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ABSTRACT: Background: A reliable marker for tumor oligodendroglial cells is not yet available, so
that the histological recognition of the tumor still encounters uncertainties. There is no general agree-
ment also on prognostic factors in oligodendroglioma. The inconsistency concerns mainly the
histopathological factors. The aim of the study was recognition of prognostic factors in oligoden-
droglioma. Methods: In a series of ninety-eight oligodendrogliomas, including twenty mixed oligoas-
trocytomas, clinical [sex, age at surgery, tumor location, symptoms at presentation], therapeutic [extent
of resection, year of surgery, post-operative Karnofsky score, post-operative radiotherapy, post-opera-
tive chemotherapy], histological [cell density, nuclear pleomorphism, vascular endothelial prolifera-
tion, necrosis, microcysts, mitoses, mitotic index (MI), apoptosis, apoptotic index (AI)] and
immunohistochemical parameters [MIB-1 and PCNA Labeling Indexes (LIs), staining for GFAP, posi-
tivity for p53] were correlated with survival in uni- and multivariate analysis in order to identify their
prognostic significance. Results: Age at surgery, extent of surgical resection, year of surgery, post-
operative Karnofsky score and MIB-1 LI were associated with survival in both uni- and multivariate
analysis. Location, symptoms at presentation, mitoses, MI, Al, and PCNA LI showed a significant cor-
relation with survival in uni- but not in multivariate analysis. The twenty cases of oligoastrocytomas
did not show any difference in survival from pure oligodendrogliomas. Conclusions: Some clinical and
therapeutic factors together with MIB-1 LI play a prognostic role. MIB-1 LI is prognostic with a cut-
off of 8%. Histology gives a limited contribution to the prognosis. Oligoastrocytomas had the same
outcome and prognostic factors as pure oligodendrogliomas.

RESUME: Les facteurs pronostiques dans I’oligodendrogliome. Introduction: 1l n’y a pas de marqueur spéci-
fique pour les cellules tumorales de source oligodendrogliale, ce qui cause de I’incertitude dans I’identification his-
tologique de cette tumeur. Il n’y a pas de consensus au sujet des facteurs pronostiques et les facteurs
histopathologiques n’ont pas été completement identifiés. Le but de cette étude était d’identifier les facteurs
pronostiques de 1’oligodendrogliome. Méthodes: Dans une série de 98 oligodendrogliomes, incluant 20 oligoastro-
cytomes, les parametres cliniques (sexe, dge a I’opération, localisation de la tumeur, symptomes initiaux), thérapeu-
tiques (étendue de la résection, année de 1’opération, score de Karnofsky postopératoire, radiothérapie
postopératoire, chimiothérapie postopératoire), histologiques {densité cellulaire, polymorphisme nucléaire, pro-
lifération vasculaire endothéliale, nécrose, microkystes, mitoses, indice mitotique (MI), apoptose et indice apopto-
tique (IA)] et immunohistochimiques [indice de marquage MIB-1 et PCNA (IM), positivité pour GFAP et p53} ont
été corrélés avec la survie par analyse uni et multivariée, pour identifier leur signification pronostique. Résultats:
L’4ge a I’opération, I’extension de la résection chirurgicale, I’année de 1’opération, le score de Karnofsky
postopératoire et le MI MIB-1 étaient associ€s avec la survie dans 1’analyse tant univariée que multivariée.
L’analyse univariée, mais non I’analyse multivariée, montrait une corrélation de la localisation de la tumeur, des
symptdmes initiaux, des mitoses, du MI, de I'IA et de I’IM PCNA avec la survie. Les 20 cas d’oligoastrocytomes
ne montraient aucune différence quant a la survie par rapport aux oligodendrogliomes pures. Conclusions: Des fac-
teurs cliniques et thérapeutiques ainsi que 1'IM MIB-1 jouent un rdle pronostique. L'IM MIB-1 est pronostique
avec un point de coupe a 8%. La contribution de I’histologie au pronostic est limitée. Les oligoastrocytomes
avaient la méme issue et les mémes facteurs pronostiques que les oligodendrogliomes pures.
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Oligodendrogliomas appear histologically as rather homoge-
neous tumors but, in practice, their nosographic delimitation is
not easy and their frequency greatly varies in the different
series: 18.8%!' and 5%.2 Furthermore, their prognosis is not yet
completely defined, because there is no general agreement in the
literature on the prognostic significance of several factors. The
evaluation of new chemotherapeutic associations>¢ requires a
better knowledge of the prognosis. The application of histologi-
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cal grading systems has led to contrasting results. In some series
three grades™ and in other series only two grades!o have been
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prognostically useful. Among histological features, necrosis has
emerged as a more constant prognostic factor than mitoses.!!12
Tumor location appears to be a prognostic factor,” as well as the
extent of surgical removal.'!*> More recently, MIB-1 and PCNA
labeling indexes (LIs) have been identified as useful prognostic
factors.®!%+15 The problem is complicated by the recognition of
oligoastrocytoma as a tumor entity by the WHO Classification.'¢
In previous investigations, some large oligodendroglioma series
included oligoastrocytomas*”'*'8 while other series kept them
separated®!%13171% for prognostic evaluation. In the present
paper, the results of a study of ninety-eight oligodendrogliomas,
including twenty oligoastrocytomas, are presented: prognostic
factors are identified among different clinical, therapeutic, histo-
logical and immunohistochemical variables.

MATERIALS AND METHODS

One hundred and thirty-six cases of supratentorial oligoden-
droglioma, consecutively operated in the Departments of
Neurosurgery of the Universities of Turin, Milan and Novara
(Italy) from 1960 to 1992, were studied. Fifteen patients lost to
follow-up and ten patients who died within 30 days of surgery
were excluded from survival analysis. Thirteen patients who
underwent biopsy only were excluded, since the histopathologi-
cal parameters were not reliable in these cases. Ninety-eight
cases were thus eligible for analysis of prognostic factors. The
series included twenty cases of mixed oligoastrocytoma.

Patient Population

Fifty-six cases were male (57%) and forty-two female (43%).
The age at surgery ranged from 18 to 69 years (mean, 45 ys).
Thirty-six patients underwent early post-operative radiotherapy
(doses > 40 Gy), six of which also underwent chemotherapy.
One patient had chemotherapy only.

Pathology

Surgical specimens were fixed in Carnoy or formalin and
embedded in paraffin. Five-micron thick sections were cut and
stained by hematoxylin-eosin (H&E). All specimens were histo-
logically reviewed in a blinded fashion and categorized by two
of us (D. S. and A. D.). The degree of concordance was > 90%.
The grading system of the St. Anne-Mayo?® was used.

Factors Examined

For each patient, clinical, therapeutic, histological and
immunohistochemical parameters were considered.

Clinical Parameters: 1) sex; 2) age at surgery; 3) tumor
location; 4) symptoms at presentation (headache, partial or gen-
eralized seizures, focal neurologic deficits, intracranial hyper-
tension or two or more of the previous symptoms).

Therapeutic Parameters: 1) extent of surgical resection
(total or partial); 2) year of surgery (before 1970, 1970-1980 or
after 1980); 3) post-operative Karnofsky score; 4) post-opera-
tive radiotherapy (yes or no); 5) post-operative chemotherapy
(yes or no).

The extent of surgical resection was determined solely from
the operative reports. No consideration was given to post-opera-
tive imaging studies.

Histological parameters, studied on H&E stained sections: 1)
cell density (< 90 vs. = 90 cells by high power field, HPF, at
1000x); 2) nuclear pleomorphism (present or absent); 3) vascular
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endothelial proliferation (absent, moderate or abundant); 4)
necrosis (present or absent); 5) microcysts (present or absent); 6)
mitoses (present or absent) and mitotic index (MI); 7) apoptosis
(present or absent) and apoptotic index (AI). Apoptotic nuclei
were recognized by the aspect of their chromatin and by the in-
situ end-labeling (ISEL) of DNA breaks by terminal deoxynu-
cleotidyl transferase (TdT) and digoxigenin-11-dUTP.2!

Immunohistochemical Parameters: 1) staining for GFAP; 2)
LI for MIB-1 and PCNA; 3) positivity for p53.

GFAP immunostaining was detected by GFAP monoclonal
antibody (MAb), clone 6F2 (Dako), diluted 1:100. MIB-1
immunostaining was detected by Ki-67 MAb, clone MIB-1
(AMAC Inc.), diluted 1:100. PCNA immunostaining was
detected by PCNA MAD, clone PC 10 (Dako), diluted 1:300.
p53 protein accumulation was detected by p5S3 MAb, clone DO-
1 (Oncogene Sci.), diluted 1:100. The immune reactions were
revealed by Strept-ABC and by diaminobenzidine as a chro-
mogen. Light counterstaining was performed with hematoxylin.
For MIB-1 dewaxed sections were immersed in citrate buffer
and processed in a microwave oven (Whirlpool) at 750 Watt, 5 x
3 minutes.

The cases with gliofibrillary oligodendrocytes (GFOC)
and/or minigemistocytes (MG) expressing GFAP,22 indepen-
dently of the extension of their distribution, were considered
GFAP-positive oligodendrogliomas. Reactive astrocytes were
not considered, whereas tumor astrocytes and regular gemisto-
cytes, either in small or wide areas or interspersed in the tumor,
were considered as the astrocytic componenent of a mixed
oligoastrocytoma.

AI, MI and LI for MIB-1 and PCNA were calculated as per-
centages, by counting at least 10 HPF at 1000x (0.02 mm?) and
not less than 1000 cells. Al, MI and LI of each tumor were those
corresponding to the areas with the highest values. PCNA LI
was calculated after counting only very intensely positive
nuclei, more probably corresponding to the S phase.??
Therefore, PCNA LIs were usually lower than MIB-1 LlIs. The
analysis of PCNA and MIB-1 LIs was performed in 71 cases.
p53 immunostaining was categorized as present or absent.

Statistical Analysis

Actuarial survival curves were generated by using the
Kaplan-Meier method?* with death as end point. For numeri-
cally continuous variables (age, Karnofsky score, MI, AI, PCNA
LI and MIB-1 LI) the cut-off point which best subdivided
patients into distinct survival groups was searched, according to
Segal .2 The relationship between each parameter and survival
was examined in a series of univariate analyses performed using
a log-Rank test.26 Cox regression analysis with multiple inde-
pendent variables was then employed to identify parameters that
were independently predictive of survival.?’ p values (2-sides)
< 0.05 were considered to be significant.

RESULTS

Survival

Post-operative mean and median survival times were 66 (x 6)
months and 51.6 months respectively. The overall 5- and 10-
year survival rates were 40% and 14% respectively. At the time
of the analysis twenty patients (20%) were still alive.
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Univariate and Multivariate Survival Analysis

Univariate analysis was performed in order to establish the
correlation between each parameter and survival (Table 1). The
following clinical and therapeutic parameters resulted signifi-
cantly correlated with survival: age (Figure 1), tumor location,
symptoms at presentation (Figure 2), extent of surgical resection
(Figure 3), period of surgery performance (Figure 4), post-oper-

ative Karnofsky score (Figure 5).

Table 1: Statistical Correlation Between Each Parameter Studied and

Survival in Univariate Analysis.

FACTORS EXAMINED p value
sex ns.
age at surgery (< 30 vs. 30-50 vs. > 50) p=0.0003
tumor location (frontal vs. others) p=0.02
symptoms at presentation (headache vs. partial seizures p=0.005
vs. generalized seizures vs. focal neurologic deficits vs.
intracranial hypertension vs. two of previous symptoms or more)
extent of resection (total vs. partial) p=003
year of surgery (before 1970 vs. 1970-1980 vs. after 1980) p=0.008
post-operative Karnofsky score (< 60 vs. 70-80 vs. = 90) p=0.0001
post-operative radiotherapy (yes vs. no) ns.
post-operative chemotherapy (yes vs. no) ns.
grading according to St. Anne-Mayo system n.s.
cell density (< 90 vs. 2 90 cells by HPF at 1000x) ns.
nuclear pleomorphism (present vs. absent) ns.

vascular endothelial proliferation (absent vs. moderate vs. abundant) n.s.

necrosis (present vs. absent) n.s.
microcysts (present vs. absent) ns.
mitoses (present vs. absent) p=004
mitotic index (MI < 0.2% vs. 2 0.2%) p=002
apoptosis (present vs. absent) ns.
apoptotic index (Al < 0.05% vs. = 0.05%) p=005
immunostaining for GFAP n.s.
MIB-1 LI (MIB-1 LI < 8% vs. = 8%) p=002
PCNA LI (PCNA L1 <3.5% vs. 2 3.5%) p=002
positivity for pS3 (present vs. absent) n.s.

Effects of histologic grades on survival: no statistical correla-
tion was found between tumor grades, according to the St.
Anne-Mayo grading system, and survival (p = 0.24) (Figure 6).
Also grouping together grade 1-2 and grade 3-4 no correlation
was found. A trend towards a shorter survival was found for
tumors of grade 4 compared with the tumors of grades 1-2-3
grouped together. The median survival time of the first group
was 28 months versus 58 months of the second group (p = 0.06).
The presence of mitoses correlated with a shorter survival (p =
0.04). Tumors with MI = 0.2% (n = 48) had a median survival
time of 28 months, compared with 74 months for tumors with
MI < 0.2% (n = 50) (p = 0.02). The occurrence of apoptosis
(Figure 7a) did not correlate with survival, while Al did. Tumors
with Al = 0.05% (n = 36) had a median survival time of 28
months, compared with 58 months of tumors with Al < 0.05%
(n = 62) (p = 0.05). Other histological parameters did not signif-
icantly correlate with survival. Correlation of proliferation
markers with survival: the median survival time of the 36 cases
with MIB-1 LI = 8% was 26 months versus 80 months of the 35
cases with MIB-1 LI < 8% (p = 0.02) (Figure 8). Example of
MIB-1 staining is shown in Figure 7b. The median survival of
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Figure I1: Survival of patients by age (p = 0.0003).
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Figure 2: Survival of patients by symptoms at presentation (p = 0.005).
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Figure 3: Survival of patients by extent of resection (p = 0.03).

315


https://doi.org/10.1017/S0317167100032984

THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES

100

80 -

* before 1970 {(n=17)
*-1970-1980 (n=17)
“+ after 1980 (n=64)

60

40+

survival rate

204

0 T T T T 610 T T T 112 T T i T T
fime (months)

Figure 4: Survival of patients by year of surgery (p = 0.008).
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Figure 5: Survival of patients by post-operative Karnofsky score (p =
0.0001).

the 44 cases with PCNA LI = 3.5% was 29 months versus 58
months of the 27 cases with PCNA LI < 3.5% (p = 0.02).

Radiotherapy: thirty-six patients received post-operative
radiotherapy, while 62 did not. The median survival of the two
groups were not significantly different: 56 and 57 months,
respectively. Radiotherapy after total removal did not affect sur-
vival. Patients who underwent partial resection plus radiother-
apy showed a trend towards better survival: median survival of
59 months compared to 25 months of patients who underwent
partial resection only (p = 0.11). Only 7 patients received
chemotherapy. The comparison between this little group and the
group that did not receive chemotherapy was not significant (p =
0.35).

After immunostaining for GFAP, the 26 tumors showing the
presence of GFOC and/or MG did not differ for survival from
GFAP-negative oligodendrogliomas. Similarly, the 20 cases
containing tumor astrocytes and regular gemistocytes did not
differ from pure oligodendrogliomas.
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Figure 6: Survival of patients by the St.Anne-Mayo grading system (p
=ns.).

Only 13 cases showed a positivity for pS3. In 4 cases > 50%
of nuclei were intensely and diffusely positive in the whole
specimen, in 2 cases > 50% of nuclei were weakly and diffusely
positive in the whole specimen; in 7 cases nuclear staining was
only locally positive and interested < 20% of nuclei. Out of the
20 cases of oligoastrocytoma only 2 showed a diffuse and irreg-
ular positivity. Four of the p53-positive cases, with focal and
weak positivity, belonged to the group of grades 1-2. Nine posi-
tive tumors were of grade 3-4, representing almost 20% of
tumors of these grades. Positivity for p53 was not significantly
associated with survival. In multivariate analysis, the factors
associated with survival are indicated in Table 2.

Table 2: Factors Associated with Survival in Multivariate Analysis by
Cox Proportional Hazard Method.

FACTORS ASSOCIATED WITH SURVIVAL IN

MULTIVARIATE ANALYSIS P value
age at surgery (< 30 vs. 30-50 vs. > 50) p=0.02
extent of resection (total vs. partial) p=001

year of surgery (before 1970 vs. 1970-1980 vs. after 1980) p =0.007
post-operative Karnofsky score (< 60 vs. 70-80 vs. 2 90)  p=0.0001
MIB-1 LI (MIB-1 LI < 8% vs. = 8%) p=003

DIscussION

The survival times in our series, mean 66 (+ 6) months and
median 51.6 months, are within the ranges found in most of the
previous studies,'>!'3!% but longer survivals have been
reported.'%"?

One of the most important points to be discussed is histology.
There is no general agreement in the literature either on the
prognostic significance of the different histological factors, on
the criteria for recognizing the histological grades, or on the cor-
relation between grade and survival. Some reports, reviewing
large series, discussed the problem of prognosis in relation to
histological features, but various factors appeared to have a dif-
ferent prognostic significance. For example, pleomorphism was
a negative prognostic factor’ and, in other series, necrosis was
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Figure 7: Oligodendrogliomas: a) apoptotic nuclei and bodies, H&E,
1000x; b) high MIB-1 Ll in a grade 4 oligodendroglioma, MIB-1, 200x.

associated with shorter survivals'!' even in multivariate analy-
sis.!2!7 Mitoses did not represent a prognostic factor!! or were
prognostic only in multivariate analyses.”'? The criteria pro-
posed by the WHO Classification in order to distinguish the
classic from the anaplastic variant of the tumor are important
guidelines but they are rather subjective. In older reports, a
faster progression of more anaplastic tumors in comparison
with well-differentiated ones was not found.?®-3° Later, a three
grade system was proved to have prognostic significance’ and
recently these results were confirmed in multivariate analysis.’
In another recent study'® a correlation with survival was found
grouping together grade 1+2 and grade 3+4, either using
Kernohan®' or the St. Anne-Mayo system,?® with a more sig-
nificant correlation by the former in comparison with the lat-
ter. In our series, no statistically significant correlation was
found using the four grade system of the St. Anne-Mayo even
though, grouping together grades 14243 against grade 4, a
trend towards a worse survival of the highest grade was
observed. It should be emphasized that presence of mitoses
was the only parameter, among those employed for the recog-
nition of grades, which was statistically correlated with sur-
vival (p = 0.04). Using MI with a cut-off at 0.2% a better
correlation with survival emerged (p = 0.02). It is important to
note that in oligodendrogliomas there is a wide overlapping of
MI between classic and anaplastic variant, identified with the
St. Anne-Mayo system.*? In this grading system, mitoses are
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Figure 8: Survival of patients by MIB-1 labeling index (LI) (p = 0.02).

evaluated as present or absent, regardless of their number, so
that one single mitosis may shift the grade of a tumor to the
higher one. This can be a bias, because the prognostic signifi-
cance of one single mitosis may depend on the number of
fields counted before finding it. However, using MI with a cut-
off at 0.2% instead of the presence of mitoses in the St. Anne-
Mayo system, the correlation between grades and survival did
not significantly change.

The evaluation of Al by counting apoptotic nuclei, either
after staining with basic dyes or ISEL-technique, encounters
many technical difficulties.*® Al cannot be used directly for
prognostic purposes, since it must be discussed in the light of
many factors. Many observations suggest that Al can be corre-
lated either with survival or with the proliferative potential of
the tumor. For example, in bladder cancer, it is related to mitotic
activity and it is not a prognostic factor.* In neuroepithelial
tumors, Al was found to correlate weakly with proliferation
marker LIs;* moreover, even following the variation of MI, it
did not correlate with survival.*® On the contrary, in the present
series Al was found to correlate very weakly with survival (p =
0.05). A possible explanation is that Al represents a phenome-
non correlated with mitoses. However, both Al and MI lose their
significance in multivariate analysis. For MI our results are in
agreement with a recent investigation.’

The prognostic importance of MIB-1 LI has already been
emphasized.®* In our series it represents a prognostic factor
also in multivariate analysis. However, it should be considered
that there is a wide overlapping of MIB-1 LI ranges between the
classic and the anaplastic variant, as defined by the St. Anne-
Mayo system. Since no significant correlation between grades
and survival was found in our study, MIB-1 LI comes out as a
very important prognostic factor, adding prognostic information
independently from histopathologic grading. PCNA LI is prog-
nostic in univariate analysis, but not in multivariate analysis.
This is consistent with the lower reliability of PCNA LI, mainly
because of the weak reproducibility of the staining.36-3

Oligoastrocytomas were included in this series, as in
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others #7138 Qligodendrogliomas containing tumor astrocytes
and gemistocytes, independently from the extension of astro-
cytic areas, did not show any difference in comparison with
pure oligodendrogliomas for survival. Considering separately
oligodendrogliomas with GFOC and/or MG and GFAP-nega-
tive oligodendrogliomas, no difference was observed in sur-
vival. It must be stressed that our oligoastrocytomas were
selected from a series of oligodendrogliomas and not from a
series of astrocytomas with oligodendroglial areas. However,
in a large series of mixed oligoastrocytomas whether the oligo-
dendrocytic or astrocytic component was predominant or
whether the two components were equally represented, did not
significantly affect survival.®

Recent experimental observations provide evidence that
oligodendrocytes and type 2 astrocytes are derived from an
O-2A progenitor cell which is A2B5-positive. Since astrocytic
tumor cells in some mixed oligoastrocytomas showed immuno-
staining for A2BS, neoplastic transformation of these progenitor
cells could give rise to both pure and mixed oligo-
dendrogliomas.**#® More recently, oligodendrogliomas and
oligoastrocytomas have been shown to share the same genetic
alterations with high incidence: loss of heterozygosity on chro-
mosome 1p and 19q.4'#? Oligoastrocytomas showed these alter-
ations in both areas of oligodendroglial and astrocytic
differentiation.** These findings suggest the monoclonal origin of
the astrocytic and oligodendroglial components of mixed tumors.

In our series p53 accumulation was detected only in 13 cases
and it had no prognostic significance. If compared with the fre-
quency of p53 accumulation in other oligodendroglioma
series,** the rate is quite low (13%). However, our rate is
much closer to that of p53 mutation, usually point mutation,
found in molecular biology studies (10%).%6 p53 mutations are
more characteristic of astrocytic tumors.*’

In the present study, age at surgery and total resection are
good prognostic factors in both uni- and multivariate analysis,
as previous observations proposed. In fact the extent of surgical
removal has been identified as a prognostic factor in univariate
analysis'®!3 and in a recent series age appears to be an indepen-
dent prognostic factor.’ The significant difference in survival
according to the decades in which surgery has been performed is
not surprising. The use of CT-scan, the improvement of neuro-
surgical techniques and resuscitation care in patients in the last
decades seem to be responsible. Furthermore, it should be con-
sidered that the earlier diagnosis due to the use of CT-scan in the
period following 1976, could have prolonged the total duration
of the disease. Generalized seizures and frontal location were
correlated with better survival in univariate analysis, as
observed respectively in previous studies.®'® However, in our
series, Kamofsky status is definitely the most important factor
in multivariate analysis.

In the literature, post-operative irradiation has been found
either to prolong survival'>!%4% or not.3!7 Our findings that
radiotherapy is ineffective when performed in patients with total
removal and responsible for a trend towards longer survival in
patients with partial removal are in agreement with previous
observations that radiation therapy is useful in patients with par-
tial resection, provided that high doses are given.!° In our series
no patient was irradiated with < 40 Gy.
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Our conclusions are that histology is hardly useful for prog-
nostic purposes and that MIB-1 LI can help in recognizing the
malignant variant. Clinical and therapeutic parameters such as
age, extent of surgical removal, post-operative Karnofsky status
show a clear prognostic value.
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