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Abstract

Introduction: Gliomas are neoplasms with high recurrence and mortality. Due to the difficulty to apply the World Health
Organization (2016) classification, developing countries continue to use histological evaluation to diagnose and classify these
neoplasms. Objective: To develop a semi-quantitative scale to numerically grade gliomas by its morphological characteristics.
Method: A cohort of patients with gliomas was assessed and followed for 36 months. Tumor tissue sections were analyzed
and graded, including aspects such as cell line, cellularity, nuclear pleomorphism, mitosis, endothelial hyperplasia, hypoxic
changes, apoptotic bodies, necrosis, hemorrhage and proliferation index. Results: 58 cases were analyzed. Low-grade gli-
omas median score was 12 points (9 and 13.5 for percentiles 25 and 75, respectively), whereas for high-grade gliomas it
was 17 points (16 and 20.5 for percentiles 25 and 75, respectively) (p < 0.0001). Thirty-six-month survival of patients with
low (13/17) and high grade gliomas (6/41) was also significantly different (p < 0.0001). Conclusions: The semi-quantitative
morphological scale allows an objective evaluation of gliomas, with an adequate correlation between the score, tumor grade
and survival time.

Glioblastoma. Low-grade glioma. Semi-quantitative grading. Neuropathological assessment.

initial histological evaluation hinders an accurate
determination of its incidence and prevalence and can
have a negative impact on patient care.?

Currently, molecular markers are part of the diagnosis
criteria, since the World Health Organization recent
classification, in the section of tumors of the central
nervous system, includes 1p/19q (LOH) co-deletion,
mutation of the IDH1 protein and ATRX gene promoter

|ntroduction

Gliomas are primary brain tumors whose precursor
cells show morphological and genetical expression
similar to those on glial tissue. Gliomas include astro-
cytomas, oligodendrogliomas and ependymomas.
The updated classification of human gliomas is based
on the histological criteria issued by the World Health

Organization and specific molecular markers.! Grade
is assigned from | to IV based on morphological char-
acteristics such as vascular proliferation, mitosis,
pleomorphism and necrosis, among others. However,
these criterialeave room for subjective interpretation and
rises intra- and inter-observer variability among
neuropathologist. Glioma flowed classification on
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mutation, as part of the mandatory evaluation of glio-
mas, especially in health care centers where the oli-
goastrocytomas diagnosis is frequent.! Unfortunately,
new genotyping techniques or immunohistochemical
tests are not always available in developing countries;
for this reason, the updated classification has included
the “non-specific designation” category when there is
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no adequate tools available for the description of the
cell line." Therefore, with recognition of these limita-
tions, it is important to improve morphological criteria
that help determine histological grade, size, localization
and cell differentiation patterns, which in addition to
improving diagnosis accuracy, contributes prognosis to
be established.®

In the presented research, the use of a semi-quanti-
tative scale based on morphological characteristics
was proposed, including others not currently used for
histological classification such as endothelial hyperpla-
sia, apoptotic bodies, hemorrhage and hypoxic chang-
es; this tool is intended to developed a better
inter-observer variability, diagnosis and classification of
these tumors and serve as a first step for prognosis.

Method

A cohort of patients with presumptive diagnosis of gli-
oma, being taken care at the Department of Neurosur-
gery of the Specialty Hospital, National Medical Center
Siglo XXI, who were recruited between 2011 and 2014
and in writing agreed to participate, after receiving infor-
mation on the research. The present protocol was ap-
proved by the National Committee of Scientific Research
of the Mexican Institute of Social Security. Inclusion cri-
teria comprised cases with initial presumptive diagnosis
of glioma, confirmed by two expert neuropathologists. If
a diagnosis mismatch situation ocurred, the assessment
of a third neuropathologist was requested. When two
neuropathological diagnoses matched, final diagnosis
was established. To determine survival time, all patients
were followed for at least 36 months after surgery.

Tissue samples, fixed in formalin and embedded in
paraffin, were obtained from the hospital's Pathology
Department files. Tumor morphology was determined in
5-um tissue sections, stained with hematoxylin and eo-
sin. Ki67 immunohistochemical detection was carried out
with the DIVA™ reagent, Ki67 primary antibody (both
from Biocare Medical, Concord, California, USA) and
ImMmPRESS™ HRP Universal Antibody detection system
(anti-mouse IgG/anti-rabbit 1gG, peroxidase; Vector Lab,
USA). Finally, the secondary antibody was determined
with diaminobenzidine (Biocare Medical, Concord, Cali-
fornia, USA). All slides were visualized with an optical
microscope (model E600, Nikon Eclipse, Japan).

Glioma semi-quantitative assessment

Tumor tissue assessment was carried out with the
available slides for each case, depending on tumor

size, according to the following characteristics: cell
lineage, cellularity, nuclear pleomorphism, mitosis, en-
dothelial hyperplasia, hypoxic changes, apoptotic
bodies, necrosis, hemorrhage and proliferation index.
According to the cell lineage, tumors were divided into
astrocytoma, oligodendroglioma, ependymoma or
“non-specific designation”, formerly identified as oli-
goastrocytomas, gangliogliomas or mixed gliomas.*
Astrocytic neoplasms were assigned a score of 3
(high score), owed to their blurry infiltrative nature and
their high recurrence secondary to the difficulty of full
resection. “Non-specific designation” neoplasms were
assigned a score of 2 (intermediate), due to their
mixed astrocytic cell lineage; neoplasms of other cell
lineages such as oligodendrogliomas and ependymo-
mas received a score of 1 and 0 (low), respectively,
due to their benign behavior (Table 1).

The following variables were assessed according to
their characteristics and were assigned a numerical
value between 0 and 3: 0 absence, 1 scarce, 2 mod-
erate and 3 abundant (Table 1). Cellularity was deter-
mined according to the percentage of cells in relation
to their fibrillar mesh (FM, cell: FM) with 10x magnifi-
cation. Nuclear pleomorphism was assessed based on
nuclei size and regularity, as well as on chromatin
condensation with a 40x magnification, with a value of
1 being assigned to regular and monotonous nuclei of
between 7 and 10 pm in size. The number of mitoses
was calculated per field, considering 10 fields with 40x
magnification. Endothelial hyperplasia was calculated
by the number of vessels per field with 10x magnifica-
tion. Hypoxic changes were identified by hypereosin-
ophilic neoplastic cells with picnosis, quantifying 10
fields with 40x magpnification. Necrosis and hemor-
rhage were determined by the percentage per field in
each sample with 10x magnification. Finally, the pro-
liferation index was determined by the percentage of
Ki67 nuclear expression with 40x magnification.

Statistical analysis

The descriptive analysis included frequency, per-
centages, average + standard deviation (SD) or me-
dian with 25" and 75" percentiles (p25-p75) according
to variables’ distribution. Differences between histo-
pathological scores of low and high grade tumor
groups were estimated using the non-parametric
Mann-Whitney U test, and for overall survival, Fisher’s
exact test was used, calculated with GraphPad Prism
version 5.0. A p-value < 0.05 was considered statisti-
cally significant.
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Semi-quantitative morphological assessment of brain gliomas*

Cell lineage Type Ependymal Oligodendrocyte Non-specific designation Astrocyte

Score 0 1 2 3
Cellularity Percentage <10 % 11-25 % > 25 %
Assessment at 10x Score 1 2 3
Nuclear pleomorphism  Mild/moderate/ Regular and Variable size nuclei Irregular size nuclei
Assessment at 40x severe monotonous nuclei, of 10-15 um with >15 um with granular and

7-10 umin size compact chromatin open chromatin

Score 1 2 3
Mitosis Number <5 6-10 > 10
Ten fields at 40x Score 1 2 8
Endothelial hyperplasia  Number 0 1-5 6-10 > 10
(blood vessels)
Assessment at 10x Score 0 1 2 3
Hypoxia Number 0 1-5 6-10 > 10
10 fields at 40x Score 0 1 2 3
Apoptosis Number 0 1-5 6-10 > 10
Apoptotic bodies
Ten fields at 40x Score 0 1 2 )
Necrosis Percentage 0% 110 < 30% 30to < 70% > 70%
Assessment at 10x Score 0 1 2 )
Hemorrhage Percentage 0% 110 < 30% 30to < 70% > 70%
Assesment at 10x Score 0 1 2 &)
Proliferation index Percentage 0% 1to<10% 10 to < 20% > 20%
Ki67 nuclear expression
Assessment at 40x Score 0 1 2 3

Total score

*The assessment was carried out in all the slides available for each case. Tissue evaluation at 10x or 40x: the entire case is evaluated with 10x or 40x magnification. Ten fields at 40x:
ten different fields are analyzed separately with a 40x magnification. Cellularity is determined by the percentage of cells (cell %) that is observed in relation to their fibrillar mesh (FM).
Pleomorphism considers nuclei size and regularity and chromatin condensation. Mitosis quantifies the number of dividing cells per field at 40x. Endothelial hyperplasia is determined
by the number of vessels per field. Hypoxic changes are identified by hypereosinophilic neoplastic cells with picnosis. Necrosis and hemorrhage are determined as the percentage

in tissue sections per sample. The proliferation index is determined by the percentage of cells with Ki67nuclear expression. Glioma classification: low grade from 3 to 14 points, high

grade from 15 to 30 points.

Results

Fifty-eight patients with an average age of
52.1 + 16.4 years were evaluated; the male gender pre-
dominated (60.3 %). The neuropathologists concurred
in 48 cases (83 %). A third neuropathologist assessed
10 discordant cases; once the opinion of two evaluators
matched, final diagnosis was established. The most
common localization for the tumor was in the left hemi-
sphere (56.6 %), with a predominance in the frontal and
parietal lobes (38.2 and 28.9 %, respectively); 84 % of
the tumors were from astrocytic origin (49/58), with glio-
blastoma being the most common (65.5 %). The tumors
were divided into low (grades | and Il) and high grade
(grades lll and IV). Mean age of patients with low grade
gliomas (n = 17) was 44.4 + 17 years and 55.3 =
15 years for those with high grade gliomas (n = 41).

Male gender predominance was observed in both
groups: 65 and 56.1 %, respectively (Table 2).

Morphological characteristics of the tumors includ-
ed in the semi-quantitative evaluation are shown in
Figure 1. The score range of the tumors was 6 to 26
points (including each parameter). The median for
low-grade gliomas was 12 points (9-13.5) and 17
points (16-20.5) for high-grade gliomas, which showed
a statistically significant difference (p < 0.0001).

The scores about main biological characteristics of
malignant astrocytomas, such as cell proliferation, an-
giogenesis and cell death, were estimated. The cell
proliferation value was obtained by adding the scores
of the following parameters: cellularity, nuclear pleo-
morphism, mitosis and Ki67; a significant difference
was noticed between hign and low grade (p = 0.0002).
The angiogenesis value was obtained by adding the
endothelial hyperplasia and hemorrhage scores, with a
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Table 2. Demographics, localization, laterality and diagnosis of patients with low- and high-grade gliomas

% Left/right n % Left/right n % Left/right
Demographics
Age, years + SD 521+ 16.4 44.4 +16.9 55.3 + 15.2
Patients 58 100 — 17 29.3 — 41 70.7 —
Males 36 60.3 — 13 65.0 — 23 56.1 —
Affected lobes
1 89 60.3 18/17 13 8/5 22 53.7 10/12
2 19 32.7 8/11 2 76.5 0/2 17 41.5 8/9
) 1 1.7 on — 11.8 — 1 24 0/1
Extralobar 8 52 — 2 1.7 — 1 24 —
Localization
Frontal 29 38.2 16/13 10 58.8 6/4 19 32.2 10/9
Parietal 22 28.9 7115 2 1.8 0/2 20 33.9 7/13
Temporal 16 21.1 5/11 4 235 2/2 12 20.3 3/9
Occipital 9 11.8 5/4 1 5.9 0/1 8 13.6 5/3
Histopathological diagnosis
Glioblastoma 38 65.5 16/22 — — — 38 95.0 16/22
Alll 1 1.7 01 — — — 1 24 0/1
NSD Il 1 1.7 0/1 — — — 1 2.4 0N
Ell 1 17 1/0 — = — 1 2.4 1/0
All 10 17.2 3/7 10 58.8 37 = = —
NSD Il 5] 8.6 411 ) 29.4 4/1 = = —
Ol 1 1.7 10 1 59 10 — — —
Ell 1 17 o/ 1 59 /1 - — —
Total 58 100 25/33 17 100 8/9 41 100 17/24

A lll = grade IIl anaplastic astrocytoma, NSD Il = grade Il non-specific designation, E Il = grade Il anaplastic ependymoma, A Il = pleomorphic xanthoastrocytoma, diffuse
astrocytoma, gemistocytic astrocytoma; NSD I = grade Il non-specific designation, O Il = grade Il oligodendroglioma, E Il = grade Il ependymoma.

=

Figure 1. Cell characteristics for the semi-quantitative morphological evaluation of brain gliomas. The scores correspond to the characteristics
indicated in Table 1. Cellularity: A: score of 2 and cell percentage of 15 %; B: score of 3 and cell percentage of 50 %. Nuclear pleomorphism:
C: score of 1 (regular nuclei, 7 to 10 um); D: score of 3 (irregular nuclei,> 15 um). Mitosis: E: score of 1 (0-5 mitoses); F: score of 3 (> 10 mitoses).
Endothelial hyperplasia: G: score of 0 (absent); H: score of 3 (> 10 blood vessels). Hypoxia: I: score of 0 (absent); J: score of 3 (> 10 cells with
picnosis). Apoptosis: K: score of 0 (absent); L; score of 3 (> 10 apoptotic bodies). Necrosis: M: score of 0 (absent); N: score of 3 (> 70 %).
Hemorrhage: O: score of 0 (absent); P: score of 3 (> 70 %). Proliferation index: Q; score of 1 (Ki67 expression <10 %); R: score of 3 (Ki67
expression > 20 %). The scores were added to obtain a total value and predict the tumor grade. In 40x magnification, the bar corresponds to a
20-um scale for cellularity, nuclear pleomorphism, mitosis, apoptosis and Ki67 expression. In the 10x magnification, the bar corresponds to a
50-um scale for endothelial hyperplasia, necrosis and hemorrhage. Histological characteristics are indicated with a black arrow.

significant difference was found (p = 0.0005). Cell When the 36-month survival rate was considered,
death value was calculated by adding the necrosis and  follow-up was only performed in 14/17 patients with
apoptosis scores; a significant difference was also ob-  low-grade tumor who received treatment (one died
served (p < 0.0001) (Figure 2). in the postoperative period and two were lost during
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A Overall morphological assessment
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Differences in low and high grade glioma scores. A: overall morphological evaluation (includes all parameters), *p < 0.0001. B: cell pro-
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follow-up) and in 22/41 patients with high-grade tumor
(five died in the postoperative period, 11 were lost in
the follow-up and three refused to postoperative ra-
diotherapy and chemotherapy treatment). For the re-
cord, 13/17 patients with low grade (76.4 %) and 6/41
with high grade gliomas (14.6 %) stayed alive at the
end of the 36-month follow-up. A considerable gulf
was observed between the groups in overall survival
(p < 0.0001).

Discussion

Due to gliomas heterogeneous characteristics, their
classification and tumor staging originates subjective
interpretations and discrepancy on diagnosis; there-
fore, 20 to 30 % of cases are reclassified when at
least two neuropathologists review the tumor materi-
al.2 Aldape et al. reported disagreement in the diag-
nosis in 23 % of 457 evaluated cases —with higher
disagreement in the referred cases from communi-
ty-based hospitals and lower in those from academic
hospitals—; they considered that 16 % of discordant

diagnoses were clinically relevant for treatment and
prognosis.® It appears that some inter-observer varia-
tions are due to simple technical issues such as not
reviewing exactly the same material, but mainly to the
use of subjective terms to distinguish tumor grades,
for example “cellularity increase” or “moderate cellu-
larity increase”, used to separate anaplastic astrocy-
toma from a grade Il glioma.*

Although the combined use of histological and mo-
lecular criteria could improve the results,’ new ap-
proaches are required for the classification of tumors
owed to the lack of objective, quantitative and repro-
ducible criteria for histological diagnoses. This may
be important when considering that molecular tech-
niques are difficult to access in developing countries,
where hematoxylin and eosin staining is the first step
in diagnosis and the most accessible method for most
pathology laboratories.

Therefore, in this work, the sustained aspects of
malignant gliomas were selected, which allow for
them to be differentiated with higher accuracy from
low-grade gliomas through an objective analysis. In
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first place, the cell lineage was considered, which can
be astrocytic, oligodendrocytic or ependymal, but cas-
es of “non-specific designation” were also identified.
The astrocytic lineage is the most common in low to
high grade gliomas (I to IV or glioblastoma). The oli-
godendrocytic lineage is the next one in frequency,
which is able to develop up to grade Ill neoplasms.
Finally, the less frequent lineage is ependymal, which
may also develop grade Il neoplasms.® Astrocytic
lineage predominated in the analyzed population.

In general, depending on their malignancy, gliomas
may submit with necrotic center, vascular proliferation,
neoplastic glial cells, mitosis and nuclear pleomor-
phism, with abundant or insufficient FM. In addition,
heterogeneity of structures with epithelial appearance,
variations in cell morphology such as small cells, oli-
goid components, giant cells, gemistocytes, granular
cells and lipidized cells, metaplastic components, vari-
able vascular proliferation and coagulative or pseu-
dopalisading necrosis can also be observed, as well
as immune response with perivascular lymphocytes.
The histopathological aspects of growing tumors are
cell: FM ratio, presence of undifferentiated and pleo-
morphic cells, identification of mitosis or polynucleat-
ed cells and Ki67expression. In this work, the
percentage or amount of cell proliferation allowed to
differentiate between gliomas of low (I and 1) and high
grade (lll and IV).

In high-grade gliomas, neoplastic cells with astrocyt-
ic differentiation form thin cytoplasmic extensions with
stellar appearance. In contrast, low-grade astrocyto-
mas, such as diffuse astrocytoma, generally show a
constant FM, with a higher proportion with regard to
the number of cells. The degree of malignancy in-
creases when the number of cells is higher than the
FM, as in glioblastoma, so that hypercellular areas can
be found where FM is sparse or moderate.” Other al-
terations include differentiated cells, cells with reduced
cytoplasm, cells with compact nuclear chromatin or
mild to severe nuclear pleomorphism.® Glioma cells
may be slightly differentiated or spindle-shaped, where
high proliferative activity can be observed; however
proliferation is low when there is gemistocytic differen-
tiation.® This characteristic is associated with the num-
ber of mitoses and is a form to determine the degree
of tumor malignancy. The number of mitoses is limited
in low-grade gliomas and is generally high in glioblas-
tomas, where forms with typical and atypical mitosis
can be identified. Cell proliferation, which is deter-
mined through Ki67 immunohistochemical detection is
comparable among high-grade gliomas, where an

expression between 15 and 20 % is observed, which
is significantly higher in comparison with low-grade
gliomas. The Ki67 protein participates in cell cycle
regulation and, therefore, it is absent in cells without
replication, and its highest levels of expression are
reached during mitosis. In addition, it is commonly
used as a marker of cell proliferation and is positively
correlated with tumor grade and prognosis.’®

Angiogenesis is a parameter that encompasses the
presence of normal and aberrant vessels, hypoxia and
hemorrhage. In the present work, the scores corre-
sponding to angiogenesis and those of cell prolifera-
tion were observed to be remarkably different between
low- and high-grade gliomas.

Hypoxia and angiogenesis are two related factors
and their presence is characteristic in high-grade gli-
omas. Cell accumulation of hypoxia-induced factor 1
alpha (HIF-1a) activates hypoxia-regulated genes and
induces angiogenesis through the expression of vas-
cular endothelial growth factor." In angiogenesis, neo-
plastic vessels are formed from preexisting vessels
through the migration of neoplastic cells. It has also
been proposed that neoplastic stem cells regulate and
contribute to the formation of neoplastic vessels when
they differentiate into endothelial cells or through the
secretion of factors such as vascular endothelial
growth factor or hepatoma-derived growth factor.'? An-
giogenesis promotes the formation of different micro-
vascular patterns such as glomeruloid tufts, vascular
sprouting, vascular clusters, “garlands of vessels”, di-
lated vessels, among others. Initially, the vessels
present on the periphery of the lesion can be detected
by imaging studies. In the resected tumor, the plenty
of vascularization and the presence of endothelial
hyperplasia (oval formations that resemble renal cor-
puscles) are corroborated. Focal endothelial hyperpla-
sia is sufficient to diagnose and elevate the degree of
malignancy.' In this work it was importantly observed
in high-grade gliomas.

As for cell death, glioblastoma main characteristic
is the presence of necrosis, because it allows a
substancial distinction in low and high grade gliomas
average values. In addition, necrosis predicts clinical
evolution aggressiveness and is associated with low
survival rates." Coagulative necrosis histopathologi-
cal corroboration in glioma may suggest an insuffi-
cient oxygen supply side effect. Another type of
characteristic necrosis in glioblastoma is a serpen-
tine-shaped structure with a necrotic center and neo-
plastic glial cells with a pseudopalisading appearance
in the periphery.’®'® In the center of the tumor, necrotic
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tissue or FM remains can be identified, and adjacent
to these areas, probably due to central region of hy-
poxia, apoptotic bodies with low cell proliferation are
found.

Another probable cause of necrosis is vascular oc-
clusion by thrombi. This phenomenon occurs in hypox-
ic areas adjacent to affected vessels and allows cell
migration to the periphery of the necrotic area. The
percentage of necrosis is variable from one tumor to
another, reaching up to 80 % of the neoplastic tissue.
Differences in primary and secondary glioblastomas
have also been observed, since primary glioblastomas
show more necrosis than secondary glioblastomas.!”

Apoptosis or programmed cell death has distinctive
cell morphological characteristics. In this type of cell
death, nuclei are distinguished by granular and frag-
mented chromatin. These changes are initiated
through the binding of tumor necrosis factor-related
apoptosis inducer ligand receptors, death receptor 5
and caspase 8 subsequent activation. FAS expression
has been observed in cells surrounding the pseu-
dopalisade, and FAS-FASL expression, in peripheral
cells of the coagulative necrosis area; however, its
association with apoptotic processes is still under
discussion.’®

It is important to clarify that, in addition to histo-
pathological factors, clinical aspects such as age,
pre-surgical neurological deficit, tumor size and loca-
tion have also been established; surgical aspects such
as grade of resection and biomarkers such as IDH-
1mut, MGMT promoter methylation (non-methylated)
and 1p199.3 co-deletion, have also been established
as prognostic factors.'®*' Therefore, the histopatholog-
ical score, clinical aspects and biomarkers can be
used together to predict evolution and establish an
aggressive or conservative treatment of glioma.???3

The limitations of this work were determined by the
following aspects:

— The small number of patients, hence a sufficient
number of gliomas of all grades was not included,
which only allowed to differentiate them in low
and high grade.

— The limited follow-up of disease evolution, which
did not make it possible to determine overall sur-
vival in periods longer than three years.

On the other hand, it will be necessary to test the
proposed scale in prospective studies that demon-
strate that the tool correlates better with tumor pro-
gression-free survival and overall survival, which will
take time, and require a larger number of patients to
support that these criteria are useful. The present

work does not include the molecular criteria proposed
by the World Health Organization in 2016,2 since the
purpose of this study was to strengthen the assess-
ment of the histological characteristics that can be
gauged in developing countries.

It is concluded that the proposed semi-quantitative
morphological evaluation allows a more objective his-
topathological classification. Even when histological
grading remains a challenge due to the overlap of mor-
phological characteristics, it can reduce inter-observer
diagnosis discrepancies. The proposed tool might allow
the pathologist to diagnose and classify gliomas with
higher accuracy, which could be used by clinicians as
an independent predictor of tumor progression, along
with the molecular tests proposed by the World Health
Organization, whenever this is possible.
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