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RÉSUMÉ

Inter-observer variabilité concernant l’évaluation de 
l’indice de prolifération Ki67 dans le gangliogliome 
et le gangliogliome anaplasique

Introduction. Le gangliogliome représente une tu-
meur neurogliale rare, affectant le plus fréquemment 
la population pédiatrique et survenant dans le lobe 
temporal. Sur la base de l’indice de prolifération Ki67, 
les gangliogliomes peuvent être divisés en bénins et 
anaplasiques.
Le but de notre étude était d’évaluer la variabilité 
inter-observer concernant l’estimation de l’indice Ki67, 
afin d’établir si un tel système pouvait avoir une repro-
ductibilité élevée.
Matériel et méthodes. L’activité proliférative de 25 cas 
incluant les gangliogliomes bénin et anaplasique a été re-
vue à travers le marqueur Ki67 (clone SP6). Les cas ont été 
évalués par cinq pathologistes différents avec différents 
degrés d’expérience, afin de tester la reproductibilité. De 
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INTRODUCTION

Ganglioglioma is a mixed neuroglial tumour 
arising most frequently in the temporal lobe of chil-
dren and young adults1. The malignant counterpart 
of ganglioglioma, anaplastic ganglioglioma, can 
arise de novo, or by subsequent malignant trans-
formation of the former2-3 . Previous editions of the 
World Health Organization (WHO) Classification of 
Tumours of the Central Nervous System have pro-
posed a three-tier system, which included also atypi-
cal ganglioglioma (WHO grade II). Nonetheless, the 
last two editions have excluded this entity, but do 
acknowledge that this category might exist, no clear 
cut histological criteria having been defined4.

Previously published studies have proposed dif-
ferent cut-off values of the Ki67 proliferation index, 
depending on which one can classify a tumour as be-
nign or malignant. However, there is a lack of consist-
ency regarding the cut-off value. Some authors con-
sider a value of 5% as adequate for the diagnosis of 
atypical ganglioglioma, while others consider a value 
of 5-7% as consistent with the diagnosis of anaplastic 
ganglioglioma4-5.

THE OBJECTIVE OF THE STUDY was to analyse the 
interobserver variability encountered in the examina-
tion of the Ki67 proliferation index. This objective 
could allow future development of a new three tier 

system for grading gangliogliomas, namely grade I, 
grade II and grade III.

MATERIAL AND METHODS

In this study we included 25 cases of ganglioglioma 
and anaplastic ganglioglioma, diagnosed during a peri-
od of 6 years (2015-2020), in the Pathology Department 
of the Emergency Clinical Hospital “Bagdasar-Arseni”, 
Bucharest. The Hematoxilin-eosin (H&E) stained 
slides have been reevaluated and new slides from the 
respective paraffin blocks were subsequently stained for 
Ki67 (clone SP6) and CD34 (clone QBEnd/10).

The Ki67 stained slides have been evaluated by 5 
different pathologists, with different levels of experi-
ence: two senior pathologists, two specialists and one 
pathologist in training. Their experience in interpret-
ing immunohistochemistry varied from 2 years to 20 
years. None of the examining pathologists knew the 
initial diagnosis or the results given by the other col-
leagues, but the H&E-stained slides of the cases were 
provided. Regarding CD34, the cases have been divid-
ed into four categories: cases which showed no reactiv-
ity for CD34, cases showing focal reactivity of single 
cells, cases with focal reactivity of clusters and cases 
with diffuse reactivity.

The clinical and imaging data have been acquired 
from the virtual and physical database of the hospital 

plus, tous les cas ont été évalués pour la réponse immu-
nologique pour CD34 (clone QBEnd / 10).
Résultats. Parmi les 25 cas inclus à cette étude, 
44% d’entre eux ont été diagnostiqués comme ganglio-
gliome anaplasique. La meilleure concordance inter-ob-
server a été notée dans les cas à faible indice Ki67 
(<5%), à savoir dans 85,71% de tous les gangliogliomes 
bénins. Les cas de gangliogliome anaplasique ayant eu 
une issue fatale présentaient des valeurs de Ki67 allant 
de 2% à 45%. Dans le gangliogliome anaplasique, la 
différence entre la valeur Ki67 attribuée la plus faible 
et la plus élevée par cas variait de 4 à 25, avec une va-
leur moyenne des différences de 11.
Conclusions. La plupart des cas de gangliogliome 
bénin peuvent être facilement identifiés grâce à Ki67, 
avec une variabilité insignifiante inter-observer. Des ré-
sultats similaires peuvent être obtenus pour les ganglio-
gliomes anaplasiques avec des valeurs Ki67 élevées. 
Néanmoins, il existe un petit pourcentage de cas aux 
valeurs de Ki67 relativement élevées et à reproductibi-
lité diminuée estimés par les pathologistes.

Mots-clés: gangliogliome, gradation, gangliogliome 
anaplasique.

Best interobserver agreement was noted in cases with 
a low Ki67 index (<5%), namely in 85.71% of all benign 
gangliogliomas. Cases of anaplastic ganglioglioma which 
had a fatal outcome featured Ki67 values ranging from 
2% to 45%. In anaplastic ganglioglioma, the difference 
between the lowest and the highest assigned Ki67 value 
per case ranged from 4 to 25, with a mean value of the 
differences of 11.
Conclusions. Most cases of benign gangliogliomas 
can easily be identified through Ki67, with little in-
terobserver variability. Similar results can be obtained 
for anaplastic gangliogliomas with high Ki67 values. 
Nonetheless, there is a small percentage of cases with 
relatively high Ki67 values and little reproducibility 
among pathologists.

Keywords: ganglioglioma, grading, anaplastic ganglio-
glioma.
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and follow up of the patients has been attained for 
a median of 48.6 months. The results provided by 
the examiners have been introduced in a Microsoft 
Excel sheet and further analysed through the SPSS 
software.

An approval was obtained from the local Ethics 
Committee of the Emergency Clinical Hospital 
“Bagdasar-Arseni”, Bucharest, Romania (registration 
number 14110/12.04.2021).

RESULTS

Out of the 25 cases included in this study, 44% 
were diagnosed as anaplastic gangliogliomas and 56% 
as benign gangliogliomas, based solely on the H&E 
aspects (Fig. 1-3). The average age of the patients diag-
nosed with anaplastic ganglioglioma was 49.5 years, 
while those with benign ganglioglioma had an aver-
age of 37.7 years.

The Ki67 proliferation index showed variable 
results (Fig. 4-5). The best interobserver agreement 
has been observed in cases of benign ganglioglioma 

with a Ki67 proliferation index of 1% or below, repre-
senting 42.86% of all benign gangliogliomas (Fig. 6). 
Even with a small degree of interobserver variability, 
values less than 5% were attained by all examiners to 
85.71% of benign gangliogliomas. However, two cas-
es (14.29%) were assigned values varying from 10% 

Fig. 1. Hematoxylin-eosin staining showing a benign gan-
glioglioma, with an abundant neuronal component, that 

includes scattered dysmorphic neurons (H.E., 200x).

Fig. 3. Hematoxylin-eosin staining showing an anaplastic 
ganglioglioma with marked pleomorphism of both glial 

and neuronal component (H.E., 400x).

Fig. 5. Ki67 immunohistochemical stain of an anaplastic 
ganglioglioma that features a proliferative index of more 

than 20% (IHC with DAB chromogen, 400x).

Fig. 4. Ki67 immunohistochemical stain 
of a benign ganglioglioma, showing a low proliferative 

index, but highlighting an atypical neuronal mitosis 
(IHC with DAB chromogen, 400x).

Fig. 2. Hematoxylin-eosin staining revealing 
an anaplastic ganglioglioma composed of dysmorphic 

neurons, interspersed within 
a high-grade glial proliferation (H.E., 200x).
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to 15%, respectively from 12% up to 20%. Upon 
follow-up, the latter case did indeed recur 5 months 
later as an anaplastic ganglioglioma, thus justifying 
the high proliferation rate from the initial excision, 
which was in opposition with the bland histological 
aspects.

The low proliferation index evaluated in benign 
gangliogliomas, strongly correlated with the high sur-
vival rate of 91.67%. The only case that had a fatal 
outcome, from those with a low Ki67 index, was in 
a patient that encountered perioperative complica-
tions and died in the first days after the surgery. The 

Fig. 6. Boxplot showing the interobserver variability in benign ganglioglioma

Fig. 7. Boxplot showing interobserver variability in anaplastic ganglioglioma.

Table 1. Comparison of the interobserver variability of 
Ki67 index interpretation between benign and malignant ganglioglioma.

Examinator

Benign ganglioglioma Anaplastic ganglioglioma

Interval of Ki67 index 
values

Average of Ki67 index 
values per examinator

Interval of Ki67 index 
values

Average of Ki67 index values per 
examinator

Examinator 1 1-13% 4% 7-45% 18%

Examinator 2 1-15% 4% 6-40% 20%

Examinator 3 1-14% 3% 2-35% 14%

Examinator 4 1-12% 3% 3-28% 12%

Examinator 5 1-20% 4% 2-40% 14%
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overall survival rate of patients diagnosed on histol-
ogy with benign ganglioglioma was of 85.71%.

The proliferation index was also evaluated in 
eleven cases of anaplastic ganglioglioma, and the re-
sults varied from case to case, ranging from very low 
values (2-7%), to very high ones (20-45%) (Fig. 7). In 
opposition with the cases of benign ganglioglioma, 
high values of Ki67 did not correlate with survival. 
Upon a separate analysis of patients that have a high 
survival rate upon follow-up, the Ki67 proliferation 
index showed a high proliferative rate, varying from 
5% to 35%. On the other hand, cases that had a fatal 
outcome, had Ki67 proliferation indices spread upon 
a wider range of values, from 2% to 45%. This result 
proves that not even low Ki67 proliferation indices 
are specific for benign gangliogliomas (Table 1). The 
overall survival rate for anaplastic ganglioglioma was 
of 36.36%. When evaluating the mean value of all 
the minimal Ki67 attributed in all cases of anaplastic 

ganglioglioma, an average of 10% is observed. When 
applying the same algorithm for the highest values of 
Ki67 indices for all cases of anaplastic ganglioglioma, 
an average of 21 is observed.

Regarding the interobserver variability in evalua-
tion of the Ki67 proliferation index, in benign gangli-
oglioma, the biggest difference per case, between the 
lowest and the highest assigned values was 8 and the 
mean difference was 2. In anaplastic ganglioglioma, 
the difference between the lowest and the highest as-
signed Ki67 value per case, ranged from 4 to 25, with 
a mean difference of 11.

CD34 expression has been evaluated and in-
terpreted according to the algorithm proposed by 
Blumcke et al6, in which three patterns of staining 
can be observed: solitary cells (Fig. 8), clusters of 
cells (Fig. 9) and diffuse staining (Fig. 10). Overall 
CD34 expression was noticed in 88% of cases, with 
most cases expressing diffuse immunoreactivity for 

Fig. 8. CD34 immunohistochemical stain revealing soli-
tary neurons that present membranous immunoreactivity 
for this marker with discrete spreading into the surround-

ing tissue. (IHC with DAB chromogen, 400x)

Fig. 10. CD34 immunohistochemical stain showing 
diffuse immunoreactivity of the tumoral area, but also 
revealing scattered immunoreactive neurons that are 

spreading into the surrounding tissue (IHC with DAB 
chromogen, 200x).

Fig. 9. CD34 immunohistochemical stain showing immu-
noreactivity of groups of neurons, without the constitution 

of diffuse areas (IHC with DAB chromogen, 400x).

Fig. 11. Chromogranin immunohistochemical 
staining of an anaplastic ganglioglioma, 

showing immunoreactivity of dysmorphic neurons 
(IHC with DAB chromogen, 400x).
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CD34 (40.91%), closely followed by the cluster pat-
tern (31.82%) and solitary cells reactivity (27.27%).

On a separate analysis of anaplastic ganglioglio-
ma, we observe that an equal percentage of cases 
showed diffuse staining (36.36%) and cluster pattern 
of staining (36.36), with only 9.09% of cases showing 
immunoreactivity in solitary cells. Out of all anaplas-
tic gangliogliomas, 18.18% of cases showed no im-
munoreactivity for CD34. The presence of neuronal 
cells was also highlighted with Chromogranin immu-
nohistochemical staining (Fig. 11).

Cases of benign ganglioglioma showed more 
diverse results regarding CD34 pattern of staining. 
Solitary cell immunoreactivity (35.71%) and diffuse 
pattern of staining (35.71%) were most frequently 
encountered, followed by cluster pattern of staining 
(21.43%) and cases that showed no immunoreactivity 
7.14%.

DISCUSSION

Ganglioglioma is a rare tumor, affecting most 
commonly the pediatric population. It is frequent-
ly associated with the presence of epileptic sei-
zures and has a predilection for the temporal lobe. 
Histologically, it is characterized by the presence of 
a mixed neuronal and glial cellular proliferation and 
frequently associates Rosenthal fibres and eosino-
philic bodies7. The glial component of the tumour 
is usually represented by a pilocytic astrocytoma8, 
but cases featuring a fibrillary, gemistocytic or pro-
toplasmatic astrocytoma component have been de-
scribed9-11. The neuronal component is composed out 
of large cells with eosinophilic, abundant cytoplasm 
and large nuclei, that can be either scattered or may 
represent the majority of the tumour. The neurons 
are usually dysmorphic, can be binucleated and may 
associate ganglioig precursors12. However, the benign 
behaviour of this tumour has been largely discussed 
in the scientific literature, especially due to their 
malignant transformation potential. This situation, 
although rare, has frequently been reported in the 
literature and was also been encountered in the pre-
sent study1,3,13.

Due to their malignant transformation poten-
tial, the diagnosis of atypical ganglioglioma has been 
proposed and different authors have proposed either 
a histological approach, an immunohistochemical or 
an imaging approach to this diagnosis14-15. Regarding 
the establishment of a possible threshold for Ki67 
proliferation index, most authors agree that a value 
below 3% is consistent with the diagnosis of benign 
ganglioglioma and that a value below 2% correlates 
greatly with the survival16-17. Our study endorses this 
estimation, with 87.51% of benign ganglioglioma 

showing a low proliferative index, below 5%, inde-
pendent of the examining pathologist, or of their 
degree of experience. Also, authors have observed 
that these cases only show immunoreactivity of the 
glial component and not the neuronal one18. On 
the other hand, most authors consider that a Ki67 
proliferation index above 10% is suggestive for the 
anaplastic character of the proliferation17,19,20. In our 
study, only 63.64% of cases featured a Ki67 prolifera-
tion rate above 10%, as estimated by 4 out of 5 pa-
thologists (interobserver agreement). Additionally, 2 
cases (14.29%) of benign ganglioglioma also showed a 
Ki67 proliferation rate above 10%. Nonetheless, one 
of those two cases did indeed progress to malignant 
transformation.

Although the current WHO classification of the 
central nervous system does not indicate a specific 
Ki67 proliferation index value for atypical gangli-
oglioma, authors have proposed a threshold of 5%, 
above which gangliogliomas can be assigned the des-
ignation of atypical5. Hirose et al also noticed that 
a high proliferation index does indeed corelate with 
the presence of anaplasia and with a high degree of 
recurrences12. Our analysis confirms this hypothesis, 
considering that cases of benign ganglioglioma with 
bland histopathological features but a high Ki67 rate, 
subsequently recurred as an anaplastic ganglioglioma. 
Another notable observation was made by Prayson 
et al, who noticed that the recurrences typically 
have a higher proliferative activity when compared 
to the primary tumour21. This affirmation was also 
confirmed in the cases included in our study, which 
featured a Ki67 proliferative index higher with 4 up 
to 8 percent in the recurrences.

Blumcke et al observed that there exists a par-
ticular pattern of staining encountered in gangli-
oglioma. Cellular neoplastic elements show surface 
membrane immunoreactivity, which can be divided 
into three types of staining: diffuse homogeneous, 
clusters of cells and isolated tumoral cells called „sat-
ellites”5-6. The same author has observed that this 
does not usually apply to anaplastic ganglioglioma, 
which usually express CD34 in a minor proportion5. 
However, other scientific articles do not endorse this 
theory. Zanello et al observed that 94% of all anaplas-
tic gangliogliomas express CD34 in the form of soli-
tary isolated cells and 16% feature a diffuse pattern 
of staining22-23. Our study also noticed a relatively 
high overall immunoreactivity for CD34 in anaplas-
tic ganglioglioma (81.82%), the large majority of cases 
showing either the diffuse (36.36%) or the cluster pat-
tern of staining (36.36%).

Published scientific articles have observed that 
the cluster pattern of staining can be encountered 
in 55.5%, while others noticed it in up to 74% of 
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cases6,24. The diffuse pattern of staining can be en-
countered in up to 55% of cases25. Including both the 
cases of anaplastic and benign gangliogliomas, in our 
study the cluster pattern of staining was present in 
28% of cases, while the diffuse pattern was encoun-
tered in 36% of all cases.

CONCLUSIONS

In conclusion, the best interobserver agreement 
can be attained for cases of benign gangliogliomas, 
with a Ki67 proliferation index below 5%. A low pro-
liferative index also correlates with a high survival 
rate of those patients. Cases with high Ki67 index 
also had an adequate interobserver agreement and 
also correlated with the mortality rate. Nonetheless, 
our study shows that there are cases of apparently 
benign gangliogliomas with a high proliferative rate, 
that may progress to anaplastic transformation, and 
also cases of anaplastic ganglioglioma with a prolifera-
tive rate below 10%, that may have a fatal outcome. 
The reintroduction of grade II (atypical) ganglioglio-
ma could be a solution to this problem, and in order 
to assign this grade, one should take into account 
both histological aspects, as well as the proliferative 
index. Further studies, on larger number of cases 
should be conducted, in order to verify the repro-
ducibility of this hypothesis. Additionally, the CD34 
expression can be observed in both benign and ana-
plastic ganglioglioma and did not correlate with the 
survival rate or disease-free survival.
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