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Abstract

Histopathological evaluation of tumours is a subjective process, but studies of inter-

pathologist agreement are uncommon in veterinary medicine. The Comparative Brain

Tumour Consortium (CBTC) recently published diagnostic criteria for canine gliomas.

Our objective was to assess the degree of inter-pathologist agreement on intracranial

canine gliomas, utilising the CBTC diagnostic criteria in a cohort of eighty-five sam-

ples from dogs with an archival diagnosis of intracranial glioma. Five pathologists

independently reviewed H&E and immunohistochemistry sections and provided a

diagnosis and grade. Percentage agreement and kappa statistics were calculated to

measure inter-pathologist agreement between pairs and amongst the entire group. A

consensus diagnosis of glioma subtype and grade was achieved for 71/85 (84%)

cases. For these cases, percentage agreement on combined diagnosis (subtype and

grade), subtype only and grade only were 66%, 80% and 82%, respectively. Kappa

statistics for the same were 0.466, 0.542 and 0.516, respectively. Kappa statistics for

oligodendroglioma, astrocytoma and undefined glioma were 0.585, 0.566 and 0.280

and were 0.516 for both low-grade and high-grade tumours. Kappa statistics

amongst pairs of pathologists for combined diagnosis varied from 0.352 to 0.839. 8

% of archival oligodendrogliomas and 61% of archival astrocytomas were reclassified

as another entity after review. Inter-pathologist agreement utilising CBTC guidelines

for canine glioma was moderate overall but varied from fair to almost perfect

Abbreviations: ACVP, American College of Veterinary Pathologists; BCa, adjusted bootstrap percentile; CBTC, Comparative Brain Tumour Consortium; CNPase, 20 ,30-cyclic-nucleotide 30-
phosphodiesterase; GFAP, glial fibrillary acidic protein; H&E, haematoxylin and eosin; MRI, magnetic resonance imaging; Olig2, oligodendrocyte transcription factor 2.
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between pairs of pathologists. Agreement was similar for oligodendrogliomas and

astrocytomas but lower for undefined gliomas. These results are similar to patholo-

gist agreement in human glioma studies and with other tumour entities in veterinary

medicine.
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1 | INTRODUCTION

Gliomas are common in dogs, comprising approximately 30%–40% of

intracranial tumours, and are particularly frequent in brachycephalic

breeds such as the Boxer, Boston terrier and English and French bull-

dogs.1,2 Though MRI can document the presence of an intracranial

mass, histopathologic examination is necessary to confirm the diagno-

sis of a glioma, including its subtype (oligodendroglioma, astrocytoma

or undefined glioma) and grade (low-grade or high-grade).1 Due to the

inherent subjectivity of microscopic evaluation, morphologic assess-

ment is subject to both intra- and inter-observer variability. Therefore,

assessment of inter-pathologist diagnostic agreement is necessary to

evaluate the utility of diagnostic criteria.

Historically, the diagnosis of canine glioma has been based on

World Health Organization guidelines.3 That system, which is now

over two decades old, splits canine gliomas into thirteen different sub-

types. Newer consensus recommendations have recently been pro-

vided by the Comparative Brain Tumour Consortium (CBTC), a panel

of veterinary and physician pathologists whose members consolidated

potential diagnoses into three broad categories of oligodendroglioma,

astrocytoma and undefined glioma, each of which are further classi-

fied into low-grade and high-grade tumours.4 However, there are few

studies examining diagnostic agreement for brain tumours amongst

veterinary pathologists.4,5

Understanding the degree of pathologist agreement for canine

glioma utilising the current guidelines is critical not only for diagnostic

pathology, but also for clinical research, for which diagnostic criteria

must be harmonised in order for multi-institutional studies to be suc-

cessful. Percentage agreement and kappa statistics are common

methods of assessing such agreement. The kappa statistic estimates

the degree to which different raters agree compared to what would

be predicted by chance alone.6 Kappa statistics can range from +1

(complete agreement) to 0 (random chance) to �1 (complete disagree-

ment). The agreement levels for the kappa statistic are defined as poor

(0), slight (0.01–0.20), fair (0.21–0.40), moderate (0.41–0.60), substan-

tial (0.61–0.80), almost perfect (0.81 ≤ 1.0) and perfect (1.0)

agreement.7

In humans, differences in pathologist assessment can lead to sub-

stantial effects on patient diagnosis and case management. Approxi-

mately 20%–40% of human gliomas are reclassified after independent

subspecialist review, largely due to the subjective nature of diagnostic

criteria.8,9 The goal of this study was to evaluate inter-pathologist per-

centage agreement and kappa statistics for the diagnosis of tumour

subtype and grade in a canine glioma cohort, using the CBTC

guidelines.4

2 | MATERIALS AND METHODS

2.1 | Case identification and sample preparation

A retrospective search utilising the terms glioma, oligodendro-

glioma, astrocytoma, mixed glioma, oligoastrocytoma, glioblastoma

and gliomatosis cerebri was performed to identify canine samples

diagnosed as intracranial glioma from the pathology archives at

North Carolina State University's College of Veterinary Medicine

(2006–2018), yielding 85 cases for review. Brains had been fixed

whole in 10% neutral buffered formalin for 48–72 hours, with sam-

ples routinely processed for histology, and embedded in paraffin. In

order to maintain histologic and immunohistochemical consistency

between cases, new samples were sectioned at 5 μm, mounted on

charged glass slides, stained with haematoxylin and eosin (H&E) or

prepared for immunohistochemical detection of oligodendrocyte

transcription factor 2 (Olig2), glial fibrillary acidic protein (GFAP),

20 ,30-cyclic-nucleotide 30-phosphodiesterase (CNPase) and Ki-67

(Table S1). Slides were then digitally scanned (40X magnification) to

an electronic database for diagnostic review (Aperio AT Turbo, Leica

Biosystems, Buffalo Grove, IL, United States). The choice of immu-

nohistochemical markers was based on CBTC guidelines for the

diagnosis of canine glioma.4

2.2 | Diagnostic review

A panel of four board-certified (ACVP) veterinary anatomic patholo-

gists (GAK, DEM, ADM, DAT) and one physician neuropathologist

(CRM) independently reviewed all 85 specimens, which included the

same H&E-stained sections, as well as sections immunohistochemi-

cally labelled with Olig2, GFAP, CNPase and Ki-67. Pathologists were

instructed to utilise the CBTC diagnostic criteria to diagnose each

case as oligodendroglioma, astrocytoma, undefined glioma, or other

(non-glioma) and for cases diagnosed as glioma, to provide a grade

(low- or high-grade).4 Pathologists, who were blinded to each other's

analyses, provided their assessments to a single pathologist (GAK),

who collated the data after recording his own diagnoses (so as not to

be biased by others).
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2.3 | Statistical analyses

Diagnoses from the pathologists were recorded as low-grade oligo-

dendroglioma, high-grade oligodendroglioma, low-grade astrocytoma,

high-grade astrocytoma, low-grade undefined glioma, high-grade

undefined glioma or other. Cases for which three or more pathologists

agreed on combined diagnosis and grade qualified as achieving con-

sensus. Concordance rates (5/5 pathologists (100%); 4/5 (80%) or 3/5

(60%)) were calculated for cases achieving consensus.

The proportion of agreeing pairs out of all possible rating pairs

can be computed for each case. The overall percentage agreement of

pathologists' diagnoses was calculated as the mean of the proportion

of agreeing pairs across all raters.10 This calculation was performed on

the cases achieving consensus for assessments of glioma subtype, gli-

oma grade and combined glioma subtype and grade; cases including a

response of ‘other’ (non-glioma) were not included in calculations

involving grade.

Cohen's kappa11 was used to assess inter-pathologist agreement

beyond chance for individual pairs of pathologists and Fleiss' kappa12

was used to assess inter-pathologist agreement beyond chance across

the entire group of pathologists. Kappa analyses were based on all

cases achieving consensus for combined subtype and grade, but cases

including a response of ‘other’ (non-glioma) were not included in cal-

culations involving grade. Bootstrap 95% confidence intervals for

kappa were calculated based on the adjusted bootstrap percentile

(BCa) method with 1,000 bootstrap replicates using the R/boot pack-

age (R Core Team 2019, Vienna, Austria). The BCa approach adjusts

for bias and skewness in the bootstrap distribution.13 All calculations

were conducted in the R software environment (R Core Team 2019,

Vienna, Austria).

Archival diagnoses that were changed after review in this study

were identified and reclassification rates for archival diagnostic cate-

gories were calculated. For these calculations, archival diagnoses of

glioblastoma were considered to be analogous to high-grade astrocy-

toma and diagnoses of mixed glioma or oligoastrocytoma were con-

sidered to be analogous to undefined glioma.

3 | RESULTS

The glioma subtype and grade diagnoses made by each pathologist,

original archival diagnoses and resulting consensus diagnoses are

shown in Figure 1. Pathologist diagnoses considering only subtype or

only grade are shown in Figures S1 and S2, respectively. Although

there was variability amongst pathologists, a consensus diagnosis of

glioma subtype and grade was achieved in 71/85 (84%) cases (Fig-

ure 1). Consensus glioma diagnoses were low-grade oligodendro-

glioma (n = 9, 13%), high-grade oligodendroglioma (n = 43, 61%), low-

grade astrocytoma (n = 8, 11%), high-grade astrocytoma (n = 10,

14%) and high-grade undefined glioma (n = 1, 1%). For the fourteen

remaining cases, five had a consensus diagnosis of glioma but not a

consensus on subtype or grade, two had a consensus diagnosis of his-

tiocytic sarcoma, two had a consensus diagnosis of encephalitis, one

had a consensus diagnosis of meningioangiomatosis, one was a poorly

differentiated neoplastic mass with no diagnostic consensus, and

three did not have any tumour in available sections. Considering archi-

val diagnoses, 19 astrocytomas, 3 oligodendrogliomas, 8 mixed glio-

mas and 7 samples diagnosed as gliomatosis were reclassified after

review by the pathology panel. These archival diagnoses and their

reclassifications are shown in Table 1.

Percentage agreement amongst all pathologists on combined gli-

oma subtype and grade diagnosis for the 71 cases that reached con-

sensus was 66% and for subtype alone and grade alone were 80% and

82%, respectively. Concordance rates for each subtype and grade for

the cases that reached consensus are shown in Table 2. Four cases

that included a diagnosis of ‘other’ (non-glioma) were not included in

calculations involving grade, leaving 67 cases available for these

calculations.

Kappa analyses were based on the 71 cases achieving a consen-

sus diagnosis for combined subtype and grade, although four cases

that included a diagnosis of ‘other’ (non-glioma) were not included in

calculations involving grade, leaving 67 cases available for these calcu-

lations. Overall pathologist agreement for glioma subtype, grade and

combined diagnosis as measured by Fleiss' kappa statistic was moder-

ate and similar between subtype and grade (Table 3), while agreement

between pairs of pathologists as measured by Cohen's kappa statistic

ranged from fair to almost perfect (Table 4).

4 | DISCUSSION

In this study, a consensus diagnosis of glioma subtype and grade was

achieved in 71/85 (84%) cases by a panel of veterinary and physician

pathologists utilising the CBTC classification criteria. Considering orig-

inal archival diagnoses, the reclassification rate was higher for archival

diagnoses of mixed gliomas (100%) and astrocytomas (61%) than for

oligodendrogliomas (8%). Overall inter-pathologist agreement for

canine glioma subtype and grade was moderate (kappa = 0.542 and

0.516, respectively), while individual inter-pathologist agreements

ranged from fair (kappa = 0.310) to almost perfect (kappa = 0.905).

Percentage agreements for inter-pathologist pairs were consistent

with their corresponding Cohen's kappa statistics. Agreement for

combined subtype and grade was also moderate (kappa = 0.466).

Agreement was similar between oligodendroglioma (kappa = 0.585,

moderate) and astrocytoma (kappa = 0.566, moderate) but greater

than that for undefined gliomas (kappa = 0.280, fair). Agreement for

low-grade and high-grade tumours was identical (kappa = 0.516,

moderate).

Factors shown to affect inter-observer diagnostic agreement for

human gliomas include experience level of the pathologist, institution

type and glioma subtype. Inter-observer agreement is higher between

pathologists working at tertiary care centres (universities and referral

centres) and neuropathology specialists than it is between neuropa-

thologists and generalist pathologists working at local hospitals.14,15

In another study, when separate panels of neuropathologists and gen-

eralist pathologists reviewed the same astrocytoma case series,

KRANE ET AL. 883



neuropathologists tended to agree more amongst themselves

(kappa = 0.63) than they did with generalists (kappa = 0.36), showing

the effect of subspecialty training and experience on evaluation of

these tumours.16

Different subtypes of glioma present varying levels of diagnostic

difficulty, which also affects inter-observer diagnostic variability. In

humans, glioblastoma has high levels of inter-observer agreement com-

pared to other tumour subtypes such as low-grade astrocytoma.17

F IGURE 1 Archival diagnoses,
individual diagnoses by each pathologist
and consensus diagnoses for 85 cases
from the original archival cohort. Cases
where the archival diagnosis differed from
the diagnosis after pathologist review are
marked by an asterisk (*). Abbreviations:
EMB, embryonal tumour; HS, histiocytic
sarcoma; INF, inflammatory lesion

(encephalitis); LSA, lymphosarcoma; MGA,
meningioangiomatosis; NOS, tumour not
otherwise specified; NT, no tumour in
section; RC, round cell tumour (not
otherwise specified)
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This can be attributed to the dramatic and straightforward histologic

features of this neoplasm, such as vast regions of necrosis and overt

microvascular proliferation. Diagnosis of other tumour subtypes are

often based on subtle histologic features that may result in more vari-

ability in individual pathologist interpretation. Gliomas in human patients

with mixed morphology (previously referred to oligoastrocytomas and

analogous to undefined gliomas in dogs) present a particular diagnostic

challenge, as they exhibit both oligodendroglial and astrocytic features.

Their diagnostic subjectivity is reflected by low inter-observer agree-

ment compared to other subtypes.18,19 Although there were very few

undefined gliomas in our case series, our study is in agreement with

such data, as undefined glioma had the lowest kappa statistic of any

subtype in our cohort. Cases of recurrent glioma also present diagnostic

challenges that can confound inter-observer agreement. Prior adminis-

tration of radiation therapy and chemotherapy can introduce histologic

changes that can complicate assessment of both tumour subtype and

grade.20,21 For example, it can be difficult to discern whether necrosis in

the setting of recurrent tumours is caused by properties inherent to the

tumour or by the radiation therapy.21

Pathologists evaluate many histologic features during microscopic

evaluation. Some of these features are more amenable to agreement

than others and include high cellularity, mitoses, endothelial

TABLE 1 Archival diagnoses and reclassification after pathologist panel review

Archival diagnosis

Reclassified diagnosis
Oligodendroglioma
n = 39

Astrocytoma
n = 31

Mixed
glioma n = 8

Gliomatosis
cerebri n = 7

Low-grade oligodendroglioma 2 2 1

High-grade oligodendroglioma 8 3

Low-grade astrocytoma 1c 2

High-grade astrocytoma 1 1 1

High-grade undefined glioma 1

Oligodendroglioma not otherwise

specifieda
1

Glioma not otherwise specifiedb 3 1

Histiocytic sarcoma 2

Tumour not otherwise specified 1

Inflammatory lesion 1 1

Meningioangiomatosis 1

No tumour in section 1 2

Reclassification total 3 (8%) 19 (61%) 8 (100%) 7 (100%)

aThree of five pathologists agreed on a subtype of oligodendroglioma, but consensus was not reached on grade.
bAt least three of five pathologists diagnosed the case as some subtype of glioma, but consensus was not achieved on subtype or grade.
cArchival diagnosis of glioblastoma (analagous to high-grade astrocytoma) was reclassified to low-grade astrocytoma.

TABLE 2 Diagnostic concordance
rates for glioma cases achieving
consensus on subtype and grade Number of cases

Diagnostic concordancea

100% 80% 60%

Combined diagnosisb 71 35% 31% 34%

Oligodendroglioma overall 52 71% 17% 12%

Astrocytoma overall 18 28% 44% 28%

Low-grade glioma overall 17 41% 41% 18%

High-grade glioma overall 54 67% 22% 9%

Low-grade oligodendroglioma 9 22% 44% 33%

High-grade oligodendroglioma 43 47% 28% 26%

Low-grade astrocytoma 8 13% 25% 63%

High-grade astrocytoma 10 20% 30% 50%

High-grade undefined glioma 1 0% 100% 0%

aNumber of pathologists in agreement (100% = 5/5 pathologists, 80% = 4/5 pathologists, 60% = 3/5

pathologists).
bConsensus diagnosis on both glioma subtype and grade.
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proliferation and necrosis.22,23 Histologic features of human gliomas

frequently subject to inter-pathologist disagreement include pleomor-

phism, anaplasia, increased vascularity and the presence of subpial or

leptomeningeal infiltration.22,23,24 Ultimately, it is imperative that

diagnostic criteria prioritise features with high levels of agreement in

order to result in reproducible diagnoses regardless of the examiner.

Assessment of specific histologic criteria was not evaluated in our

study, although the CBTC study investigated such factors in canine

gliomas and showed that there was substantial agreement by patholo-

gists on the presence of necrosis and microvascular proliferation.4

Twenty to forty percent of human gliomas are reclassified after

review by neuropathology specialists or a central review board, and

although some of these changes are minor, others can result in signifi-

cant clinical impacts to the patient.8,9,15 In our study, we investigated

reclassification of archival diagnoses after review by our pathology

panel (Table 1). This analysis is limited by the fact that diagnostic cri-

teria were not standardised between pathologists making the archival

diagnoses, whereas our pathology review panel used the CBTC glioma

diagnostic criteria. Regardless, in our study, cases with an archival

diagnosis of mixed glioma or astrocytoma had higher rates of reclassi-

fication than did cases with an archival diagnosis of oligodendroglioma

(100%, 61% and 8%, respectively). Given that Fleiss' kappa statistic

was similar in our study between oligodendroglioma and astrocytoma,

these data support the hypothesis that the CBTC initiative may have

improved concordance for diagnosis of astrocytoma in particular.

To the authors' knowledge, assessment of diagnostic agreement

for brain tumours amongst veterinary pathologists is limited to three

studies.4,5,25 One study was limited to meningiomas.25 Another study

examined multiple types of nervous system tumours in cats and dogs

and reported substantial diagnostic agreement based on assessment

of H&E sections (kappa = 0.66), with improvement after utilisation of

a combination of immunohistochemical and special histochemical

stains (kappa = 0.76).5 The high level of agreement in that study may

relate in part to utilisation of broad diagnoses across different tumour

entities (e.g., glioma, meningioma), as opposed to our study, which fur-

ther split glioma into subtype and grade.5 In the CBTC study, assess-

ment of gliomas by a panel of veterinary and physician

neuropathologists showed moderate agreement for oligodendro-

glioma and astrocytoma subtypes, slight agreement for the undefined

glioma subtype and moderate agreement for grade, consistent with

our study.4 The CBTC study also found that veterinary pathologists

are more likely than physician pathologists to make a diagnosis of oli-

godendroglioma, with physician pathologists showing a bias toward

astrocytoma.4 Our study did not include enough pathologists to ade-

quately investigate differences in diagnoses between physician and

veterinary pathologists.

There are several studies assessing inter-pathologist agreement

for other disorders in veterinary medicine. One study investigated

agreement between a review panel of two pathologists and the origi-

nal examiner in amputated canine and feline digits and found com-

plete agreement in 80% of cases, though kappa statistics were not

reported.26 Another study, utilising a panel of three observers, investi-

gated intra- and inter-observer agreement in the setting of canine soft

tissue sarcoma and reported inter-observer kappa statistics of 0.60

and 0.43 for diagnosis and grade, respectively.27 These results are

similar to our findings of 66%, 80% and 82% overall agreement for

combined diagnosis, tumour subtype and tumour grade, respectively

and kappa statistics of 0.542 and 0.516 for tumour subtype and grade,

respectively. Several other veterinary studies investigated inter-

pathologist diagnostic agreement for mast cell tumours, and found the

agreement is variable depending on the diagnostic system utilised

(kappa = 0.503 with no standardised diagnostic criteria and

kappa = 0.621 with the Patnaik system).28–30 Inter-pathologist agree-

ment as determined by calculation of a kappa statistic for the more

TABLE 3 Agreement amongst all pathologists on tumour subtype, grade and combined diagnoses considering cases achieving a consensus
diagnosis

Number of cases Fleiss' kappa statistic (95% confidence interval) Percentage agreement

Combined overalla 71 0.466 (0.422–0.509) 66%

Subtype overall 71 0.542 (0.477–0.606) 80%

Grade overallb 67 0.516 (0.440–0.591) 82%

Oligodendroglioma 52 0.585 (0.511–0.659)

Astrocytoma 18 0.566 (0.492–0.640)

Undefined glioma 1 0.280 (0.206–0.354)

Low-grade gliomab 14 0.516 (0.440–0.592)

High-grade gliomab 53 0.516 (0.440–0.592)

Low-grade oligodendroglioma 8 0.380 (0.219–0.548)

High-grade oligodendrogliomab 42 0.545 (0.471–0.619)

Low-grade astrocytoma 6 0.554 (0.480–0.628)

High-grade astrocytoma 10 0.430 (0.356–0.504)

High-grade undefined glioma 1 0.361c

aConsensus diagnosis on both glioma subtype and grade.
bCases with any pathologist response of ‘other’ (non-glioma) were excluded from kappa analysis and percentage agreement calculation for grade.
cLow sample size precludes calculation of confidence interval.
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recent Kiupel classification system31 has not been reported, to the

authors' knowledge. However, inter-pathologist agreement using a

different statistic (Cronbach's alpha) showed agreements ranging from

63.0% to 74.6% (depending on grade) and 96.8% for the Patnaik and

Kiupel systems (respectively), although the number of raters was dif-

ferent between these groups (28 vs. 6 pathologists, respectively).31 A

more recent study comparing these two classification systems showed

percent agreement calculations of 72.9% and 77.0% for the Patnaik

and Kiupel systems, respectively.32

There are several limitations in the present study. Agreement

between pathologists on individual diagnostic criteria (e.g., microvas-

cular proliferation, necrosis, detection of mitoses) was not assessed,

and such an analysis might have provided further insight into the fac-

tors driving pathologist disagreements. Agreement before and after

evaluation of immunohistochemistry sections was not incorporated

into the study design and might have been useful to assess the effect

of the availability of immunohistochemistry on diagnostic agreement.

In our experimental design, each pathologist evaluated the slides

once. If each pathologist had read each slide multiple times, in differ-

ent orders, with an interim break between assessments, intra-

observer variability could have been assessed. Finally, two of the

pathologists in our review panel were also members of the CBTC gli-

oma panel (ADM, CRM), which may have introduced some bias into

our study.

Given the moderate level of agreement as defined by kappa sta-

tistics, assessment of canine gliomas by a single pathologist is likely

sufficient for routine diagnostic pathology, provided the CBTC guide-

lines are utilised. Our study reports levels of agreement similar to

those reported for human gliomas and also similar to agreement

reported for other well-established diagnostic systems in veterinary

TABLE 4 Agreement between pairs of pathologists on tumour subtype, grade, and combined diagnoses considering cases achieving a
consensus diagnosis

Pathologist pair Percentage agreement Cohen's kappa statistic (95% confidence interval)

Combined diagnosisa 1–2 69% 0.497 (0.337–0.661)

1–3 90% 0.839 (0.690–0.932)

1–4 58% 0.355 (0.196–0.520)

1–5 66% 0.459 (0.299–0.626)

2–3 69% 0.508 (0.352–0.680)

2–4 58% 0.352 (0.209–0.516)

2–5 62% 0.410 (0.258–0.559)

3–4 62% 0.428 (0.265–0.592)

3–5 66% 0.470 (0.318–0.622)

4–5 59% 0.392 (0.245–0.541)

Subtype only 1–2 85% 0.643 (0.464–0.821)

1–3 93% 0.843 (0.691–0.965)

1–4 76% 0.382 (0.138–0.586)

1–5 80% 0.570 (0.360–0.752)

2–3 82% 0.589 (0.408–0.756)

2–4 75% 0.310 (0.102–0.526)

2–5 80% 0.567 (0.372–0.747)

3–4 78% 0.439 (0.228–0.656)

3–5 80% 0.582 (0.372–0.749)

4–5 76% 0.420 (0.204–0.622)

Grade onlyb 1–2 82% 0.513 (0.215–0.740)

1–3 97% 0.905 (0.633–1.000)

1–4 78% 0.481 (0.285–0.690)

1–5 85% 0.493 (0.191–0.754)

2–3 85% 0.594 (0.347–0.786)

2–4 78% 0.504 (0.236–0.686)

2–5 76% 0.327 (0.061–0.571)

3–4 81% 0.550 (0.354–0.733)

3–5 85% 0.493 (0.176–0.743)

4–5 75% 0.403 (0.199–0.621)

aConsensus diagnosis on both glioma subtype and grade.
bCases with any pathologist response of ‘other’ (non-glioma) were excluded from kappa analysis and percentage agreement calculation for grade.
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medicine (canine soft tissue sarcoma and mast cell tumours).4,5,8,9,14–

16,26–30 Pathologists are still encouraged to consult with other pathol-

ogists, including neuropathology subspecialists, as needed, depending

on the case. In certain research settings, such as preclinical drug

development, where diagnostic precision potentially impacts the

health of numerous animals or humans, standard peer-review is regu-

larly utilised and similar approaches are recommended for veterinary

clinical trials and other research studies. In this scenario, which is well

described in the toxicologic pathology literature, a second pathologist

or a panel of pathologists reviews the diagnoses and reconciles dis-

agreements with the original pathologist prior to finalisation of study

data.33,34 When these differences cannot be reconciled, a larger panel

of pathologists (pathology working group) reviews the data and votes

on the ultimate diagnoses prior to finalisation of the study.33,34

There are limited data regarding the impact of glioma subtype

and grade on survival in dogs. One study of dogs with intracranial glio-

mas treated with surgical resection and an immunotherapeutic tumour

vaccine concluded that those with astrocytomas had longer survival

than those with oligodendrogliomas or undefined gliomas and that

dogs with low-grade gliomas lived longer than dogs with high-grade

tumours.35 If this differential response to therapy and survival of dogs

with varied glioma subtypes and grades is supported by additional

studies, it would reinforce the importance of providing an accurate gli-

oma diagnosis and consistent agreement between pathologists. Addi-

tionally, molecular pathology will likely provide further assistance with

regards to providing a diagnosis, prognosis and treatment plan for

canine patients with gliomas, as it has for humans,36–39 and may even

supersede histologic assessment in the future.
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