® In a study by Coons et
al.” on 32 astrocytomas, almost all patients with DNA
anetploid tusmors had short survivals. Althoughin 67%
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.™ In a study of $0 intracranial
tumors, Lehmann and Krug® found a correlation be-
tween the degree of malignancy and DNA ploidy pat-
tern,
In a study by De Reuck et al.' using cytophotome-
try on 200 cells of each sample of 11 cases of oligoden-

survival rates for mitotic index

*% ¢f patienta
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Figure 5. Survival rates of patients with tumors with different
mitotg index. Parients with tumors without mitoses {per 3 high-
power feids, X40) had significantly better survival times than those

in whom mitgses were fourd.



CANCER April 1, 1992, Volume 69, No. 7

Table 3. Matrices Matching the Reselts of DNA Flow
Cytometric Study, Histopathologic Grade, and
Counting Mitoses

Grades {according to Smith ot al'}

A B B+ C I2 Total
Flow cytornetzic
study
Diploid & 11 1 1 7 26
Tetzaploid 3 12 11 5 2 33
Aneyploid 10 3 5 1 7 26
19 26 17 7 16 85
Mitoses
[ 1-5 >5 Total
Flow ¢ytometric
study
Diploid 8 17 1 26
Tetzaploid 8 19 & 33
Aneuploid 6 12 8 26
22 48 15 85
Grades (accordiag to Snith of al}
A B B+ C o Total
No. of mitoses
0 12 8 2 0 0 22
1-5 7 15 7 7 12 48
>5 a 3 8 0 % 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 pattemns. Despite
the small numbers, it was concluded that aneuploidy
corresponded with a bad prognosis.* Because the DN A,
flow patterns of two oligodendrogliomas were homolo-
gous with those of benign intracranial tumors, whereas
some anaplastic oligodendrogliomas showed an aneu-
ploid pattern siznilar to that seen in glioblastomas, Fre-
deriksen et 4. 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 &% In the current
study of 85 oligodendrogliomas, we were unable to
confizm 2ll of these results, However, the curent find-
ings are compatible with the findings of imenez et al. ™
and Mark and Laerum,* although these authors alse
studied comparatively small tumbers of oligodendrog-
Lal tumors,

In cytogenetic studies of gliomas, numerical devia-
tions in a vaziety of chromosomes were found ™ Jt
was shown that some numerical chromosomal devia-
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Table 4. Results of DNA Flow Cylometric Stedy and
Grading In 20 Successive Biopsies

L3y
Sex/age{yry  First biopsy {mo) RT  Second biopsy
F/59 T. grade B+~ a4 + D, grade D
M/53 D, grade B 12 + D, grade D
M/6 T. grade B+ 13 + D, grade B+
M40 T, grade B 13 + D, grade B
Fr4l A, grade A 15 + T. grade C
M/20 D, grade A 17 + T. grade B
M/27 T, grade B+ 21 - T.grade B
M/60 T. grade B 23 - T, grade B+
M /45 A, grade A 24 - T, grade B+
M/26 T, grade C 27 + D, grade B
F/30 D, grade A 31 + T, grade B+
F/37 A, grade A 36 + A, grade B
F/31 D, grade B 3z - T, grade B+
F/32 D, grade B 3 + D, grade B
M/37 T, grade B 45 + T, grade B
M7 D, grade B 54 + T, grade B
M/50 A, grade A 72 - T, grade A
M/32 T.grade 8 55 + A, grade B
F/43 A, grade B+ 79 + T, grade B
M/33 D, grade B+ 82 + T, grade B+

&T: tizne interval between first and second operation: RT: radiation therapy: To
tetraploid DNA fiow cytogram: +: treated with ndianon therapy i additon
to surgery; D diploid DNA flow cytogram: Az aneupiod DNA flow cytogram:
—: not treated with mdiation therapy.

* Resules of grading according to Smith et al.*,

tions in gliomas gave rise to the occurrence of DNA
aneuploid (namely, near diploid or near tetraploid)
DNA, histograms.™ Because in the current study of oli-
godendrogliomas the average survival times of patients
with aneuploid turmers tended to be better than those
with euploid tumors, a link 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 Iy retrospective studies of paraffin~embedded
material.

Although it is suggested in epithelial tumors™ and
in simulated biologic settings,™ the concept of turmor
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

Flow Sytometry Flow cytometry results of first biopsy

of second biopasy  Diploid (%) Tetrapleid (%) Areuploid (%)
Diploid 8 (2 of 24) 17 {4 of 24) G
Tetraploid 29 (7 of 24) 21 (Sof 24) 17 {4 of 24)
Aneuploid 0 {1 of 24) 4{1lof24)
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Table 6, Matrix Matching the Grading Results of First and Second Biopsies

Grading resrdts Geading resalts of frst biopsy

of second Biopsy A (%) B (%) B+ (%) C (%) O (e
A 4(1of24) 0 0 9 0
B S (20f24) 29 (7 of 24) 8(20f 29) 4 (1 of 29) 0
B+ S(20f24) 13 (3 of 24} 13 (3 of 24) 0 0
¢ 4(10f24) 0 0 0 0
D 0 4(10f 24) 4 (1 of 24) 0 o

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 second biopsies
of the oligodendroglial tumors (Tables 4 and 3). Al-
though sampling errors may be responsible for differ-
ences in flow cytograms of repeated biopsies,™ it was
demonstrated in the cwrent study that most tumors
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 comrelation between prolifer-
ating <ells and the tumor grade or survival ime was an
invariable finding.*** 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.* 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 varation in coefficient of variation
values.

From the current results it is concluded that DNA
FCM has no prognostic relevance in cligodendroglio-
mas, so DNA FCM should not be added to, or replace, a
grading system for these tumors. A mitotic index should
be considered as part of the grading system.
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Ultrastructural end Immunchistochemical
Segregation of Gemistocytic Subseis

JOHAN M. KRCS, MD, STANISLAY Z STEFANKO, MD, PrD,
ANTON A W. pE JONG, CORNELIS C. J. van VROCNHOVEN,

ROY O. vaN DER HEUL, MD, PHD, AND
THEODQORUS H. van pER KWAST, MD, PHD

Gemistocytes are frequently encountered in cases of reactive gli-
osis as well av in glial twmeors. Recently. miniature forms of
gemistocytes {minigemistocytes) were recognized as ceilular con-
stimwents of oligodendrogliomas. Antibodies specific for the in-
termediate filaxents glial fibrillary acidic protein and vimentin
are reactive with gemistocytic cells, but do not react specifically
with these cells. In a study of 23 ghial tumors we found the meno-
clonal antibody Pm43 selectively reactive with the classical
gemistocytes as well as with the minigemistocytes. Nevertheless,
at the ultrastruetural level a seriling difference in the arrange-
ment of the glial fllaments between both gemistocytic cell types
was found. Immunoelectron microscopy showed that the reactiv-
ity for the newly discovered gemistocytic marker Pm4d was con-
fined 0 identical intermediate fi Despite i
chemical homology, a clearly different ultrastructure divides
classic gemiglocyies and minigemislocytes into two subsets. Hum
PaTOL 22:33—40. Copyright © 1991 by W.B. Saunders Compasy

Tt

In the beginning of this century the German his-
topathologists Franz Nissl and Alois Alzheimer de-
scribed “factened giial cells™ with only a few short pro-
cesses among a vast variety of pathologically changed
gha,' They called these cells “gemistete Glia™, a term
which readily became “gemistocytes™ in the English
literature,* With their round or shghtly oval outline,
milky cytoplasm. and flattened eccentric nucleus.
these celis were found in reactive processes in brain
tissue as well as in glial neoplasms. Tumors almost
exclusively consisting of gemistocytes were referred
0 as gemistocytomas.® Gemistocytes were never en-
countered in normal or developing ghal tssue,

Several authors regarded gemistocytic cells as the
smaller members of a family of large glial cells.>+% 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
muclel.? Recently, the term “minigemistocytes™ was in-
troduced for glial fOibrillary acidic protein-(GFAP)
positive cells resembling small gemistocytes in oligo-
dendroglial tumors.*®!!

Several markers. including ant-GFAP and anti-
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vimentin, are known to react with classical gemisto-
cytes,®13 but not specifically. In preliminary studies
Pm43, an andbody that reacts with a component of
myelin, ' reacted specifically with gemistocytic cells in
ghomas.

Although the electron microscopic features of
classical gemistocytes have been described, 120 the ul-
trastructure of the minigemistocytes has not yet been
reported, Therefore, we made an immunchistochem-
ical as well as an ¢lectron microscopic comparison
between the dassical gemistocytes and the newly rec-
ognized minigemistocytes. In addition, we used im-
munoelectron microscopy to visualize reacuivity for
ant-GFAP, ant-vimentin, and ant-Pm43 antibody at
the ultrastrucrural level,

MATERIALS AND METHODS
Patients

Biopsy material from 23 patients with 2 ghioma of the
brain and from three patients with reactive gliosis due to
hypoxia without tumor was processed for routne histology.
immunohistochemistry, electron microscopy. of immuno-
clectron microscopy. The pafient group consisted of 13
males and 10 females, Their ages ranged from 8 to 63
years. The mean age was 45 years, A predominantly frontal
localization 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 lmmunchistochemistry

Freshly obtained surgical specimens were routinely
processed for paraffin embedding after fixation in buff-
ered formalin, and small samples were rapidly frozen in
chilled isopentane and stored in liquid nitrogen undl fur-
ther use. Immunchistochemisiry was done on paraffin-
embedded material or on acetone-fixed frozen sections of
5-i thickness. Consecutive hematoxylin-azophloxin—
smined slides were made as well.

As in the original study by Van Dijk et al.} Pm43 was
found to be selectively reactive with the myelin of the pe-
ripheral but not the ¢entral nervous system in formalin-
fixed tissues. Furthermore, only melanocytes were weakiy
positive, whereas the epithelial. muscular, and mesenchy-
mal components of other tissues did not show reactivity
with this antibody.' Primary antbodies included rabbit
anti-CFAP antiserum (Dako Corporation, Copenhagen.,
Denmark), diluted 1:60 in phosphate-buffered saline pH
7.4 (PBS). rabbit anti-vimentin antiserum (Diagnostic Prod-
uct Gorporation, Witney, UK). and mouse monodonal ant-
Pm43 antbody (ascites diluted 1:2,000 or 1:4,00C i PBS).
For detection of reactivity with the primary rabbit ant-
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bodies, the two-step indirect immunoperoxidase technique
was used on deparaffinized sections preincubated with 10%
normal swine serum diluted in PBS. As 2 second step anti-
body swine-anti-rabbit immunoglobulin {Ig) antiserum con-
jugated to horse-radish peroxidase (Dako Corporation) di-
luzed 1:50 in PBS was used. For detection of reacted mono-
clonal Pm43 antibody. rabbit anti-mouse Ig antiserum
conjugated to horseradish peroxidase (Dako Cerporation)
diluted 1:100 in PBS contuning 1% of nonimmune rabbit
and human serum was used. Alternatively. the avidin-
biotin-peroxidase complex method was used 1o enhance im-
munostaining for Pm43. Incubation with the biotinylated
rabbit anu-mouse Ig (Dako Corporation) diluted 1:400 in
PBS was followed. after washing, by a 30-minute incubation
with avidin and bictnylued peroxidase complexes (Dake
Corporation). In control slides the primary antibody was
replaced by PBS. All incubations were performed at 37°C in
a humidified chamber for 30 minutes. Prior to incubations,
endogenous peroxidase activity was blocked by trearment
with 2% hydrogen peroxide (H.O.} in methanol. Rinsing
excess antibodies or conjugrites was done by three washes of
5 minutes’ duration in PBS. Final visualization was achieved
by incubation with 0.02% diaminobenzidine in PBS and
0.075% H,0, for 7 minutes in darkness, After washing
with aquadest the slides were slightly stained with hemarox-
ylin in order to recognize the cellular morphology.

FIGURE 4.
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Electron Microscopy

For electron microscopy, freshly obtained umor ma-
terial from five cases of tumor with oligodendroglial zs well
as astrocytic parts (mixed oligodendrogliomas-astrocy-
tomas) was minced into I-mm® cubes and immediately
fixed in 1% glutaraldehyde in 0.1 mol/L phosphate buffer
(pH 7.2) ar 4°C. The specimens were fixed for 24 hours.
transferred and stored in 0.1 mol/L phosphate buffer for 8
hours, and post-fixed in 1% OsO, in 0.1 mol/L phosphate
buffer (pH 7.2) for 12 hours at $°C. Subsequently, the spec-
imens were rinsed in the same buffer. ethanol-dehydrated,
and Epon-embedded for routine wransmission electron mi-
croscopy. After ulrathin cutting, the sections were col-
lected on mesh 100 copper grids and counterstained with
uranyl acetate and lead citrate. Transmission micrographs
were made on a Zeiss 902 transmission electron microscope
at 70 kV.

Immunoelectron Micrescopy

For postembedding immunoeclectron microscopy.
small 1-mm* tssue cubes of four cases of mixed oligoden-
drogliomas-astracyiomas containing minigemistocytes, and
one mmor consisting almost entirely of minigemistocytes
(Figs 1B and 2) were fixed in 0.1 mol'L phosphate bulfer

(4) Pure gemistocytoma, stained for Pmd3. All parts of this glloma showed classic gernistocyies, although some smalier glial cells
were seen g5 well. (Magnification x 500} (B) Minigemistocytoma, stained for Pmd3, This tumoer consisted almost exclusivoly of uniform cells
with the morphology of smali gemistocytes. (Magnification x 500) (C) Astrocytoma, stained tor Prmd3, Tumor with gemnistocytes infermingled
with minigemistacytes. In several fumors these two coll types were seen fogether. (Magnification x 500) (0] Olgodendroglioma (with
GFAP.positive oligodandregllal celis), stalrad for Pma3d. The oligodendrogilal turnor cells are, Irespactive of their reactivity with anti-SFAP, not
reactive with cnt-Pm43. (Magnifieation x 500)
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FIGURE 2 Gemistocyle and
minigemistocyte In one furnor.
Classic gemistocyte with inter-
spersed floments with adja-
cent minigommistocyte. The lat-
ter 15 roodily recognized by
smaller slzes and characteris-
fic bundtes of fllaments, In
contrast 1o the dispersed ar-
rangement of the fllaments in
the large classic gemistocyte.
Transmisslon electronmicro-
scopy; magnification x 12,000}

(pE 7.2) containing 1% acroleine and 0.4% glutaraldehyde
at 4°C for 4 hours. Tissues were transferred and stored in
a sucrose buffer of 1 mol/L sucrese in 1.1 moVL phosphate
buffer pH 7.2 with 1% paraformaldehyde at 4°C unul fur-
ther processing for lowicryl embedding as described
previously, ™ From lowicryl-embedded material ultrathin
sections were made with glass knives, und the sections were
collected on carbon-ceated Formvar-filmed mesh 100 cop-
per grids. The immunologic methods for visualization of
rabbit ant-GFAP. rabbit ant-vimentin. and mouse anti-
Pm43 antbodies were essentially as described previ-

ously. ¥ As 1 second step these reagents were used: a
10-nm colloidal gold-labeled goat anti-rabbit antiserum
(GAR-10: Janssen, Beerse, Belgium) and a goat anti-mouse
antiserurt (GAM-10, Janssen). The incubation with coliot-
dal gold-coupled antibodies was accelerated by microwave
irradiation.® Control sections were incubated with PBS.
normal rabbit serum diluted 1:60 in PBS, or the appropri-
ate dilution of a similar monoclenal antbody nonreactive
with glial tissue (ie. VIT-3, obtained from Dr W, Knapp.
Vienna. Austria) instead of anti-GFAP or anti-vimentin, or
anti-Pm43. Background stining was always negligible,
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RESULTS
Histology and Immunchistochemistry

In the cases of reactive gliosis, gemistocytes were
found. but GFAP-positve oligodendroglial 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 oligodendroglial tumor cells but
occasionally contained GFOGCs, minigemistocytes. or
gemistocytes. In 11 tumors a mixture of neoplastic
oligodendroglial and astroglial cells was encountered:
eight of these wumors were variably mixed with
GFOCs, minigemistocytes, and gemistocytes. Often
seen in association with minigemistocytes were
GFOCs. Five tumors were predominantly astroglial
mixed with gemistocydc elements.

In all umors gemistocytes and minigemistocytes
were selectively reactive with ant-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
GFAP, whereas the giant cells showed minimal reac-
tivity and the scarcely present monstrous cells showed
no reactivity at all.

Electron Microscopy and
Immunceleciron MICroscopy

In transmission electron microscopy the classic
gemistocytic cells were readily identified by their vo-
luminous cell bodies, eccentric nuclei, short cytoplas-
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
phenotype. ie. the arrangement of the intermediate
filaments as seen in both gemistocyte subsets.

Immunoclectron microscopy with anu-vimentin
and ant-GFAP antibody demonswrated intense im-
munogold labeling of the intermediate filaments in
the gemistocytic cells (Fig 3, B and C}. Furthermore,
it was shown that in classic gemistocytes as well as in
minigemistocytes the antigenic determinant reactive
with the ant-Pm43 andbody was associated with the

* Monstrous cells: large cells with bizarre, irregular, and hy-
perchromatic mulGnuclei,
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TABLE 4. Reactiity of the Monoclonal Antibody Prnd3
Frazen Section

Central nervous
system myelin
Peripheral nervous
systers myelin

Melanocytes
Gemistocytes
Minigemistocytes

Formalin-fixed Acetone-fixed

1

o+
EREITY

Symbols: +, positive; —. negative; =, weakly positive.

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

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

DISCUSSION

In paraffin-embedded glial neoplasms the anu-
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 Diyjk et al (ie, a 43-kd protein and
two proteins between 25 and 30 kd).™ The expres-
sion of a Pm43-defined myelin-associated proten by
minigemistocytes is in line with the suggested oligo-
dendroglial lineage of these celis,'®!* On the con-
trary. the typical structure of parallel bundles of in-
termediate filaments in these cells suggests an astro-
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.**% Vimentin is temporarily expressed by cells of

TABLE 2 immunohistochemical Proflle of the Differant

Cellular Constituents of the Gllomas
GFAP

Pm43 Vimentin

Fibrillary astrocyte
Pilocytic astrocyte
Protoplasmic astrocyte
Gemistocyte

Giant cell*

Menstrous cellt
Minigemistecyte
GFOCt
Qligodendrocyte

L+ +
NN
P+ ++ 111

Symbols: +, positive; —, negative: =, weakly positive.

* Defined as large cells with a single nucleus or muliple nuclel.

+ Defined as large cells with bizarre. irreguiar. and hyperchre-
matic multinuclei.

t Defined as a GFAP-positive cell with the morphology of an
oligodendrocyte.
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FIGURE 3. Immunoslactron
microscopy of labeled flla-
ments [+ @ gemistocyte and @
minigemistocyte, (4) Gemisto-
eyte [detall), stalned for Pm4a3,
Characterlstlc dispersed ar-
ranged flaments, apparently
without organization. Scarce
Immunogeld lobel for Pmd3 In
this cell ls associated with
these fllaments, while the or-
ganelies are free of label. Key:
M, mitochondrig; L fysosome,
Magnification x 12,000) (B)
Gemistocyte (detall), stalned
for GFAP. Immunogoeld labet
for GFAP Is assoclated with the
flaments comparable with Ig-
beling for antl-Pm43. How-
aver, more Immunoegold label
ls seen here. Magnifleation x
12.000) (C) Minigemistocyte
[detall), stained for GFAP. The
characteristic parailel flia-
ments are cledrly shawr. Also,
In the minigemistocyte more
Immuncgold lakel is found for
GFAP In comparlson with
P43 [cormpare Fig 2). (Mag-
Affieation x 12.000)

various localizations in the developing brains of mice
as well as of humans?”#* Later on, during human
embryogenesis. the expression of vimentin disap-
pears and expression of GFAP is found.* However,
i some astrocytes of the adult rat brain a clear coex-
pression of vimentin and GFAP has been discover-

0.58 1

ed.?? In man, expression of vimentn rapidly reoccurs
in normal giial cells during in vitre culture. and is
found in glial tumors and cultures of neoplastic glial
cells. 25-2631-33 The abundant expression of vimenun
in minigemistocytes and in the classic ballooned

germistocytic 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 fllaments according
to differentiation of the cells of origin represents an
attractive hypothesis for the coexpression of GFAP
and vimennn within mammahian nervous tissue as
well a3 in human glioma cell lines.*** This phenom-
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FIGURE 4. Immuncelectren
microscople pleture of o mini-
gemlstocyte labeled with
antl-Pmd3, (4] Urastructure of
a minigemistocyte. Note the
oval eccentrlc nucleus and
few orgonelles. The most
prominent feature Is the
atundant Intermediaie flia-
miants aronged In interwoven
bundles. (Magniflcotion x
4,400} (B) Detall of A Interwo-
ven bundies of filaments. Im-
munegeld label s associated
with these flaments. (Magnifl-
cation x 12000)

0.58u

enon of heteropolymerization offers an explanaton
for our immunoelectron microscopic findings of the
coincidental expression of GFAP and vimentin in as-
sociation with the same filaments in the gemistocytic
cells.

The arrangement in parallel bundles of the glial
filaments in the minigemistocytes differs essenually
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FIGURE 5. Immunoelectron
microscopy of a neoplastic
firllar astrocyte stalned for
PmM4d. The neoplastic asfro-
cyte Is readlly recognized by
its plump cell processes.
Megnification % 3.000) {n-
saf) Porallel bundias of Infer-
mediate flaments which are
not labeled by the Pmd3 an-
tinody. except for some back-
ground immunogold label,
agnification x 12,000)

from the characteristic dispersed arrangement of fil-
aments in the classic gemstocytic cells known from
the literature.*>'* Although minigemistocytes do ap-
pear together with gemistocyles within one tumor
(Figs 1C and 2), suggesting a possible ontogenic rela-
tion between these two cell types. we did not observe
mtermediate phenotypes at the ultrastructural level
(ie, cells with filaments in a dispersed pattern in the
cytoplasm alternating with an arrangerment in orderly
bundles). In 19866, Raimondi suggested that the bal-
looned aspect of classic gemistocytes could be the re-
sult of realignment of cytoskeletal filaments beneath
the cell membrane in astroglial cells.® 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 gemistocytes.’® However. the ar-
rangement in parallel bundles of intermediate fila-
ments in minigemistocytes resembling the ulirastruc-
ture of astrocytes (Figs 2, 4, and 5) suggests that mini-
gemistocytes are more closely related to astroglial
tumor cells than to oligodendroglial tumor cells. The
mechanism of, and trigger for, a possible metamor-
phosis of any glial cell inzo a gemistocyte or into a
miniature form of gemistocyte (a minigemistocyte)
remain obscure. In one of the few studies focusing on
gemistocytes, Hoshino et al evaluated the incorpora-
uon of mritiated thymidin (3H-T) in some high-grade
astroglial tumors, and concluded that gemistocytes
are not the agpressively proliferating tumor compon-
ent.” These authors suggested that glial tumor ¢ells
take the gemistocytic phenotype after having lost the

competition for nutrients with smaller umor 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 anu-Pm43 an-
dbedy is selectively reactive with gemistocytes and
minigemistocytes. At the ultrastructural level and-
GFAP, anti-vimentin, and anti-Pm43 show an identi-
cal immunogold labeling pattern associated with in-
termediate filaments, althgugh differences in staining
intensity exist. No reactivity of anti-Pm43 was found
in ¢ither 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-
wgeny 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

J. M. Kros, MD.* C. G. Van Eden. PhD.f 8. Z. Stefanko, MD. PhD.*
M. Waayer-Van Batenburg.* and Th. H. van der Kwast, MI). PhD*

In oligodendroglial tumors the intermediate filament glial fbrillary acidic protein
[GFAP) may be expressed by cells with the morphologic characteristics of typical
oligodendrocytes (gliofibrillary oligodendrocytes [GFGC]) and by miniature forms of
remistocytes (minigemistocytes} as well. These latter cell types have been regarded
as transitional cells that represent intermediate forms hetween an oligodendroglial
and an astrocytic phenotype. Furthermore, in oligodendrogliomas GFAP may be
expressed by intermingled classic large gemistocytes, which are mot considered
transiticnal cells. In a retrospective study of 111 oligedendrogliomas, the presence
of the varions GFAP-positive cell types was correlated with the survival rates of
the patients. Therefore. GFAP expression was visualized with the use of an indirect
conjugated peroxidase method. The survival tmes of the patients were recorded
and statistical comparisons were reade. The percentage of GFAP-positive tumor
cells is increased in olipodendrogliomas 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 of GFOC nor that of minigemistocytes is predictive
of the survival. In contrast, patieats with classic gemistocytes bad survival lengths
approximately twice as short as those of patients who did not have these cells in
their tumers. 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 sigrificance of this cell type in

astrocytomas. Cancer 66:1204-1212. 1990.

INCE the isolation and pudfication of the interme.

diate filament protein glial fibrillary acidic protein
(GFAP),"* the expression of this protein has been studicd
extensively in a variety of normal and pathologzcally
changed tissucs.™* Although the expression of GFAP has
been deseribed in some nonghial cells, GFAP is primanly
found in normal and developing glia and in gliomas.*!?
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Because, on the one hand. GFAP positivity scemed to
decreasc with increasing malignancy grade of the astro-
cytomas, whereas on the other hand clear GFAP positivity
was found in astrocytomas of the highest malignancy de-
gree {i.e., the glioblastomas), expression of GFAP in as-
trocytomas has not been considered a reliable prognostic
par:lmctcr."""‘*‘”’ L1z

So0n it became clear that oligodendroglial tumors alse
could express GFAPSM+ Oligodendroglioma cells with
the momphologic characteristics of small gemistocytes and
cven classic oligodendroglial cells expressed GFAP. in ad-
dition 1© entrapped nonncoplastic astrocytes.!*#48
Abundant GFAP expression was also found in scattered
classic gemistocytes, Van der Meulen ¢f af. found a reverse
relation between the malignancy degree of the oligoden-
drogliomas and the expression of GFAP: the low-grade
tumors did not show any positivity, whereas GFAP was
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exclusively expressed in oligodendrogliomas with a higher
malignancy grade.!* This finding was not confirmed in
later studies, however,!!-1+1?

in 1982 Meneses e of. termed the GFAP immuno-
reactive cells with morphologic characteristics of minia-
ture gemistocytes “minigemistocyies.”'® The GFAP-pos-
itive cells with the typical morphologic characteristics of
oligodendrocytes were called “gliofibrillary oligodendro-
cytes™ (GFOC). " Although GFOC can only be recognized
after immunostaining for GFAP, minigemistocytes are
readily recognizable in hematoxylin and cosin—stained
sections, Both ¢ell types have been supposed 1o represent
different stages of the same lingage.'* Gliomas that consist
of GFOC or minigemistocytes were called “gliofibrillary
oligodendrogliomas™ or “minigemistocytomas.”™ respec-
tively, whereas the term “transitional cell type tomor™
was introduced for the gliofibrillary oligedendrogliomas
as well as for the minigemistocytomas ™

No conclusive data with respect to the biologic behavior
of the transitional tumors in comparison with that of oli-
godendrogliomas lacking GFAP-positive tumor cells exist
in the literature. Furthermore, grading, criteria of oligo-
dendrogliomas are sgll a matter of dispute, ! although
recently some histopathologic features with independent
significance for survival rates have been identified. *®==3

The aim of the current study was 1o identify possible
significance of the GFAP-positive cells for the survival
rates in oligodendrogliomas and to establish their rela-
tionship to the histopathologic features. Therefore, all

Vol. 66

GFAP-positive cell types in a group of histopathologically
verified oligodendrogliomas were recorded. The survival
times of patients with oligodendrogliomas vanably 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 2 modified
grading system of Kernohan ef al.™ Relevant histopath-
clogic fearures were used to grade the tumors.?®*>* The
presence of the various types of GFAP-positive cells was
correlated with the individual histopathologic features as
well as the tumor grades.

Moaterials 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 Rotterdam-Dijk-
zigt. In 111 cases the diagnosis was confirmed and 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
composed of 69 men and 42 women, The ages of the 111
paticnts at first operation are given in Figure 1, The slightly
biphasic age distribution is charmactenstic for oligoden-
drogliomas.*®** At the time of the first operation, five
patients were younger than 16 years. The localization fre-
quencies of the tumors are shown in Table 1. The pre-

AGES AT FIRST OPERATION

15
15
14

13

FIG. 1. Age distribution at time of 12
first operation. Dhstribution for the
ages at frst operation, The shaded
bars represent the patienis with
GFAP-positive oligodendroghomas.
The age distribution of these patients
is congruent with that of all oligo-
dendrogliomas together. The disti-
bution shows a chametenistuc 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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TaBLt 1. Localizations of the Oligodendrogliomas
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A predeminance in frontal localization confirms earlier reports on
this wmor,

dominant frontal localization is in line with most studies
on oligodendrogliomas.®®* All patients had undergone
craniotomy with the intention 10 debulk or decompress
the brain, Twenty-eight paticats had undergone craniot-
omy 2 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 firsz craniotomy. It was
not possible to obtain patient selection ¢riteria for treat-
ment with radiation therapy, and no detailed data about
application forms or quantity of radiation could be ob-
taingd,

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. Paticnis who
died within 2 weeks after operation were excluded from
this study (operation death),

Histopathologic Material and Immunchistochernistry

Of 2ll paraffin-embedded material used for this study,
new sections (3 pm) were made and stained with hema.
toxylin and eosin. The diagnosis cligodendroglioma 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 (JM.K. and 5.7.5.) werg ignorant of the relevant
clinical data of the patents. Adjacent slides were processed
for GFAP immunostaining. The morphologic character-
istics of GFAP immunoreactive cells was not only iden-
tified by the counterstaining. but alse by comparison with
the adjacent hematoxylin-gosin-stained slide.

Immunchistochemistry study was done on 5-gm-thick
scetions of the paraffin.cmbedded material, Before the in-
cubations, endogenous peroxidase activity was blocked
by treatment with 2% hydrogen peroxide in methanel.

GFAP IN QLIGODENDROGLIOMAS -

Kros et al.

The two-step indirect immunoperoxidase technique was
used on deparaffinized sections preincubated with 10%
normal swine serum diluted in phosphate-buffered saline
(PBS). The primary antibody was rabbit anti-GFAP anti-
serum (DAKQ, Denmark). diluted 1:60 in PBS. pH 7.4.
Rinsing of the ¢xeess antibodies or conjugates was done
by three 5-minutcs washes in PBS. As the second step,
antbody swin¢-anti-rabbit immunoglobulin {Ig) anti-
serum conjugaied 10 horseradish peroxidase {DAKO,
Denmark) diluted 1:50 in PBS was used. The incubations
were performed at 37°C in 3 humidified chamber for 30
minutes. Final visualization was achieved by incubation
with 0.02% dizaminobenziding (DAB) in PBS and 0.075%
Ha05 for 7 minutes in darkness, Control slides, in which
the primary antibody was replaced by PBS. always had
negative results. The stides were slightly counterstained
with hematoxylin to determing the celiular morphologic
characteristics.

Grading of the Oligodendrogliomas

The cligodendrogliomas were graded according to a
revised grading system modified from Kemohan's grading
system for gliomas.**=-** Thus, the histopathologic pa-
rameters necrosis, cell density, pleomorphism. microcysts.
subpial tumor infiltration, and mitotic activity were used.
Four grades were arributed 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 Sciences (SPSSX package).

Student’s ¢ 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 clucidate dif-

TanLE 2. Grading Scheme Modified From Kernoban's Grading
Scheme for the Oligodendrogiiomas
1 2 2 1

Necrosis - - - +
Cell density + ++ + ot
Plcomorphism - - + EiNS
Microcysts - - -+ -+
Mitoses™t 1-3 1-3 2-5 4 or more
Subpial mAltration” - — — +

A grading scheme derived from that of Kernohan for the gliomas was
used. The features necrosis. cell density, pleomorphism, and microcysts
were found as independent significant factors for the prognosis. whereas
the presence of mitoses and subpial infileration was of dubious signifi-
cance.

* No conclusive data about significance available.

+ Per 10 400 fields,



CANCER September 15 1990

FIGS. 2A AND 2B, (A} Olipedendro-
glioma (Grade 2) with gliofibrillary oli-
godendrocytes (GFOC). The classic ho-
neycomb appezrange of an oligoden-
droglioma is readily recogmized. The
GFOC are dispersed between the GFAPR-
negative ¢ells. In routing hematoxylin-
eosin swining these cells are indistin-
gwishable from their GFAP-negative
counterparts (stained for GFAP, X230).
(B) Oligodendroglioma (Grade 2} with
gliofibrillary oligodendrocytes (GFOC).
Except for a dark ring of peroxidase
positivity around the nucleus, these cells
are morphologically identical 1o the
GFAP-negative oligodendroglial tumor
cells. Calcifications as seen in the upper
left corner are frequently found in oli-
godendrogliomas {swuined for GFAP,
X500).

ferences between individual prades. Because the frequency
distribution of the survival times of the patients was an
exponential one, 3 log-¢ 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 divided into two groups containing long and short
survival times. The chi-square test was applied 10 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, ie. in classic oligoden-
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drocyte-like cells (gliofibrillary oligodendrocytes or
GFOC) (Figs. 2A and 2B). in cells with the morphologic
characteristics 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 biopsics in §6%
(24 of 28 specimens) GFAP-positive cell types were found.
All these 28 patients had becn teeated with radiation ther-
apy as well.

Twenty-three percent of the tumors were graded as
Grade 1. 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



of the oligodendrogliomas. The & posteriori Student-
Newman-Keuls procedure revealed significant differences
between the Grades 1 and 2 and between the Grades |
and 3 and | and 4 at the 6.050 significance level. In Table
3 the percentages of tumors in which GFAP-positive cells
were found are shown for the four malignancy grades
{Tabie 3). No correlation between the presence of any of
the GFAP-positive 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 biopsics and the sccond biopsics, re-

GFAP N QLIGODENDROGLIOMAS -+
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FiG. 3. Minigemistocytes in an oli-
godendroglial tumor, With voluptuous
GFAP-positive ¢ytoplasm without long
processes and an eccentric nucleus., these
cells resemble miniature pemistocytes
(stained for GFAP, X500},

speetively {Fig. 5). Gemistocytes. either alone or in ¢com-
bination with GFOC and minigemistocytes, were found
in 41% of the primary biopsies: in 11% of these biopsies
the gemistocyics were not accompanied by minigemis-
tocytes or GFOC (Fig. 5). The combination of GFOC and
gemistocytes without minigemistocytes was never seen.
It is shown in this figure that the fraction of tumors in
which the only GFAP-positive cells were gemistocytes de-
creased after initial biopsy foilowed by radiation therapy
{L.e., 11% t0 5%), whereas the number of tumors in which
the gemistocytes were found topether with minigemisto-

Fi6. 4. Classic gemistocytic cell in an
olipedendroglioma. A gemistocyte is
surrounded by minigemistocytes and
GFOC {stuned for GFAP. X300).
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TABLE 3. Grading Results

Grede  Percentage GFAP+ (%) GFOC (%) mini (%) gem (%)}
1 23 50 kel 38 335
2 27 T 53 57 43
3 11 42 33 33 25
4 39 77 42 56 49

GEAP: ghal fibrillary acidic protein; GFOC: ghoﬁbnl]nry olipoden-
drocytes; mini; miniature forms of gemistocytes; gem; gcm:slomes.

In the Arst column the percentages of patients in the respectve grades
are given, The percentagss in the second ¢olumn represent the fraction
of oligodendrogliomas of each grade in which GFAP-immunoreactive
cells were found. In the three columns on the right side these percentages
are given for the respective GFAP-positive ¢ell types.

cytes or GFOC increased (e, 31% 10 51%). However,
these shifts in fractions did not reach staustical signifi-
cance.

The ¢ test did not reveal a significant difference berween
the survival times of patients with oligodendrogliomas
with GFAP-positive ¢ells on the one hand, and those
lacking GFAP positive cells on the other hand. In Figure
6 the survival 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 cligodendrogliomas. 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 compared

F1G. 3. Fractions of GFAP-pog-
1ve cell types in the first and second
biopsies. The shaded blocks on the
upper line represent the proporton
of wumors at first biopsy with the
vanigus GFAP-positive cell types ei-
ther single or in combination. The
lower line represents the GFAP-pos-
itive cells in the second excisions.
The total greup of patients who un~
derwent a fisst operation consisted

0.50
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with those without gemistocyies, irrespective of the pres-
ence of the other GFAP immunoreactive tumor cells. The
mean survival time of patients withowt gemistocytes was
about twice as long if compared with that of those with
tumors in which gemistocytes were seen (Ve., 41 versus
21 months). The respective survival rates are shown in
Frgure 7,

Localization of the tumors did not influence the survival
rates. There was 1o relation between the presenee of any
of the GFAP-positive cells and localizations of the tumors.
Effects of addinonal radiation therapy on the survival
times of the paticnts were not elucidated.

Discussion

A variety of immunohistochemical markers have been
explored in olgodendrogliomas.!**~%7 Among these
markers, anti-Leu-7 antibody would have value in differ-
cntiating meningeal invasion by oligodendrogliotas from
oligodendroplial-like parts of syncvtial meningiomas.””
The expression of myelin basic protein (MBP) and $-100
protein was studied in oligodendroghial tumors mainly to
trace some differentiation potency in oligodendroglial tu-
mor celis,**™® whereas myeclin-associated glycoprotein
(MAG) and GFAP were applied mainly to identify the
degree of anaplasia or the biologic aggressivencss in these
tumors > #*17352 I some studies the congentration of
GFAP in cell homogenates was measured irrespective of
the morphologic characteristics of individual cells,>***
whereas recently the specific morphologic characteristics

first blopsy

0.324

s N

0.1%2
0.022

sx SN

0.135 p, 198
g.022

e DN

of [11 patients, whereas caly 28 pa-
dents underwent 3 second operation.
All patients who were operated on
for the sscond titse had been wreated
with radistion therapy as weil. The
respective single cells or cell com-
binations in & particular rumor are

0.50 |

relative frequency

second blopsy (after irradiation?

indicated urder the second line, The _238 0.286

last bar of each line (without con- 0.143 0.143

notation) represents the fraction of 0.035 0.048 0.048
oligodendrogliomas without GFAP- 0.490 = m m

positive cells. In the second biopsies 535
more GFAP-positive oligodendro- gfoc gfoc gfoc mini mini om gfoc

gliomas arc found. Responsible for gem mini gem mini

the ingrease of GFAP positivity at gem

second biopsy arc raised fractions of tumors in which minigemistocytes alone, minigemistpcyles together with gcmxstocytcs. or minigemistocytes
together with gemisiocytes and GFOC are seen, The fraction of tumors with gemistocytes without other GFAP-positive cells was diminished with a
Factor 2 in the group of patients who were operated on 2 second time. The ¢combination of GFOC and gemisiocytes without minigemistocytes was

not found in the first biopsies nor in the second biopsies.
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of the GFAP immunoreactive cells were taken into closer A factor responsible for controversies in progaostic im-

investigation,'*'®'* Readily it became clear that, unlike  plications of GFAF positivity in oligodendrogliomas may
some of the resulss obtained in astrocytomas.™' = and  be the well-known difficulty in proper grading of these
despite the early study of Van der Meulen er al., no clear-  tumors, The traditional grading scheme of Kernohan for
cut relationship between GFAP content and tumor grade  gliomas did not yield ¢lear correlations with survival rates

i oligodendrogliomas ¢xisted, !+ when applied 10 oligodendrogliomas. unless used in a
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modified version.*®** In the current study the most rel-
cvant histopathologic criteria were selected from the orig-
inal grading criteria of Kernohan (Table 2). This selection
was based on recent articles in which histopathologic fea-
tures with independent significance for prognosis were
identified. > Nevertheless, we did not reach significant
differences in survival times for ali grades, Furthermore,
the respective grades of malignancy seemed to not ¢or-
respond with the percentages of GFAP-positive cells.
However, in Grade 1 tumors a relatively low number of
GFAP-positive cells were found, whereas in Grade 4 tu-
mors this percentage had increased {Table 3). This trend
holds for all three GFAP-containing 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.® no correlation betwesn
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 oligodendrogliomas.

The notion of transformation of oligodendroglial tumor
cells into astroglial tumor cells has been put forward by
various authors in the past.’'* Recently it has been as-
sumed that this transformation process eventually oc-
curred through gemistocytic phenotypes {7.¢.. round cells
with GFAP-positive cytoplasm).'**'¥ The arrangements
of various cells in mixed oligoastrocytomas could very
well be dependent on the stage of putative transformation
in these gliomas. ™ In the currens study we saw various
mixtures of classic large gemistocyies with the elements
of transitional tumors (f.e., minigemistocytes and GFOC).
but we never observed the combination of GFOC and
gemistocytes without minigemistocytes {Fig. 3). This
finding makes direct transformation of GFOC into large
gemistocytes unlikely.

The only GFAP-positive cell type in the current series
of oligodendrogliomas that was associated with a signifi-
cantly shorter survival time was the classic large gemis-
tocyte. Therefore, the presence or absence of classic pom-
istocvies should be taken into account when predictions
on the prognosis of the patients are made. Classic gem-
istocytes are not considered characteristic cells for tran-
sitional cell type tumors, although transformation of a
minigemistocyte into a gemistocyie has been suggested. '

Certainly classic gernistocytes are not specific constit-
uents for oligodendroglial tumors because gemistocyies
arc often found in astrocytomas, whereas they appear in
nonneoplastic processes as well. Although the relationship
of a gemistocyte 1o any other neoplastic glial cell has not
been clarified, some authors consider gemistocytes as the
smallest members of a family of giant cells.>* Scarce studies
focusing on gemistocytes exist in the literarure.* Hoshino
et al. studied the proliferative activity of gemistocytes in
malignant astrocytomas and pointed to the notion that
these cells represent end-stage forms of astrocytes, which

Val, 66

had lost the competition for nutrients to more rapidly
proliferating small astrocytes.® Others suggested that
gemistocylic astrocytomas (L.e.. gemistocytomas) are able
10 develop into the highly malignant glioblastomas 57
‘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.’® No data about the relation
of radiation therapy and minigemistocyies or GFOC are
available. In the current study an increase in the fraction
of turnors in which gemistocytes were seen together with
the other two GFAP-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 radiation
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
vet because effects of selection and different application
modalities invalidate retrospective nonrandomized stud-
ies.***! 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 gem-
istocytes in oligodendrogliomas, whereas the occurtence
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 features with known significance for sur-
vival rates in oligodendrogliomas. Whatever the relation
between the classic gemistocytes and the GFAP-positive
cells of transitional gliomas may be, the Anding of ¢lassic
gemistocytes in oligodendrogliomas is an unfavorable
prognoestic sign for the patients with these gliomas.
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Ultrastructural Characterization of Transitional Cells in Oligodendrogliomas

J. M. Kros, M.ID., A. A. W. DE JONG, AND
TH. H. van DErR Kwast, M.D., Pr.D.

Abstract.  In oligodendroglial tumers the expression of glial fibrillary acidic protein {GFAP) is found in cells with an astrocytic
morphology Tepresenting preexisient or neoplastic astrocytes. In addition, 3 propertion ¢f the GFAP-positive celis has the
marphology of miniature gemistocytles {minigemistocytes) or oligodendrocytes (pliofibrillary oligodendrocytes or GFOC). Both
minigemistocytes and GFQC are considered as cells transitional between astrocytic and oligodendroglial lineage. Though
minigemistocytcs can readily be distinguished in routincly stained histological scetions. GFAP immunostzining is obligatory
for the idenufication of the GFOC. In the present study, the GFOC is characterized ar the ultrastructural level using an
immunogold-silver stain on semithin (J ym) shides for dentification of GFAP immunereactivity and subsequent processing
of the adjacent slide for immuneelectron microscopy. In analegy with the minigemistocytes, the glial flaments in the GFOC
are arranged in paralel bundles. The inding of cells with ultrastructural features intermediate between those of GFOC and
minigemisiocytes suggests 2 close relationship and a possible interconvertibility between the two transitional cell types in
oligodendrogliomas.

Key Words:  Electron microscopy: Gliofibrillary oligadendrocyte; Glioma: Immunoclectron microscopy; Minigemistocytes

Oligedendroghioma.

INTRODUCTION

Although oligodendrogliomas consist predominantly
of neoplasti¢ oligodendrocytes. cells with obvious astro-
cytic differentiation have also been observed in these
gliomas since the earliest microscopic investigations (I—
$). Traditionally, celis with slender processes have been
considered as interspersed preexisting astrocytes, while
cells with coarse and irregular cytoplasm and eccentric
nuclei have been interpreted as neoplastic astrocytic cells
(9. 10). Varous mixtures of ncoplastic astrocytes and
olipodendrocytes were found in mixed gliomas. The oli-
pgoastrocytomas are defined as glial tumors with separate
areas (compact variant) or mixtures (diffuse variant) of
two cell types (8). Whereas some authors refused 10 rec-
ognize mixed gliomas as a separate group (11, 12), others
believed that basically all gliomas would be of a mixed
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character (13). The latter view was supported by the find.
ing of mixed ¢ell populations in experimentally induced
gliomas (14, 15), although pure astrocytomas and pure
oligodendrogliomas might be the result of expenimental
tumer induction as well (16).

Smali-sized gemistocytic cells have been recognized in
oligedendroglial tumors long, before immunohistochem-
ical 1echniques were available {7. 8, 7). These cells were
considered as transitional cells that changed their oligo-
dendroglial morphology mto cells with an astrocytic ap-
pearance. I1 was speculated that tumor age, <hanges in
vascularity and increasc in Intracranial pressure might be
causal factors for this transformation (5). More recently,
the application of immunohistochemistry led 1o the dis-
covery of olipodendrocytes which expressed glial fibrillary
acidic protein (GFAP) (18-22) and the term “gliofibrillary
oligodendrocyte™ (GFOC) was introduced. while the min-
iature forms of gemistocytes were called “minigemisto-
cytes™ (19). Most authors considered these GFAP-posi-
nive cells as true elements of oligodendroglial tumors (9,
18, 21-25). while some classified tumors with these cells
as mixed pliomas (22). Oligodendropliomas containing

TABLE 1
Clinicopathelogical Data of Seven Patients
Case Sex Age Localization Diagnosis Grade
1 Male 43 Right parietal Oligodendroglioma Grade A
s Male 34 Right frontal Oligodendroglioma Grade C
3 Male 31 Left frontal Qligodendroglioma Grade B
4 Female 33 Right frontal QOligodendroglioma Grade A
5 Male 44 Right fronto-parietal QOligodendroglioma Grade B
& Male 60 Lefl fronto-parieta Olipo-asirocytoma Grade 2
7 Female 33 Left frontal Oligo-astrocytoma Grade 2

The oligodendroghiomas were graded according ro the modified

grading system of Smith (30), while the 0lipo-astrocytomas were

praded according 10 the grading system derived from Kernohan (31).
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GFAP-positive cells, i.c. GFOC or minigemistocyles, were
termed transitional gliomas (22).

At the ultrastructural level the minigemistocytes are
readily recognized by their voluptuous cell bodies. bjunt
cell processes and ececentrie, flattened nucled, In a previous
study we showed that minigemistocyles contain charac-
1eristic dense bundies of GFAP-positive intermediate fil-
aments in their cyloplasm which clearly separate this cell
type from the clagsical gemistocytes (26). As yet, no ul-
trastructural description of the GFOC has been estab-
lished, probably because this ¢ell type is only recognired
afier GFAP immunchistochemistry (15, 27-29). The aim
of the present study was to describe the ultrastructure of
the gliofibrillary oligodendrocytes by using a gold-silver
enhanced stain for detection of GFAP immunoreactivity
on semithin plastic sections, and subsequently processing,
the adjacent ultrathin sections for immunecleetron mi-
croscopy. Comparison of the ultrastructural features of
the minigemistiocytes with those of the GFOC revealed
a close relationship between these two cell types.

>y

Oligodendroplioma with ransitional cells. In this routine hemartoxylin-azophloxin stuined slide the minigemistocytes
are readily recognized (arrowheads) between the classic oligedendroglial cells with their perinuclear hales (arrows), For the
distinction of GFOC, immunostaining for GFAP is necessary: 1n reutine staining these cells cannot be differentiated from their
GFAP-ncgative counterparis (arrows). (Patient 1, hematoxylin-azophloxin, x23).

MATERIAL AND METHODS
Patient Material

Biopsy material of seven patients with olipodendroglial viz.
mixed oligo-astrocvtic tumors in which GFOC or minigemis-
1o¢yies were found was selecied for processing for immunoelec-
tron microscopy in addition to routine histology. The clinical
data of the seven patients are summarized in Table 1.

The olipodendrogliomas were graded according o the mod-
ified grading scheme of Smith (30). The mixed oligo-astrocy-
tomas were graded lollowing the grading scheme derived from
Kermohan (31),

Histology and Immunohistochemistry

Freshly obtained surgical specimens were processed for par-
affin embedding after fixation in phosphate buffered formalin
while part of the matenal was kept apant for immunoelectron
microscopy (see bejow). Sections of 3 ¢m were made and stained
with hematoxylin and eosin. Conseculive sections of the same
thickness were used for immunohisiochemistry. The primary
antibody included rabbit anti-GFAP antiserum (DAKO Cor-
poration, Copenhagen. Denmark) diluted 1:60 in phospharte

J Newropathol Exp Newrol, Vol 351, March, 1992
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“Fig- 2. Singe the immunoreaction 1akes place on the cut
surface while the tissue is within the Lowicryl, cither the gold-
silver stain or the cellular details are in focus in the photomi-
crographs. A) Semithin (1 urn} section of olipodendroglioma
with GFOC and minigemistocytes. A GFOC (arrow) is tagged
for ultrastructural investigation. (Patient 1, GFAP-immuno-
staingd gold-silver enhanced. counzerstained with hematoxylin-
azophloxin, = 100} B) Ultrathin adjacent section demonstrating
the same GFOC as tagged in Fipure 2A (arrow), This cell con-
tains large bundles of filaments and lacks significant cell pro-
cesses. (Patient |, immunoelectron microscopy stained for GFAP,
% 1.100). C) Detail of the cytoplasm of the GFOC from Figure
2A and B (frame). The hlamenis are arranged in parallel bundles.

J Neuropathol Exp Nearol, Vol 31, March, 7902

buffered saline (PBS), pH 7.4, Endogenous peroxidase activity
was blocked by treatment with 2% hydrogen peroxide in meth-
anol. The two-step indirect immunoperoxidase technique was
usced on deparaffinized sections preincubated with 10% normal
swine scrum diluted in PBS. As the second step antibody. swine
anti-rabbit immunoglobulin (Ig} antiserum conjugated 10 horse-
radish peroxidase (DAKO) diluted 1:50 in PES 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% diaminobenzidine (DAR) in PBS and 0.075% H.O,
for 7 minutes in darkness. Control slides in which the primary
antibody was replaced by PBS always were negative. The slides
were counterstained with hematoxylin.

Neoplasuc oligodendrocytes were recognized by their round
or polygonal eytoplasm borders, lack of cell processes., and round,
centrally located nuclei. The tumor cells showed the typical
honeycomb texture. The only distinction at the light micro-
scopic level between the classic oligodendroglinl cells and the
ghiofibrillary oligodendrocytes is the immunoreactivity for GFAP
of the latter. Immunopositivity was s¢en as a small perinuclear
rim. The transitional cells, or minigeristocytes, are readily rec-
ognized in the routing hematoxylin and cosin stain. The cyto-
plasm of these cells stains homogencusly pink and gradually
ingreases, leaving the nuclet in an cocentric position.

Blectron Microscopy

Fresh tumor material was minced into 1 mm? cubes and fixed
immediately in 1% glutaraidehyde in 0.1 mol/L phosphate buff-
er (pH 7.2) at 4°C. The specimens were fxed for 24 hours,
transferred and stored in 0.1 mol/L phaspharte buffer for § hours,
and post-fixed in 1% OsO, 1n 0.1 mol/L phosphate bufler (pH
7.2) for 12 hours at 4°C, Subscquently, the specimens were
rinsed in the same buffer, ethanol-dehydrated. and Epon-em-
bedded for routine transmission clectron microscopy. Afier ul-
trathin cutting, the sections were collected on mesh 100 copper
prids and countersiained with uranyl acetate and lead citrate.
Transmission micrographs were made on 3 Zeiss 902 1rans-
mission eleciron microscope at 30 kV.

Immunoelectron Microscopy

For postemnbedding immurnoclectron microscopy. | mm? 1is-
sue cubes were fixed in 0.1 mol/l. phosphate buffer (pH 7.2)
containing 1% acroleine and 0.4% glutaraldehyde at 4°C for 4
hours. Tissues were transferred and stored in a sucrose buffer
of | mol/L sucrose in C.1 mol/L phosphate bufier (pH 7.2) with
1% paraformaldehyde a1t 4°C until further processing for Low-
icryl embedding as described previously (32). From Lowicryl-
embedded material semithin (] um) and adjacent ultrathin sec-
tions were made with glass knives. The sernithin sections were
processed for gold-silver enhanced immunosinining for anti-
GFAP a3 deseribed below. The ultrathin sections were cellected
on carbon-coated Formvar-filmed mesh one hole copper grids.
The immunclogical methods for visualization of rabbit anti-

—
The colioidal gold particles represent immunormctivil_y with
GFAP which are confined to the filaments. (Patient 1, immu-
noclectron microscopy stained for GFAP, x 12,000).
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Fip. 3. A) Semithin (1 xm) section of oligodendroglioma
with GFOC. A GFAP-positive oligodendroglial cell is indicated
by the arrow. The volume of its cytoplasmic rim is intermediate
between that of a typical GFOC and a typical minigemistocyle.
{Patient 1. GFAP-immunostained gold-silver enhanced, coun-
terstained with hematoxylin-azephloxin, x 100). B) Ultrathin
adjacent section. The cytoplasm of the tagged cell contains a
large amount of filaments. Besides these filaments, mitochon-
dria are present in the cytoplasm. (Patient 1, immunoclectron
micrescopy stained for GFAP, x1,100). C) Detail of GFAP-
positive ¢ell from Figure 3A and B (frame). The filamerts are
arranged in large parallel, intertwisted bundles. The immuno-
gold label is associated with the filamenis while the nucieus

GFAP were essentially as described previously {32). A 10 nm
colloidal gold-labeled goat anti-rabbit antiserum (GAR- 10, Au-
rion, Wageningen, The Netherlands) was used as the second
siep. Control sections were incubated with PBS, diluted in nor-
mal rabbit serum 1:60 in PBS, or the appropriate dilution of 2
similar moneclonal antibody nonreactive with glial tissue. Back-
ground staining was always neglipible.

The semithin (1 um) sections were incubated with anti-GFAP
as the first step. Sccondary tncubation was done with Auroprobe
IM GAR-5 nm Au {Aurion), The immunogold-silver enhance-
ment was done by magnification of the gold particles by pre-
cipitation of metallic silver (Aurion R Gent Developer and En-
hancer, Aurien} in darkness ai room temperature, The siides
were counterstained with hematoxylin-azophloxin.

RESULTS
Patients and Histopathology

The patient group consisied of five males and two fe-
mates. The mean age of the patients was 39 years with a
range from 31 1o 60 years. Most tumors had a frontal
localization, The length of preoperative symptomatic pe-
ricd ranged from two years 1o one month.

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

In the oligodendrogliomas, the GFOC and minigem-
istocytes were present in several arcas. In Figure 1 an
oligodendroglioma with transitional cells is shown stained
with hematoxylin-azophloxin, In the mixed gliomas, the
GFAP-positive oligodendroglial cells as well as the as-
wrocytic cells were dispersed throughout the tumor,

Immunoelectron Microscopy

At the ultrastructural level, the oligodendroglial tumor
cells were characterized by the absence of substantial
numbers of filaments in the cytoplasm. Most of these cells
had prominent mitochondria. The cells had round or oval
nuclel. In the GFOC that were selected on semithin sec-
1ions, the cytoplasm was filled with bundles of filaments
in parailel arrangement (Figs. 2. 3). There were no other
characteristics that separated these cclis from the GFAP-
negative neoplastic olipodendrocyies. The minigemisto-

remains free of immunogold. (Patient 1, immunoelectron mi-
croscopy stained for GFAP, = 12,0003

J Neuroparhol Exp Neurgl, Vol 51, March, 1990
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Fip. 4. A) Semithin {1 uam) section of oligodendroghoma
with GFOC and minigemistocytes. A typical minipemistocyte
{arrow) is seen adjacent to a typical (GFAP-negative) oligoden-
drogtial cell (astenisk), The lauter has a clear cytoplasm. In the
upper left corner an interspersed astrocytic ¢ell with prominent
cell processes 1s strongly immunoreactive for GEAP. (Patient
1, GFAP-immunostained goldssilver enhanced. hermatoxylin-
azophloxin counterstained. » 100} B) Ulirathin adjacent sec-
nion. The cytoplasm of the minigemistocyte (arrow) is filled with
dense bundles of filaments, in contrast 1o the cytoplasm of the
oligedendroglial cell (asterisk) which shows an electron lucent
cytoplasm. In the latter cell, mitochondna represent the most
prominent cell organelles. (Patient 1, immunoglectron micros-

J Newropathol f2xp Newrol, Vol 51, Aarch, 1992

¢ytes 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. 4B, C). Regularly, cells with
an intermediate phenotype between that of a2 GFOC and
2 minigemistocyte were seen (Fig. 3). These eells are char-
acterized by a round or oval nucleus and cytoplasm dense.
ly filled with GFAP-positive bundles of filamenis. In se-
rial scctions, it was confirmed that these cells indeed had
a cytoplasmic volume between that of a GFOC and a
minigemistocyic and. therefore. these cells did not rep-
resent superficially cut minigemistocytes,

In two mixed oligo-astrocytomas GFOC and minigem-
istocytes and cells with an intermediate phenotype were
seen in some arcas. Furthermore, large parts of these
tumors consisted of GFAP-negative oligodendrocytes in-
termixed with (neoplastic) astrocytes (Fig. 5). The astro-
cytic cells had cell processes of vaniable lengths filled with
an abundancy of glial ilaments (Fig. 58, C).

DISCUSSICN

To date. ultrastructural studics have not been abic 1o
identify unequivocal lineage-specific differences between
neoplastic cells of putative oligodendroglial or astroglial
lineage. A varicty of ultrastructural features was claimed
to be preferentially present in oligoderdrogliomas. but
nene of these scemed 10 be specific for oligodendroglial
tumor cells (12, 27-29, 33-45)._ In spite of the incidental
observation of the entire cytoplasmic occupation by pro-
toglicfibrils in neoplastc oligedendrocytes {34), glial fil-
aments were not found as a prominent ultrastructural
feature of ncoplastic oligodendrocytes in other studies
(33, 46). Ebhardt et al (44) occasionally found microtubuli
and cytofilaments in typical oligodendroglial cells, but
these structures are & common finding in astrocytic cells.

Kamitani ¢t al (27, 28) also reperted the presence of
“glial™ filamenis in neoplastic oligodendrocytes, and
therefore supposed that these cells belong to the astrocytic
lincage. The absence of GFAP in a proportion of oligo-
dendreglial cells was atuibuted 10 the relanve scarcity of
flaments (27), The presence of abundant glycogen par-
ticles and perivascular end-feet was interpreted as addi-
tional evidence for the astrocytic nature of some oligo-
dendroglial tumor cells (27). Now. the discrepancies with
regard 10 the finding of filaments in neoplastic oligoden-
drocytes by different authors can casily be explained by
our observation that a subset of {light microscopical) oli-
godendroglial cells contains dense bundles of filaments

—

copy stained for GFAP, x1.100). ) Detail of GFAP-positive
cell from Figure 4A and B (frame). The immunogold particles
are associated with the intertwisted bundles of filaments. {Pa-
tent 1, immunociectiron microscopy staincd for GFAP.
* 12,0000,
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Fig. 5. A) Semithin (1 am) seetion of a mixed olige-astro-
cytoma, The oligodendroglial cells arg free of immunostain, The
mterspersed glial processes, however, react strongly for ant-
GFAP. A cell with the morphological features of an astrocyte
with intense GFAP-positivity is framed, (Patient 6. GFAP-im-
munostained gold-silver enhanced. hematoxylin and cosin
counterstuned, x100). B} Ulmathin adjacent section. A neo-
plastic astrocytic cell and neighboring oligedendroglial celi are
seen (from frame, Fig. 5A). While the cytoplasm of the oligo-
dendroplial ¢ell lacks filaments, the ¢ell processes of the astro-
cytic cell are densely filled with bundles of filaments. (Patient
6, immunoclectren microscopy staned for GFAP, x1,100). O)
Detail of GFAP-positive astrocylic cell from Figure 5A and B

(29, 33, 42, 43). Since these gliofibrillar oligodendrocyles
(GFOC) are defined both with light microscopical and
immunohistochemical criteria (i.e. reactivity with ant-
GFAP antibody). immunoelectron microscopy was re-
quired to dentify GFOC a1 the ulirastmactural level. Us-
ing adiacent semithin GFAP immunostained sections of
the corresponding tumors, we showed that GFAP-posi-
tive tumor cells with the light microscopical morphology
of GFOC were identical to the cells cxamined with the
transmission electron microscope.

A striking similarity was found between GFOC and
minigemistocytes in that both neoplastic cell types ¢on-
tain large bundles of GFAP-positive intermediate fila-
ments in their cytoplasm. The presence of cells with ul-
trastructural features intermediate between GFOC and
minigemistocytes indicates that the two cell types are
closely related. In a retrospective analysis of the distri-
bution of GFOC, minigemistocytes and large classic gem-
istocytes in oligodendrogliomas. with special reference to
proghostic implications of these oclls, GFOC were seen
in combination with classic gemistocyles only if mini-
gemistocyies were present (47). Therefore, a transfor-
mation of GFOC into classic gemistocyles via the mini-
gemistocylic phenotype was suggested. The total number
of GFAP-positive cells increased with the degree of ma-
lignancy of the wumor, and the presence of ¢lassic gem-
istocytes was corrclated with significantly shorter survival
rates, whereas the presence of transitional cell types viz,
GFOC and minigemistocytes did not influence the sur-
vival times (47). These clinicopathelogic observations are
supportive for the hypothesis of close Xinship between
the GFOC and the minigemistocytes. Furthermore, an
eventual transformation of a minigemistocyte into a clas-
sic gemistocyte cannot be excluded. The association be-
tween classic gemistocytes and short survival might be
expiained by the appearance of classic gemistocytes in a
later developmental phase of the neoplasm.

No morphological counterpart for the gemistocytic cell
has been deseribed during normal development of hu-
mans or animals. In developing brain tissue, oligo- and
astroglial cells are believed 1o derive from a common
precursor cell. In tissue cultures of developing glial cells
derived from the optic nerve of the fetal rat and the hu-
man fetus, 11 was found that 2 common glia! precursor
cell may wansform into either an astrocyte or an oligo-
dendrocyte depending on the presence of fetal calf serum
in the culture medium (48, 49 The dual character of
developing glial cells was lustrated by the finding of
astrocytlic features of glycogen particles and glial filaments

(from frame, Fig. 5B). The filaments are densely labeled by the
gold particies. (Patient 6, immunoclectron microscopy stained
for GFAP, = 12.000).

J Neuropathol Exp Neurol. Vol 51, March, 1992



110

KROSET AL

in cells with the light microscopical morphology of oli-
godendrocytes in the human spinal cord and in cell cul-
tures of the mouse brain (50-353). 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 oligodendroglial surface marker galactocerebro-
side {GC) as well ag GFAP (54). Because none of these
cells incorporated radiolabeled thymidine, a direet meta-
morphosis of an oligodendrocytic cell into a cell with
phenotypical properties of an astrocyte was suggesicd.
The trapsformation was promoted by the addition of di-
butyryl eyclic AMP, which provides additional evidence
for the interconvertbility of developing astrocytes and
cligedendrocytes (54). These ir vitro studies illustraic the
potential for developing glial celis to express astrocytic
and oligedendroglial markers simultanegusly.

Recently. the glial precursor surface marker A2BS was
selectively found in oligodendrogliomas. but not in as-
trocytomas (35, 56). Since the oligodendroglial ncage of
astrocytic tumor cells in some mixed oligo-astrocytomas
was sugpested by immunostainability for A2BS (55). A2BS
cannot be used as a specific oligodendroglial tumor cell
marker (10, 55, 57). Nevertheless, the mmunohisto-
chemical studies provide some circumstantial evidence
for conversion potencey of oligodendroglial into astrocytic
lincage under neoplastic circumstances. The reguits of the
present study sugeest that in ransitional tumors oligo-
dendrocyies form a scparate 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 oligodendroglial to astrocytic lin-
eape.
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CONCLUDING REMARXS
progrostic factors

The puzziing clinicopathological behavior of the oligodendrogliomas, and the difficulty
in predicting their clinical course, is the consequence of 2 number of different factors.
Most importantly, only part of these tumors appear in a morphologically pure form, while
many oligodendrogliomas contain neoplastic astrocyiic cells or transitional cell types.
Whether oligo-astrocytomas are included or not, the oligodendroglial tumor group
remains a2 minority of glial neoplasms. As a consequence, oligodendrogliomas often form
2 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 cerebellumn 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 peint 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 zate 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 Kemohan
(paper 2) correlation with survival not only of the system of Smith, but of Kemnohan too,
was satisfying, notwithstanding discouraging results of studies in the past, including those
of Kernohan himself. Statistical analysis showed significant differences in survival
between the grades of both systems. However, the 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 prognostc effects of
GEAP 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 mitetic count in
the biclogical 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 {o 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. Multvariate 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 further minimizing the number of features necessary for grading.

The largest study correlating DNA content with biclogic behavior in the oligodendrogli-
omas was done using a cytophotometric methed on a group of no more than 11 tumers,
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 cligodendrogliomas contrasts strongly with results of studies on astrocytomas
and several non-cerebral tumors. No obvicus reason for the absent correlation in
oligodendroglial 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 1o fresh tumor samples in a prospective study.

transitional tumor cell types in oligodendroghiomas

Only tumors with more than 50% of tumor cells with oligodendroglial phenotype in the
biopsies were included in our retrospective studies. No samples with as much as 50%
astrocytic cells were present in the serles 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 immuncreactivity
between the minigemistocytes and the classic gemistocyies, the strikdng 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 minigemistocytes 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 gliemas and glioblastomas, heralding 2 rapid tumer progression.
The classic gemistocytes were shown by 3H-T studies to be non-proliferating cells,
probably metabelic 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 oligodendroghial
tumors as well. In order to explain the lack of prognostic significance of the minigemisto-
cytes, one might speculate that classic gemistocytes are found in z 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), although reactivity with the newly
discovered gemistocytic marker Pmé43 was not found in the GFOCs. At the ultrastructural
level, both cell types harbor giial filaments, and what is more, the arrangement of the
filaments is alike. These findings are in agreement with our cbservation that GFOCs are
cften found together with minigemistocytes (paper 5). A gradual increase of cytoplasm
content would result in the gradual metamorphosis of a GFOC into a2 minigemistocyte.
The missing link is still an cligodendroglial cell with only few glial filaments in its
cytoplasm, transitional between the GFAP negative oligodendrocyte and the GFQC.

The finding of the GFAP-positive cells might be a reflection of increased genetic
instability of the oligodendroglial lineage during the progression of oligodendrogliomas.
Alternatively, oligedendrogliomas may be considered as "null cell tumors® with the
expression of GFAP zs sign of differentiation. This option weuld imply that the oligeden-
droglial 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 that more often astrocytic cells are seen
between the cells of an oligodendroglioma, than oligodendroglial cells are found in an
astrocytoma, The immunchistochemical and uvltrastructural characterization of transient
cells in oligodendroglial tumors has enhanced and detailed the knowledge of the group of
oligodendroglial tumors. Future studies may unravel the stimuli inducing change in
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 oligedendroglial tumor
group. The reason for this might be that only small series of this uncommon neoplasm
were studied, and delineation of oligodendroglial 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, tumeor volumes were calculated from the CT-scans of 43
cligodendrogliomas (paper 1). Although a good correlation between grade and survival
was shown, no correlation between tumor size and survival or histopathologic grade was
obtained.

In paper 2 a comparson was made between the traditonal grading system of
Kernohan, and the recently developed grading system for oligodendrogliomas of Smith. In
a retrospective study on 72 patients the grading resulis 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 cortelated 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 cligodendrogliomas.

In oligodendroglial 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-GFAP as well as with the newly developed monoclonal antibody Pmé43.
However, at the ultrastructural level a striking difference in the arrangement of the glial
filamenis was found.

The hypothesis that the presence of GFAP-positive cells in oligodendroglial tumors
might have an influence on the biclogical behavior was tested in 2 retrospective study on
111 patients (paper 5). Whereas the presence of minigemistocytes 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 §). Both in the GFOC and the minigemistocyte the same arrangement of
glizl 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 cefl 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 deel
(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 oligodendrogiiale tumoren.

Publicatie 1 betreft cen onderzoek naar het verband tussen tumorgrootite en tumorgraad
respectievelijk overlevingsduur van patienten met een oligodendroglicom. 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 tumergrootte en de overleving, worden aangetoond.

In publicatie 2 werd het traditionele graderingsschema van Kernohan 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 Kernchan 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 XKernohan. ’

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 wmoren. 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 bl het
graderen.

Her "glial fibrillary acidic protein” (GFAP) is een cytoskeleteiwit, dat in oligedendro-
ghiale tumoren tot expressie gebracht wordt door reactieve en neoplastische astrocyten,
Klassieke gemistocyten, en zogenaamde transitionele cellen, d.w.z. de gliofibriliaire
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 Pmd3, een
marker voor myeline van perifere zenuwcellen. Op ultrastructuree]l niveau bleken beide
celtypen echter duidelijk te verschillen in de wijze waarop de intermediaire filamenten
zijn gerangschikt.

In een retrospectieve studie betreffende 111 patienten (publicatie 5) werd de hypothese
getoetst dat de aanwezigheid van GFAP-positieve celtypen het biologisch gedrag van
oligodendrogliale tumoren zou beinvioeden. Hoewel het aanwezig zijn van transitionele
celiypen geen invlioed op de prognose uitoefende, bleek de aanwezigheid van Kassicke
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 suggereer:.
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In publicatie § werd de ultrastructuur van de transitionele celtyper met elkaar
vergeleken, waarblj gebruik gemaakt werd van een elegante methode om dezelfde cellen,
die met een immunohistochemische technick geldeurd waren, ook met behulp van
immunoelectronen microscopie te onderzoeken. Uit dit onderzoek blesk de nauwe
{morphologische) verwantschap tussen GFOCs en minigemistocyten. Het enmige 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 patroon van
parallel verlopende bundels toonde. Deze phenotypische overeenkomst suggersert dat de
GFOC en de minigemistocyt sterk gerelateerde cellen zijn.



121

DANKWOQORD

Mijn opleiders Prof.Dr. R.0Q. van der Heul en Prof.Dr. F.T. Bosman worden bedankt
voor de gelegenheid die zij boden om het proefschrift te bewerken.

Graag wilde ik Dr. C.G. van Eden en Prof.Dr. H.B.M. Uylings danken voor de
wetenschappelijke vorming en continue steun die ik van hen ontving. Mijin co-promotor
Dr. Th.H. van der Kwast, die mij in Rotterdam voortdurend in mijn wetenschappelijke
arbeid steunt en stimuleert, wordt daarvoor bedankt.

Professor S.Z. Stefanko dank ik voor zijn grote geduld bij het overdragen van zijn
encyclopedische kennis van de Neurcpathologie.

Prof.Dr. F.C. Stam dank ik bijzonder voor zijn inbreng in de inleiding van het
proefschrift.

Prof Dr. C.J.J. Avezaat dank ik voor het kritisch lezen van het manuscript, en tevens
voor de grote codperatieve instelling die hij en zijn medewerkers tonen bij het verzamelen
van neurochirurgisch materiaal.

Zonder ook maar iemand te kort te willen doen dank ik alle medewerkers van de
afdeling Pathologie Rotterdam-Dijkzigt voor hun medewerking.

J.M. Kros, Amsterdam, mei 1992






123

CURRICULUM VITAE

Johan Marinus Kros werd geboren te Apeldoorn op 23 januari 1958. Na het behalen
van de gymnasium-B opleiding t¢ Heerenveen begon hij in 1976 met de studie psychologie
aan de Universiteit van Amsterdam. In 1977 werd het propedeutisch examen behaald, en
tevens aangevangen met de studie geneeskunde aan dezelfde universiteit. Na het arts-
examen in 1986 werkie hi] op het Nederlands Instituut voor Hersenonderzoek, onder
leiding van Dr. C.G. van Eden en Prof.Dr. H.B.M. Uylings, aan het onderwerp "the
transient projections of the iractus corticospinalis in the rat". Sinds 1987 wordt hij
opgeleid tot patholoog-anatoom op de afdeling Klinische Pathologie van het Academisch
Ziekenhuis Roterdam-Dijkzigt (opleiders achtereenvolgens Prof.Dr. R.QO. van der Heul,
Prof.Dr. F.T. Bosman)}, en onder leiding van Prof.Dr. S.Z. Stefanko wordt de promoven-
dus ingewijd in het gebied van de neuropathologie.

PUBLICATIES

IM. Kros D. Troost C.G. van Eden et al.: "QOligodendroglioma. A comparison of two
grading systems.”
Cancer $1:2251-2259% (1988).

P.D. Siersema J.M. Kros B. van den Berg: Brief Report. "Cardiac manifestations of
thrombotic thrombocytopenic purpura”.
Netk J Med 35:100-107 (1589).

C.G. van Eden  J.M. Kros H.B.M. Uylings: "The development of the rat prefrontal
cortex. Its size and development of connections with thelamus, spinal cord and other
cortical areas.”

Progress in Brain Research 85:169-183 (1990).

JM. Kros C.G.vanEden S.Z. Stefanko etal.: "Prognostic implications of ghal
fibrillary acidic protein containing cell types in oligodendrogliomas”.
Cancer 66:1204-1212 (1990).

IM. Kros S.Z. Stefanko A.A.W. de Jong et al.; Ultrastruciural and immunohistoche-
mical segregation of gemistocytic subsets”.
Hum Pathol 22:33-40 (1991).

I.M. Kros Ch.J. Vecht S8.Z. Stefanko: "The pleomorphic xanthoastrocytoma and its
differential diagnosis: 2 study of five cases".
Hum Pathol 22:1128-1135 (1991).

C.P. Zwetsloot J.M. Kros H.D. Paz y Geuze: "Familial occurrence of tumours of the
choroid plexus”.

J Med Genet 28:492-454 (1991).



124

M. Xros A.AW. de Jong Th.H. van der Xwast: "Ultrastructural characterization of
transitional cells in oligodendrogliomas”.
J Neuropath Exp Neurcl 51(2):186-193 (1992).

IM. Kros C.G.van Eden C.J. Vissers et zl.: "Prognostic relevance of DNA flow
cytometry in the oligodeadroglioma”.
Cancer 69:1791-1798 (1992).



	Tumor characteristics and biological behavior of oligodendroglioma = Tumor eigenschappen en biologisch gedrag van Oligodendroglioma
	CONTENTS
	GENERAL INTRODUCTION
	PAPER 1 - 0ligodendroglioma: Relationship Between Tumor Size, Histopathology and Survival. J.M. Kros, H. Pieterman, C.G. van Eden, F.T. Bosman, Th.H. van der Kwast
	PAPER 2 - Oligodendroglioma. A comparison of two grading systems.

Kros JM, Troost D, van Eden CG, van der Werf AJ, Uylings HB.

Cancer. 1988 Jun 1;61(11):2251-9.

PMID: 3365653 [PubMed - indexed for MEDLINE] 
	PAPER 3 - Prognostic relevance of DNA flow cytometry in oligodendroglioma.

Kros JM, van Eden CG, Vissers CJ, Mulder AH, van der Kwast TH.

Cancer. 1992 Apr 1;69(7):1791-8.

PMID: 1551064 [PubMed - indexed for MEDLINE] 
	PAPER 4 - Ultrastructural and immunohistochemical segregation of gemistocytic subsets.

Kros JM, Stefanko SZ, de Jong AA, van Vroonhoven CC, van der Heul RO, van der Kwast TH.

Hum Pathol. 1991 Jan;22(1):33-40.

PMID: 1985075 [PubMed - indexed for MEDLINE] 
	PAPER 5 - Prognostic implications of glial fibrillary acidic protein containing cell types in oligodendrogliomas.

Kros JM, Van Eden CG, Stefanko SZ, Waayer-Van Batenburg M, van der Kwast TH.

Cancer. 1990 Sep 15;66(6):1204-12.

PMID: 2205356 [PubMed - indexed for MEDLINE] 
	PAPER 6 - Ultrastructural characterization of transitional cells in oligodendrogliomas.

Kros JM, de Jong AA, van der Kwast TH.

J Neuropathol Exp Neurol. 1992 Mar;51(2):186-93.

PMID: 1538242 [PubMed - indexed for MEDLINE] 
	CONCLUDING REMARKS
	SUMMARY
	SAMENVATTING
	DANKWOORD
	CURRICULUM VITAE
	PUBLICATIES

