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Abstract

The human grading system is currently applied to canine meningioma, although it has

not been validated in dogs. The present study focused on standardising the human

grading system applied to canine meningioma. Four veterinary neuropathologists

graded 186 canine meningiomas as follows: Grade I tumour, with <4 mitoses/

2.37 mm2; Grade II tumour, with ≥4 mitoses/2.37 mm2, brain invasion or at least

three of the following criteria: sheeting architecture, hypercellularity, small cells,

macronucleoli, necrosis; Grade III tumour, with ≥20 mitoses/2.37 mm2 or anaplasia.

Slides with grading disagreement were reviewed to define a consensus diagnosis and

to assess reproducible criteria. Concordance between histologic grade and the con-

sensus diagnosis, as well as intra- and inter-observer agreements for each criterion,

were statistically analysed. Concordance between histologic grade and consensus

diagnosis ranged from 59% to 100%, with lower concordance for Grade I and II

tumours. The lowest inter-observer agreement was recorded for macronucleoli, small

cells, hypercellularity and sheeting architecture. Tumour invasion and necrosis

displayed fair agreement, while moderate agreement was reached for mitotic grade

and anaplasia. The following recommendations were issued to improve the reproduc-

ibility of canine meningioma grading: (1) Assess mitotic grade in consecutive HPFs

within the most mitotically active area; (2) Define invasion as neoplastic protrusions

within central nervous tissue without pial lining; (3) Report spontaneous necrosis;

(4) Report prominent nucleoli when visible at �100; (5) Report pattern loss

when visible at �100 in >50% of the tumour; (6) Report necrosis, small cells,

hypercellularity and macronucleoli, even when focal; (7) Report anaplasia if multifocal.
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1 | INTRODUCTION

Canine meningioma is one of the most commonly diagnosed tumours in

the central nervous system, representing up to 51.5% of intracranial

tumours diagnosed at necropsy.1,2 Intracranial and spinal meningiomas pro-

duce a variety of clinical signs including seizures, altered mentation, ataxia

and paresis.1,3–5 The median survival time is more than 1 year following

surgical resection and increases if adjunctive radiotherapy is applied.4,6–8

Due to the striking pathological, immunological and MRI similari-

ties between human and canine meningiomas,9 and since the veteri-

nary WHO classification is outdated,10 canine meningioma can be

classified into three grades according to the 2016 WHO human histo-

logical grading system.11–15 Currently, no study has addressed the

translatability/transferability of the human grading system to the

canine patient, in terms of accuracy and reproducibility.

In order to standardise a grading system for canine meningioma,

the specific goals of this study are: (1) to evaluate veterinary neuropa-

thologists' inter-observer agreement when applying the human grad-

ing system to canine meningioma; (2) to evaluate the concordance of

each neuropathologist's grading to a consensus diagnosis; (3) to evalu-

ate the reproducibility of each evaluated histologic criterion, in order

to identify its impact in creating histologic grade disagreement;

(4) to propose useful amendments to the grading applied to canine

meningioma in order to increase reproducibility.

2 | MATERIAL AND METHODS

2.1 | Samples

The minimum sample size was calculated using a 95% confidence interval

for the Kappa index in the presence of multiple raters and multinomial

outcomes, with a precision of 10%.16 The expected a priori agreement

was considered 90%17; the number of veterinary neuropathologists

(defined as observers) was five and the expected frequencies, based on

the relative frequencies of meningioma in the laboratory archive of the

participants, were 54%, 37%, 9% for Grade I, II and III, respectively.

The protocol was reviewed and approved by the ethical commit-

tee of VetAgro Sup. For each grade, a representative number of

paraffin-embedded samples of canine meningioma was selected by

two veterinary pathologists with over 20 years of expertise in neuro-

pathology and retrieved from their laboratory archive. For each

tumour, a 4-μm-thick section was stained with haematoxylin and

eosin. The slides were digitised with an NDP scanner (NDP scan

2.5.90, Nanozoomer HT, Hamamatsu) with a magnification of �20

(454 nm/pixel) and visualised with the free NDP.2 viewer (NDP.view2

Viewing software U12388-01jHamamatsu Photonics).

2.2 | Histologic evaluation of the tumours

Each case was analysed twice, with an interval of at least 2 weeks

between analyses, by four board-certified veterinary pathologists with

a track record of training and employment in neuropathology labora-

tories and with extensive publication in the field (from now on defined

as neuropathologists). The previous consensus on histologic criteria

was not assessed. The neuropathologists defined the tumour subtype,

the mitotic grade and the histologic grade for each case. The mitotic

grade, purely based on the number of detected mitoses, was calcu-

lated as follows: mitotic grade 1: tumours with <4 mitoses in

2.37mm2; mitotic grade 2: tumours with a mitotic count between

4 and 20 in 2.37mm2; mitotic grade 3: tumours with ≥20 mitoses in

2.37mm2. The histologic grade, based on cellular morphology, archi-

tecture and mitotic count, was evaluated as follows: Grade I: tumours

lacking histologic criteria of Grade II and Grade III; Grade II: tumours

with a mitotic grade of 2 or tumours with central nervous tissue inva-

sion or tumours displaying at least three of the following criteria:

sheeting architecture, small cells, hypercellularity, macronucleoli and

spontaneous necrosis; Grade III: tumours with extreme anaplasia

and/or tumours with a mitotic grade of 3. Since canine meningioma

subtypes have not been definitely correlated to prognosis, the tumour

subtype was not considered for the histologic grade.

For each slide, the tumour area of the largest sample fragment

was calculated by each pathologist, using NDP view.2 free software.

The consensus diagnosis for the histologic grade and the mitotic

grade was obtained by reviewing the cases with histologic disagree-

ment by all the participants at roundtables. Consensus diagnosis was

defined as the diagnosis given by at least three out of four patholo-

gists (majority consensus diagnosis).

2.3 | Statistical analysis

According to the methods used to calculate sample size,16 the inter-

observer and the intra-observer agreements were estimated using

respectively the Fleiss' Kappa index and the Cohen's Kappa coeffi-

cient. The concordance correlation coefficient (CCCTOT), accounting

both inter- and intra-observer agreement, the CCCINTER, measuring

the inter-observer agreement and CCCINTRA, measuring intra-observer

agreement, were calculated. For each of the three indices, a unilateral

97.5% lower confidence limit was calculated.

For histologic and mitotic grades, the concordance between each

observer's second reading classification and the consensus diagnosis

was calculated by evaluating the accuracy, quantifying the number

and respective percentage of the observer's classifications that mat-

ched the consensus diagnosis.

In order to evaluate the possible impact of the histologically avail-

able tumour size on agreement about the histologic and mitotic grade,

estimates of CCCTOT, CCCINTER and CCCINTRA were calculated sepa-

rately for samples measuring arbitrarily less than or equal to 10 mm2

(small samples) and for samples of more than 10 mm2 (regular

samples).

Analyses were performed using R software version 4.0.418 with

the Agreement19 and irrCAC20 packages added, and the Knime Ana-

lytics Platform release 4.2.3.21,22 For κ and CCC-based agreement

evaluation, the classification given by Landis and Koch23 was used: κ
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from 0.00 to 0.20 for slight agreement; from 0.21 to 0.40 for fair

agreement; from 0.41 to 0.60 for moderate agreement; from 0.61 to

0.80 for substantial agreement; and over 0.80 for almost perfect

agreement.

3 | RESULTS

3.1 | Samples

The calculated minimum sample size was 168, which was increased

up to 186 samples (+10%) to account for potential sample losses

related to technical issues. Since one of the five neuropathologists

previously recruited for slide evaluation was involved in selecting the

tumour samples, he was excluded from the observer group. The confi-

dence interval precision for the Fleiss' Kappa recalculated on four

observers was 10.8%, which was considered a negligible loss due to

the reduction in number of observers.

3.2 | Inter-observer agreement

For histologic grade, the inter-observer agreement was moderate at

the first and second reading (first reading: κ = 0.52, 95% CI: 0.42–

0.61; second reading κ = 0.52, 95% CI: 0.42–0.61). At the first read-

ing, 66/186 samples (35.9%) received the same histologic grade by

the four neuropathologists: 26 of these were classified as Grade I,

33 as Grade II and 7 as Grade III. At the second reading, 73/186 sam-

ples (39.7%) received the same histologic grade by the 4 neuropathol-

ogists; 29 of these were classified as Grade I, 36 as Grade II and 8 as

Grade III. More details are provided in Table S1.

For histologic grade, CCCTOT accounting for intra- and inter-

observer agreement was 0.52 (one-sided 97.5% CI: 0.42–1) indicating

moderate agreement (Table 1). The CCCINTRA was almost perfect

(0.91, one-sided 97.5% CI, 0.88–1), while the CCCINTER was moderate

(0.54, one-sided 97.5% CI, 0.45–1).

3.3 | Concordance with consensus diagnosis

In the slide review process, majority consensus was achieved on the

histologic grade in 156/186 samples (83.9%) and on mitotic grade in

135/186 samples (72.6%). For the histologic grade, 73/156 (51.7%),

72/156 (41.1%) and 11/151 (7.3%) samples were classified as Grade I,

II and III, respectively. For the mitotic grade, 92/135 (68.1%), 34/135

(34.8%) and 9/135 (6.7%) were classified as Grade I, II and III, respec-

tively. Each neuropathologist's concordances of histologic grade to

the consensus diagnosis at the second reading are reported in

Table 2. For histologic grade, the total accuracy ranged from 72.4% to

90.3%: the highest accuracy was found for Grade III, with agreement

ranging from 9/11 (81.8%) to 11/11 (100.0%) of samples, while the

percentages of concordant diagnosis ranged from 58.9% to 90.4% for

Grade I and from 73.6% to 93.1% for Grade II.

Similar results were obtained for the mitotic grade (Table 3). The

total accuracy between a neuropathologist's second reading and the

consensus diagnosis ranged from 82.2% to 95.6%. The highest con-

cordance was recorded for Grade III, with the percentage of concor-

dant diagnosis close to or equal to 100.0% (except for observer C).

For Grade I, the percentage of agreement ranged from 85.9% to

97.8%, while for Grade II the range was from 67.6% to 88.2%.

3.4 | Histologic criteria

Considering each histologic evaluated criterion, the agreement was

moderate for mitotic grade and extreme anaplasia (CCCTOT = 0.51 for

both) and fair for tumour invasion and spontaneous necrosis

(CCCTOT = 0.43 and 0.44, respectively) (Table 1). For each of these

four criteria, the intra-observer agreement was almost perfect

(CCCINTRA ranging from 0.86 to 0.93), while the inter-observer agree-

ment was moderate (CCCINTER ranging from 0.44 to 0.55).

The agreement was slight to fair for macronucleoli, small cells,

hypercellularity and sheeting architecture (CCCTOT ranging from 0.18

to 0.34) (Table 1). For these histologic criteria, intra-observer

TABLE 1 Estimates of the concordance correlation coefficients for histologic grade and histologic criteria

Index
Histologic
grade

Mitotic
grade

Tumour
invasion Necrosis

Macro
nucleoli Small cells

Hyper
cellularity

Sheeting
architecture

Extreme
anaplasia

CCCTOT 0.52 (0.42) 0.51 (0.40) 0.43 (0.33) 0.44 (0.36) 0.34 (0.27) 0.23 (0.15) 0.18 (0.13) 0.30 (0.23) 0.51 (0.36)

CCCPREC 0.52 (0.43) 0.52 (0.41) 0.47 (0.38) 0.45 (0.37) 0.38 (0.32) 0.25 (0.17) 0.27 (0.22) 0.36 (0.29) 0.53 (0.40)

χ 0.99 (0.97) 0.98 (0.96) 0.91 (0.86) 0.98 (0.96) 0.88 (0.84) 0.91 (0.85) 0.66 (0.59) 0.83 (0.76) 0.97 (0.91)

CCCINTER 0.54 (0.45) 0.55 (0.44) 0.44 (0.34) 0.47 (0.39) 0.37 (0.29) 0.26 (0.17) 0.19 (0.14) 0.33 (0.25) 0.53 (0.39)

CCCPREC 0.55 (0.46) 0.56 (0.45) 0.49 (0.40) 0.48 (0.40) 0.42 (0.35) 0.29 (0.20) 0.31 (0.25) 0.40 (0.33) 0.55 (0.42)

χ 0.99 (0.96) 0.98 (0.95) 0.90 (0.86) 0.98 (0.95) 0.87 (0.83) 0.90 (0.83) 0.63 (0.56) 0.81 (0.74) 0.96 (0.90)

CCCINTRA 0.91 (0.88) 0.87 (0.83) 0.93 (0.90) 0.86 (0.82) 0.83 (0.78) 0.70 (0.65) 0.77 (0.71) 0.78 (0.73) 0.90 (0.84)

Note: Estimates of the total, inter-observer and intra-observer concordance correlation coefficients and respective sub-indices (precision and accuracy) for

each histologic parameter are reported. The lower boundary of the 97.5% one-sided confidence interval is included within parentheses. CCCTOT, total

concordance correlation coefficient considering the intra and inter-observer agreement; CCCPREC, precision sub-index of the concordance correlation

coefficient; χ, accuracy; CCCINTER, concordance correlation coefficient for inter-observer agreement; CCCINTRA, concordance correlation coefficient for

intra-observer agreement.
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agreement was substantial to almost perfect (CCCINTRA ranging from

0.70 to 0.83), while inter-observer agreement was slight to fair

(CCCINTER ranging from 0.19 to 0.37) (Table 1).

The most diagnosed histologic subtypes were transitional and

meningothelial (50 and 46 cases, respectively) (Table S2). Meningothelial

subtype was diagnosed at least by one pathologist in 97 cases out of

186 (52.2%); in 15 samples out of 97 (15.5%) the subtype was unani-

mous. The transitional subtype was diagnosed at least by one pathologist

in 116 out of 186 (62%); in 25 samples out of 116 (21.6%) the subtype

was unanimous. In 52 cases, the subtype was not collegially defined.

3.5 | Agreement estimates according to the size of
each biological sample

Sample size was available for 185 cases. Of those, 47/185 (25.4%) had an

area less than 1 0mm2 (small size) and 138/185 (74.6%) were larger than

10 mm2 (regular size). For these two groups, the CCCTOT, CCCINTRA and

CCCINTER are reported in Table 4. Concerning histologic grade, CCCTOT

for small samples was lower than CCCTOT for regular samples (small sam-

ples: CCCTOT = 0.38; regular sample: CCCTOT = 0.55). Regarding intra-

observer agreement, CCCINTRA for small and regular samples was similar

(small samples: CCCINTRA = 0.92; regular sample: CCCINTRA = 0.87). Simi-

lar results were obtained for mitotic grade. The CCCINTER was lower for

small samples than for regular samples (small samples: CCCINTER = 0.41;

regular samples: CCCINTER = 0.57). No substantial differences for

CCCINTRA between small and regular samples were observed

(CCCINTRA = 0.83 and 0.88 respectively).

4 | DISCUSSION

The goal of the present study was to evaluate the reproducibility of

criteria used in the human grading when applied to canine meningi-

oma, since it is an essential step before assessing the correlation

between grading and prognosis.

Histologic grade. The concordance between individual neuropa-

thologist's histologic grade and the consensus diagnosis ranged from

TABLE 2 Concordance of each
neuropathologist's second reading
diagnosis to the consensus classification
for histologic grade

Observer Histologic grade Well classified samples Total accuracy

A Grade I 66/73 (90.4%) 135/156 (86.5%)

Grade II 58/72 (79.5%) CI: (80.2%, 91.5%)

Grade III 11/11 (100.0%)

B Grade I 63/73 (86.3%) 141/156 (90.3%)

Grade II 67/72 (93.1%) CI: (84.6%, 94.5%)

Grade III 11/11 (100.0%)

C Grade I 43/73 (58.9%) 113/156 (72.4%)

Grade II 60/72 (83.3%) CI: (64.7%, 79.3%)

Grade III 10/11 (90.9%)

D Grade I 58/73 (79.5%) 120/156 (76.9%)

Grade II 53/72 (73.6%) CI: (69.5%, 83.3%)

Grade III 9/11 (81.8%)

Abbreviation: CI, confidence interval.

TABLE 3 Concordance of each
neuropathologist's second reading
diagnosis to the consensus classification
for mitotic grade

Observer Mitotic grade Well classified samples Total accuracy

A Grade I 79/92 (85.9%) 114/135 (84.4%)

Grade II 26/34 (76.5%) CI: (77.2%, 90.1%)

Grade III 9/9 (100.0%)

B Grade I 90/92 (97.8%) 129/135 (95.6%)

Grade II 30/34 (88.2%) CI: (90.6%, 98.4%)

Grade III 9/9 (100.0%)

C Grade I 82/92 (89.1%) 111/135 (82.2%)

Grade II 23/34 (67.6%) CI: (74.7%, 88.3%)

Grade III 6/9 (66.7%)

D Grade I 83/92 (90.2%) 115/135 (85.2%)

Grade II 23/34 (67.6%) CI: (78.1%, 90.7%)

Grade III 9/11 (88.9%)

Abbreviation: CI, confidence interval.

512 BELLUCO ET AL.

 14765829, 2022, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/vco.12802 by R

eadcube (L
abtiva Inc.), W

iley O
nline L

ibrary on [28/11/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



59% to 100%, while the agreement among human neuropathologists

for the histologic grade is 87.2%.17 In contrast, whilst in human

meningiomas the agreement is high for each tumour grade, in the pre-

sent study, an almost perfect concordance was registered only for

Grade III tumours. Mitotic grade and anaplasia, criteria on which

Grade III is assessed, displayed the highest agreement among

observers, explaining the high concordance for histologic Grade III.

Grade I and Grade II tumours had lower concordance, suggesting that

histologic criteria for grading tumours as I or II (mitotic index, invasion,

sheeting architecture, small cells, hypercellularity, macronucleoli and

spontaneous necrosis) are more susceptible to subjective interpreta-

tion. Considering all the examined cases, low inter-observer agree-

ment was recorded for macronucleoli, small cells, hypercellularity and

sheeting architecture. These criteria represent four out of five criteria

used to grade tumours as I or II, and they also represent the less

agreed criteria among human neuropathologists (κ < 0.5).17 Tumour

invasion and necrosis displayed moderate agreement. Since tumour

invasion is sufficient to classify a meningioma as Grade II, the inter-

observer disagreement for invasion could have contributed to the

lower concordance for tumour histologic Grades I and II.

Mitotic grade. Mitotic grade is one of the three main criteria (along

with invasion and anaplasia) directly linked to histologic grade. In

human medicine, mitotic grade is considered a more reproducible cri-

terion, and therefore, up to 75% of meningiomas are graded based on

mitotic count.24 In the present study, inter-observer agreement was

moderate, which is comparable to reported inter-observer agreement

between human neuropathologists (for mitoses between 4 and 20 in

10 HPF, κ = 0.51).17 As described in several studies, mitotic cells are

often difficult to differentiate from pyknotic and karyorrhectic cells,

infiltrating leukocytes and fixation-related artefacts.24–26

This difficulty was exacerbated by slide digitisation at �20 magnifica-

tion, resulting in a not optimal resolution, as well as by different moni-

tor size, resolution and colour calibration, used by the participants.26

No recommendations on scanner magnification or monitors have been

published yet for diagnostic pathology, though it is common use in

diagnostic laboratories to digitise at �40 and use at least a 28 in.

monitor.

Another cause of mitotic grade disagreement in this study was

the lack of mitotic count standardisation. Mitoses were counted in

three different ways, depending on the observer's interpretation of

the criterion: (1) in 10 consecutive fields of 0.237 mm2 within the

most mitotically-active area; (2) in 10 different fields of 0.237 mm2

dispersed throughout the tumour; (3) in a randomly chosen area of

2.37 mm2. The most recent WHO human meningioma grading system

indicates to count mitoses in consecutive high power fields,27 in vet-

erinary literature it is preconize to count mitoses in consecutive fields

of the most mitotically-active area.24 Therefore, in order to standard-

ise mitotic count in canine meningioma, we propose that mitoses

should be counted in 10 consecutive fields of 0.237 mm2 within the

most mitotically-active area, as recommended by the current

literature.24,28

The WHO human meningioma classification cut-off of 4 and

20 mitoses is assessed in 1.60 mm2, consisting of the area obtained

by counting 10 fields at �400 magnification with a microscope field

number equaling 18.27–29 Thus, if mitoses are counted in an area of

2.37 mm2 in dogs, the cut-offs should be readjusted to 8 and 41. Fur-

thermore, the authors strongly encourage further studies on canine

mitotic count cut-off values, since, to the best of our knowledge,

there is no evidence that the human cut-offs have a prognostic signifi-

cance in canine meningioma.

In the present study, inter-observer disagreement between

mitotic Grade 1 and 2 was often due to a difference of only 1–3 coun-

ted mitoses. An oversight of 1–3 mitoses could be associated with the

different amount of time spent by each observer reading slides, as

suggested by Rogers,30 and/or with a different chosen area to count

mitoses. To reduce discrepancies, when the mitotic count is 1–2 mito-

ses lower than the cut-off, mitoses should be re-counted in another

highly mitotic area.

Invasion (Figures 1 and 2). Agreement on tumour invasion was

fair, and, hence, much lower than in human meningiomas (κ = 0.76).30

In human medicine, tumour invasion is correlated to tumour recur-

rence, therefore invasion is considered sufficient to upgrade a menin-

gioma from Grade I to Grade II.29,31 Despite the fact that no

prognostic studies have been published in dogs, it seems biologically

reasonable that invasion could have a similar prognostic impact in

dogs. Thus, the presence of brain tissue adjacent to the tumour sam-

ple is strongly recommended.

A standardised definition of nervous system invasion is often lac-

king in the recent veterinary literature.28 We recommend using the

pathology human definition: ‘an extension of tumour cells beyond the

pial surface into the adjacent brain parenchyma’.29,32 In most cases,

invasion is represented by tongue/finger-like protrusions of the

tumour into the central nervous system, while invasion is less

TABLE 4 Estimates of the concordance correlation coefficients
for histologic grade and mitotic grade for small and regular biological
samples

Index

Histologic grade Mitotic grade

Regular Small Regular Small

CCCTOT 0.55 (0.44) 0.38 (0.25) 0.54 (0.42) 0.37 (0.18)

CCCPREC 0.56 (0.44) 0.41 (0.28) 0.55 (0.44) 0.38 (0.18)

χ 0.99 (0.97) 0.94 (0.87) 0.99 (0.97) 0.99 (0.95)

CCCINTER 0.58 (0.47) 0.41 (0.27) 0.57 (0.45) 0.41 (0.20)

CCCPREC 0.58 (0.48) 0.44 (0.30) 0.59 (0.47) 0.41 (0.21)

χ 0.99 (0.97) 0.94 (0.87) 0.97 (0.94) 0.99 (0.94)

CCCINTRA 0.92 (0.89) 0.87 (0.81) 0.88 (0.83) 0.83 (0.73)

Note: Estimates of the total, inter-observer and intra-observer correlation

coefficients and respective sub-indices (precision and accuracy) for each

histologic parameter are reported; the lower boundary of the 97.5%

one-sided confidence interval is included within parentheses. CCCTOT,

total concordance correlation coefficient considering the intra and

inter-observer agreement; CCCPREC, precision sub-index of the

concordance correlation coefficient; χ, accuracy; CCCINTER, Concordance

correlation coefficient for inter-observer agreement, CCCINTRA,

Concordance correlation coefficient for intra-observer agreement.
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frequently represented by migration of single neoplastic cells or

islands of tumour cells into brain tissue.29,31 Peripheral nervous sys-

tem invasion, as well as bone and dura infiltration, even if they have

an impact on complete surgical resection, are not considered proper

tumour invasion of the central nervous system.29,32 Moreover, tumour

cells in Virchow-Robin spaces are not considered an invasion, since

this space is lined by pia cells.27,29,32 Discerning the presence/absence

of a layer of fusiform meningeal cells around the tumour could be

challenging, especially in dogs where specific canine meningeal

markers are lacking. Since tumour invasion into the central nervous

system is associated with reactive astrocytosis,29 in human medicine,

GFAP-staining is recommended to assess the presence of an astro-

cytic reaction on the invasive front.25,27,31,33 However, the authors

think that while helpful, astrocytosis should not be considered a suffi-

cient parameter to assess invasion, since it can be observed in

response to other stimuli, like tumour compression and perilesional

edema.

Spontaneous necrosis (Figure 3). In this study, inter-observer

agreement on spontaneous necrosis was moderate, compared to our

human counterparts (κ = 0.66).17 Although small, rare and/or solitary

foci could have been difficult to detect for some participating neuro-

pathologists, the main reason for disagreement was different interpre-

tation of necrotic foci. Small necrotic foci, located at the edge of

samples, were reported by some observers as necrosis, while others

interpreted these foci as artefacts related to sample handling

(Figure 4). Similarly, large haemorrhages were interpreted as necrotic

foci by some participants, because of tissue loss due to tissue tearing

F IGURE 1 Invasive, meningioma, dog, case 43. Tongue-like
protrusion of meningioma tumour cells into the brain tissue.
Haematoxylin and eosin

F IGURE 2 Not invasive tumour, meningioma, dog, case 28.
Tumour nest, though within brain parenchyma, is surrounded by a
visible layer of eosinophilic spindle pial cells (arrowhead).
Haematoxylin and eosin

F IGURE 3 Spontaneous necrosis, meningioma, dog, case 72. A
large area of spontaneous necrosis (asterisk) is visible. It is composed
by a centre of eosinophilic amorphous material, lined by dying cells
(arrowhead), that lack cell borders and have a hypereosinophilic
cytoplasm and condensed chromatin. Viable tumour cells are present
at the periphery. Haematoxylin and eosin

F IGURE 4 Artefactual necrosis, brain, dog, case 23. At the edge

of this small sample, measuring approximately 2.4 mm2, a focal area of
necrosis admixed with fibrin is visible (asterisk). It is close to a group
of extravasated erythrocytes (arrowhead) in the absence of
hemosiderin-laden macrophages, indicating a recent haemorrhage,
probably caused by biopsy technique or tissue manipulation before
fixation. Few tumour cells are also present (arrows). Haematoxylin
and eosin

514 BELLUCO ET AL.

 14765829, 2022, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/vco.12802 by R

eadcube (L
abtiva Inc.), W

iley O
nline L

ibrary on [28/11/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



and secondary traumatic or ischemic cell necrosis. Furthermore, some

participants interpreted intra-tumoral abscesses as necrotic foci,

because neutrophils may have induced tumour cell necrosis, or neu-

trophil chemotaxis could have been triggered by previous spontane-

ous tumour necrosis (Figures 5 and 6). In order to increase

reproducibility in necrosis evaluation, the authors suggest: reporting

spontaneous necrosis when present inside the sample; ruling out arte-

fact if necrosis is located at the sample margins or in hemorrhagic

areas; considering small and large foci equally; considering abscesses

as necrotic foci if cell necrosis is evident inside or around the abscess.

Macronucleoli (Figures 7–10). In the present study, macronucleoli

represented one of the soft criteria with the least reproducibility in

agreement. During the review process, neuropathologists identified

two main reasons for macronucleoli misinterpretation: the exact

meaning of macronucleoli is unclear and there are no standardised

methods for screening macronucleoli.

In veterinary literature, canine macronucleoli are neither defined

nor measured, leading to a subjective interpretation of this parame-

ter.11,15 The vast majority of macronucleoli identified in the canine

meningiomas in this study were characterised by clumped chromatin

or eosinophilic staining with different sizes and shapes. Nucleoli have

a vast range in appearance, which contributed to the different inter-

pretations of macronucleolus by the neuropathologists involved in this

study. In human meningioma, nucleoli are defined as macronucleoli

when they are easily visible at �100 magnification. For meningioma

grading purposes, the criterion is considered positive even when

macronucleoli are focally observed (but are present in more than one

cell).32 Although this definition sounds obsolete in the image analysis

era, and is reported to have only moderate agreement even among

human neuropathologists (κ = 0.49), macronucleolar identification is

easily applicable by light microscopy.17,25

For some of the neuropathologists participating in this study,

�100 magnification seemed too low to identify nucleoli, even when

prominent; thus, �200 magnification was suggested. Nevertheless, in

F IGURE 5 Neutrophilic accumulation in necrotic foci, brain, dog,
case 72. In the centre of a neoplastic lobule, tumour cells are replaced
by small areas of amorphous eosinophilic material, consistent with
necrotic material and a moderate number of neutrophils (arrow).
Some neutrophils infiltrate the tumour lobule towards the necrotic

centre

F IGURE 6 Neutrophilic accumulation in necrotic foci, brain, dog,
case 72. Tumour is infiltrated by a large amount of neutrophils,
forming a microabscess (arrow). Haematoxylin and eosin

F IGURE 7 Macronucleoli, meningioma, dog, case 161. Neoplastic
cell nuclei are vesicular and contain a large eosinophilic nucleolus,
evaluated as a macronucleolus

F IGURE 8 Macronucleoli, meningioma, dog, case 108. Neoplastic
cell nuclei are vesicular and contain a easily visible nucleolus,
evaluated as a macronucleolus
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the absence of validated studies, we still recommend using the WHO

human definition for macronucleoli identified at �100 magnification

when grading canine meningioma.

Another potential reason for disagreement regarding

macronucleoli was the different screen size, ranging from 19 to 27 in.,

used by observers in this study. Therefore, we recommend adopting a

standardised magnification to evaluate macronucleoli, and if working

on digitalized slides, we recommend calculating the magnification

using the scale bar (not the viewer magnification). Specifically, for a

�100 magnification, the scale bar on the screen should be 100 times

longer than the displayed length (e.g., for a correct �100 magnifica-

tion, the scale bar indicating 500 μm should measure 5 cm on the

screen).

Small cells (Figures 11–13). In the present study, the criterion of

small cells showed fair agreement, as in human medicine (κ = 0.39).17

For participating veterinary neuropathologists, as for human

pathologists,17,24 it was difficult to interpret the term ‘small cells’,
especially in hypercellular areas. Hypercellularity and small cells often

became synonymous causing redundancy of these two evaluated

criteria. In the WHO human meningioma classification, small cells are

considered as having a high nucleus-cytoplasmic ratio and/or resem-

bling lymphocytes.11,32 In the present study, where no immunohisto-

chemical stains were performed, the similarity between small cells and

lymphocytes could have increased the disagreement, especially for

cases with a lymphocytic-rich pattern. Therefore, in routine diagnosis,

T and B cell immunolabelling could help to discriminate lymphocytes

from tumour cells.

Hypercellularity (Figure 14). Hypercellularity displayed the lowest

agreement among all evaluated histologic criteria. This was lower than

the agreement reported in human medicine (κ = 0.45).17 Several fac-

tors could have contributed to this result. First, in the veterinary liter-

ature, details defining hypercellularity are lacking, leaving observers to

make a subjective interpretation of the criterion. In human medicine, a

number of methods have been applied to make the identification of

F IGURE 9 Small nucleoli, meningioma, dog, case 5: Tumour cells
contain small nucleoli. Chromatin is finely dispersed. Haematoxylin
and eosin

F IGURE 10 Small nucleoli, meningioma, dog, case 6: Tumour
cells contain almost not visible nucleoli. Chromatin is finely dispersed.
Haematoxylin and eosin

F IGURE 11 Small cells, meningioma, dog, case 49. Among
tumour whorls of a meningothelial meningioma, there is a cluster of
small cells (encircled), characterised by reduced size and condensed
chromatin. Despite the small size, cellularity is not increased

F IGURE 12 Small cells, meningioma, dog, case 69. Most of the
tumour cells are small (asterisk), with condensed chromatin mimicking
lymphocytes. The high number of small cells in the cluster is also
suggestive of foci of hypercellularity. Haematoxylin and eosin
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hypercellularity less subjective and provide more reproducible

results.24 One method defines increased cellularity as the presence of

more than 53 cells in 0.058 mm2 (corresponding to 217 cells in

0.237 mm2).24,32 This cell density seems to be unrealistic in canine

meningioma, since in the present study the recorded cell number in

0.237 mm2 varied between 538 and 3567 (data not shown). Second,

in the present study, hypercellularity could have been interpreted in

relation to the mean cellularity of that specific tumour subtype and

not as an absolute parameter. And finally, in daily routine grading of

human meningioma, hypercellularity is semi-quantitatively evaluated

by neuropathologists at low magnification.24,32 Semi-quantitative

evaluation of increased cellularity remains subjective,25 which

should be taken into account when a grading system for canine

meningioma is correlated to prognosis. In conclusion, though sub-

jective, hypercellularity should be evaluated as an absolute criterion

(not subtype-related) at low magnification and should be reported

in canine meningioma, even when focally observed.29,32

Sheeting architecture (Figures 15 and 16). Sheeting architecture

displayed a fair agreement, comparable to the agreement among

human pathologists (κ = 0.41).17

Canine meningioma often expresses more than one growth pat-

tern, making it challenging to recognise sheeting, especially at high

magnification. For example, the syncytial architecture of

meningothelial meningioma can mimic sheeting at high magnifica-

tion.17 Moreover, some histologic subtypes, like clear cell, rhabdoid or

microcystic, are characterised by cell sheeting,24,25 but this architec-

ture is subtype-specific and does not indicate dedifferentiation and

increased malignancy. For these reasons, in order to clarify the crite-

rion and increase reproducibility in canine meningioma grading, we

suggest replacing ‘sheeting architecture’ with the term ‘pattern loss’,
meaning the lack of a typical meningioma growth pattern.24 Pattern

loss should be evaluated at low magnification and reported when pre-

sent in more than 50% of the tumour.24,32

F IGURE 13 Lymphocytic-rich pattern, meningioma, dog, case 97.
In this area, a great number of lymphocytes, mimicking tumour small
cells, obscures the meningothelial pattern. Haematoxylin and eosin

F IGURE 14 Hypercellularity, meningioma, dog, cases 62. An area
of basophilic hypercellularity (asterisk) in an otherwise clear
eosinophilic tumour (white star). Haematoxylin and eosin

F IGURE 15 Anaplasia and mitoses, meningioma, dog, case 179.
In this Grade III meningioma, no specific tumour architecture is
recognisable, since cells are growing in sheets

F IGURE 16 Anaplasia and mitoses, meningioma, dog, case 179. A
high number of mitotic cells (arrows) are visible. Tumour cells are
increased in number (hypercellularity) and anaplastic. Haematoxylin
and eosin
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Anaplasia (Figures 16–18). Anaplasia displayed a moderate agree-

ment among observers in this study, comparable to agreement among

human pathologists (κ = 0.53).17 Anaplasia is defined as overtly malig-

nant cytology, rendering it impossible to differentiate meningioma

from carcinoma, melanoma or high-grade sarcoma.29,32 Terms such as

‘extreme’, taken from veterinary literature,15,28 should be avoided,

because they are misleading and may increase the variability in inter-

pretation of anaplasia intensity. In the present study, anaplasia was

observed focally, multifocally or diffusely. In the absence of prognos-

tic studies, the authors concluded that anaplasia, when present focally

or affecting small clusters of cells, should not be considered to indi-

cate Grade III, but should be reported to clinicians as a comment;

however, when present multifocally or diffusely, anaplasia should be

considered sufficient to upgrade the tumour to Grade III.

Sample size. With the spreading of image techniques, in the near

future biopsies are going to increase in number, and sample size will

have more relevance in diagnostic routines. For human meningioma,

six blocks per tumour are recommended to achieve 95% accuracy in

grading Grade II tumours.34 In the present study, reduced size contrib-

uted to the decreased inter-observer agreement, since samples less

than 10 mm2 in size obtained only a fair agreement for both histologic

and mitotic grade (CCCTOT for histologic grade = 0.38; for mitotic

grade = 0.37). Small samples are more easily affected by artefactual

changes due to handling, which impedes the assessment of some

criteria (necrosis, mitotic figures). Moreover, since most criteria can be

expressed multifocally, it is important to evaluate as much tissue as

possible.34

Tumour subtype. In human medicine, though 15 meningioma sub-

types are described, few of them present a real prognostic value.

Canine meningiomas display different tumour subtypes, often more

than one in the same sample. This heterogeneity makes sometimes

difficult to attribute a prevalent subtype to the tumour, increasing the

F IGURE 17 Anaplasia, meningioma, dog, case 41. Anaplastic
cells, showing different shape and size. The grow pattern is not
recognisable, rendering meningioma diagnosis hard to make without
special stains. Some mitotic cells are also visible (arrows), indicating a
high mitotic grade. Haematoxylin and eosin

F IGURE 18 Anaplasia, meningioma, dog, case 162. Anaplastic
cells, showing different shape and size. The grow pattern is not
recognizable, rendering meningioma diagnosis hard to make without
special stains. Some mitotic cells are also visible (arrows), indicating a
high mitotic grade. Hematoxylin and eosin

TABLE 5 Recommendations of the consortium for reproducible
criteria for canine meningioma grading

Histologic

criteria Definition

Mitotic count Evaluated:

• in the most mitotic area

• in consecutive high power fields to cover

2.37 mm2 area

• Grade II is defined as tumours with ≥8 mitoses

in 2.37 mm2

• Grade III is defined as tumours with

≥41 mitoses in 2.37 mm2

• when mitotic count is closely lower than the

cut-off (1–2 mitoses of difference), a

supplemental count should be performed in

another highly mitotic area

Invasion Presence of tumour cells into the brain or the

spinal cord, not surrounded by a pial layer

Necrosis Focal or multifocal presence of spontaneous

necrosis

Small and large foci are equally considered

When located at sample margins or in

hemorrhagic areas, artefactual necrosis should

be ruled out

In abscesses, reported if tumour cell necrosis is

evident

Macronucleoli Focal or multifocal presence of nucleoli visible at

�100

Small cells Focal or multifocal presence of cells with a high

nucleus/cytoplasmic ratio or with a lymphocytic

appearance

Evaluated at low magnification

Hypercellularity Focal or multifocal

Evaluated at low magnification

Evaluated separately from small cells

Pattern loss Not identifiable architectural pattern in more than

50% of the tumour surface

Evaluated at low magnification

Anaplasia Multifocal or diffuse presence of anaplastic cells,

whose meningeal origin is not evident
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inter-observer disagreement, as demonstrated in the present study.

To date, studies on wide cohorts correlating the subtype to prognosis

have not been reported yet.27,29

For all the evaluated criteria, intra-observer agreement was

substantial to almost perfect showing that the disagreement was

almost all due to inter-observer disagreement.35 As in human neuro-

pathology, a regular discussion on different cases should be encour-

aged in veterinary pathology, to better define the more subjective

features of a disease entity, to homogenously educate pathologists

and, ultimately, to increase diagnostic accuracy.17,24,30

Robust and reproducible histologic tumour diagnosis and grading

is an essential part of providing adequate patient care and treatment.

In the present study, a lack of precise definitions for histologic grading

criteria for canine meningioma forced pathologists to make subjective

interpretations. This was considered the main reason for the observed

variation in grading among pathologists. Therefore, the authors issued

recommendations to standardise definitions of histologic criteria

aimed to improve the reproducibility of canine meningioma grading

(Table 5). Unfortunately, in both human and canine meningioma

grading, several criteria are still not completely standardised, leading

to subjective interpretation by observers.

The use of digitalized slides probably contributed to the low

inter-observer agreement, because of the lack of validated process,

the lack of users training on digital pathology and the lack of

standardised workstation.35 It is out of the scope of the present man-

uscript to give recommendations on digital pathology, but readers are

strongly encouraged to read the most recent specialised literature on

the topic.

Although our results and recommendations can contribute to

standardise the grading system for canine meningioma, further work

is needed to generate a reproducible grading system for canine

meningioma that is correlated to prognosis.
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