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Abstract

The reported prevalence of canine hepatoid gland tumor (HGT) varies widelyowing mainly to the lack of well-
defined diagnostic criteria and poor interobserver agreement. The aim of the present study was to improve the level of 
diagnostic agreement among pathologists in canine HGT. Five pathologists diagnosed and classified morphological 
features in 57 cases of canine HGTand, based on their reports, diagnostic algorithms were devised using recursive 
partitioning analysis. The proportion of diagnoses of malignant hepatoid neoplasia among the five pathologists 
ranged from 26.3 to 50.9%. Interobserver diagnostic agreement was classified as fair (κ=0.54) but improved to good 
(κ~0.65) following application of two novel diagnostic algorithms based on histomorphological features as sebaceous 
differentiation, mitotic count, atypical mitosis and cellular atypia. This study has demonstrated that interobserver 
agreement in the diagnosis of canine HGT could be improvedusing novel algorithms. Further analyses are warranted to 
validate the proposed classification systems applying a higher sampling of canine HGTs.
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Introduction

 Hepatoid gland tumors (HGTs)constitute one of the 
most common types of canine skin cancer andaccount for 5.8 
to 13.5% of all cutaneous neoplasms in the species (6, 16, 27). 
Althoughprognosis of the condition is generally good, cases 
ofrecurrence and metastases have been described (2, 14, 24, 
30, 35). However, the worldwide prevalence of malignant 
HGTvaries considerably with combined rates of carcinoma 
and epithelioma (considered as low-grade malignancy) 
ranging from 3.3 to 54.5% according to varioussurveys (1, 2, 
5, 6, 11, 14, 16, 18, 20, 21, 24, 25, 27, 30-34).

 Reproducibility is one of the essential elements 
of a classification scheme in anatomic pathology, and 
lack of agreement may preclude an accurate assessment 

of the clinical value of a diagnostic test (23). A possible 
source of this variation could be the use of different 
diagnostic guidelines (12),mainly because specific 
histomorphological criteria predictive of poor prognosis 
in canine HGTs have yet to be reported. Moreover,the 
issue of interobserver agreement regarding the diagnosis 
of malignancy has received scant attention, althoughone 
study reported 82% concurrence between two pathologists 
in such diagnosis (7). 

 The main aims of the present study wereto 
determinethe degree of interobserver agreement 
regarding the diagnosis of malignancy in canine HGTs 
according to currently available criteria, andto establish 
the impact of novel diagnostic algorithms on the level 
ofinterobserveragreement.
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Materials and methods

Case selection
Cases of canine HGTs were selected from the 

electronic databaseof a private veterinary pathology 
laboratory in São Paulo, Brazil. The inclusion criteria were: 
(i)cases representing lesions with unequivocal hepatoid 
gland differentiation, (ii) cases without excessive tissue 
artifacts (i.e., autolysis), and (iii) cases in which the referring 
veterinary surgeonhad provided resection specimens. Cases 
involving undifferentiated carcinomas, poorly differentiated 
carcinomas with suspected hepatoid gland differentiation 
orthose supported only by incisional biopsies were excluded. 
A search of the database identified 57cases of HGTs(from45 
dogs) that satisfied the inclusion criteria.All reports and the 
corresponding hematoxylin and eosin (HE) stained slides 
were reviewed. Signalment and clinical data relating to the 
dogs enrolled in the study are presented in Table 1.

The study was performed with the approval of the 
Committee on Bioethics of the School of Veterinary Medicine 
and Animal Science of the University of São Paulo (protocol 
number 4945080716). Permission to extract and analyze data 
retrieved from the files of the private pathology laboratory 
was obtained explicitly from the owner of the database.

Reproducibility study
 Each of the five veterinary pathologists (P), identified 

by numbers 1 to 5, involved in the study had undergone 
formal residential training in veterinary anatomic pathology 
and were experienced in diagnostic pathology in terms of the 
total numbers of cases signed-out and the proportion relating 
to small animal surgical pathology (Table 2). The same HE-
stained slides from each of the 57 HGTs were submitted to the 
pathologists in order to avoid field variability among analyses. 
In addition, pathologists were provided with diagnostic 
criteria encompassing the references commonly used in 
veterinary pathology training worldwide (8, 9, 12), on the 
basis of which caseswere diagnosed according to a four-tiered 
diagnostic classificationas hyperplasia, adenoma, epithelioma 
or carcinoma.The following morphological criteria were 
evaluated: grade of infiltration, cytologic atypia, cell polarity, 
percentage of reserve cells, percentage of tumor necrosis, 
sebaceous differentiation, squamous differentiation, mitotic 
count, presence of atypical mitosis, presence of mitotic figures 
in differentiated or partially differentiated hepatoid cells, and 
vascular invasion. Cell polarity was defined in terms of the 
degree of disorganization of the typical maturation pattern from 
reserve to mature cells. According to this definition, preserved 
cell polarity was characterized by reserve cells situated at 

Benign nodules Malignant tumors
n tumor (animals) 28 tumors (18 dogs) 29 tumors (27 dogs)

Breed (n)

Mixed-breed (7); Lhasa Apso (3); Labrador 
Retriever (2); Cocker Spaniel, Belgian Shepherd, 

Fox Terrier, Bichon Frisè, Yorkshire Terrier, 
Golden Retriever (1 each)

Mixed-breed (8); Cocker Spaniel, Poodle (5 each); 
Beagle, Shih Tzu (2 each); Schnauzer, Labrador 
Retriever, English Bulldog, Teckel, West White 

Highland Terrier (1 each)

Location (n)
Anal/perianal (24); tail (3); anal Anal/perianal (22); tail (3); prepuce, 

or tail (1) lombar region, anal or tail (1 each);
 N/A (1)

Age (years) 10.62 ± 2.99 12.48 ± 2.4
Male:femaleratioa 7.5:1 1,001
Size (cm) 1.82 ± 0.94 1.9 ± 0.64
Multiple nodules (%) 2 (11.1%) 8 (29.6%)

Abbreviation: N/A, Not aavailable. Values are represented as mean ± standard derivation.  
a Patients presenting multiple nodules were allocated to the group corresponding to the most aggressive diagnosis based on the 
histopathological analysis.

Table 1.  Signalment and clinical data of dogs included in the study.a

Table 2.  Experience of the five pathologists included in the study.

Pathologist (P) number Experience Estimated proportion of small animal surgical pathology cases 
from total workload

P1 5.5 years 99.4%
P2 7 months 80.0%
P3 5 years 50%
P4 5.5 years 16.7%
P5 17 years 74.5%
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the periphery of tumor lobules with differentiated cells at the 
center, while loss of cell polarity encompassed varying degrees 
of deviation from this pattern with random cell distribution. 
Mitotic figures were counted in ten non-overlapping and 
contiguous high-power fields avoiding ulcerated areas and those 
with higher mitotic activities (hotspots). In order to improve the 
detection of hotspots, multiple mitotic counts were suggested 
for each case and the highest mitotic count reported. The field 
numbers of the microscopes employed by the pathologists 
were recorded and the results converted to mitotic count per 
area, as previously recommended (22). Detailed classification 
schemes for each of the morphological criteria are described 
in Table 3. The analyses were performed independently by 
each pathologist according to his/her availability with no time 
constraint set. Each pathologistwas blind to previous diagnoses, 
and discussion of cases or consensus viewswas prohibited.

Statistical analysis
Agreement between pathologists was evaluated 

usingintraclass correlation coefficients (ICC) for ordinal 
or numeric variables and Cohen’s κ for binary variablesas 
previously described (29). Coefficients of agreement were 
expressed as mean and median (with interquartile range) values 

and the group agreement for each variable was calculated. ICC 
and κvalues were interpreted as follows: <0.4, poor; 0.4–0.59, 
fair; 0.6–0.74, good; 0.75–1,excellent (3).

Evaluations of morphological criteria produced by 
all pathologists were pooled, and several regression trees 
were developed via recursive partitioning. Hyperplasias 
and adenomas were merged into the category benign 
noduleswhile epitheliomasand carcinomas were classified 
as malignant tumors. Epitheliomas are considered low-
grade malignancies (20). Rather than employing the final 
diagnosis provided by each pathologist, dependent variables 
for regression trees were obtained considering a two-tier 
(benign nodule vs. malignant tumor) diagnostic scheme. 
Outcomes for each tree were based on the grades of agreement 
betweenthe original diagnoses of malignant tumors by the 
pathologists. The impact of each algorithm on interobserver 
diagnostic agreement was evaluated using paired t tests with 
calculation of Cohen’s effect size d and the mean difference. 
The least complex trees that could engender improvements 
in diagnostic agreement when applied to each pathologist 
were selected.The impact of adopting mitotic count per area 
rather than count per 10 high-power fieldson agreement was 
determinedusing similar statistical tests. The correlation 

Table 3.  Morphological criteria for histopathological analysis.

Infiltration grade Reserve cells Necrosis

1 Non infiltrative 1 0-25% 1 0

2 Rare infiltrative foci 2 25-50% 2 1-25%

3 Partially well-demarcated, partially infiltrative 3 51-75% 3 25-50%

4 Infiltrative (predominantly) 4 76-100% 4 51-75%

Sebaceous differentiation Squamous differentiation Mitoses in differentiated cells Vascular invasion

1 Absent 1 Absent 0 No 0 No

2 Rare foci 2 Rare foci 1 Yes 1 Yes

3 Moderate to marked 3 Moderate to marked Mitotic count (mitoses per 2.37 cm²)

Cellular atypiaa Loss of cell polaritya

Grade Absent/minimal Moderate Marked Grade None/minimal Moderate Marked

1 +++ - - 1 +++ - -

2 +++ + - 2 +++ + -

3 ++ ++ - 3 ++ ++ -

4 + +++ - 4 + +++ -

5 - +++ - 5 - +++ -

6 +++ - + 6 +++ - +

7 - +++ + 7 - +++ +

8 ++ - ++ 8 ++ - ++

9 - ++ ++ 9 - ++ ++

10 + - +++ 10 + - +++

11 - + +++ 11 - + +++

12 - - +++ 12 - - +++
a  - absent; + rare foci; ++ partial; +++ predominant/diffuse.
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between mitotic count and microscope field number was 
assessed in terms of the Spearman correlation coefficient 
(ρ), the results of which were interpreted as follows: 0-0.19, 
very weak; 0.20-0.39, weak; 0.40-0.59, moderate; 0.60-
0.79, strong; 0.8-1, very strong.

Statistical analyses were performed using R (version 
3.4.3) open-source software. Distributions of studied 
variables were evaluated for normality of distribution via 
histogram analysis and Shapiro-Wilk test and appropriate 
statistical tests selected accordingly. In all cases, the level of 
significance (α) was set at 0.05.

Results

Fifty-seven cases of HGTs were evaluated in the 
reproducibility studywithall five pathologists presenting 
diagnostic agreement with respect to 22 (38.6%) cases 
comprising 18 (31.6%) adenomas, 3 (5.3%) carcinomas and 
1 (1.8%) nodular hyperplasia. In a further 21 (36.8%) cases, 
four of the pathologists agreed diagnoses of 11 (19.3%) 
carcinomas, 9 (15.8%) adenomas, and 1 (1.8%) nodular 
hyperplasia. However, onlythree pathologists agreed 
regarding the additional 13 (22.8%) cases and diagnosed 
2 (3.5%) adenomas, 10 (17.5%) carcinomas, and 1 (1.8%) 
epithelioma. In the 1 (1.8%) remaining case, two pathologists 
diagnosed the tumor as adenoma, twoascarcinoma, and one 
diagnosed a nodular hyperplasia.

In terms of the two-tiered diagnostic classification, 
all pathologists agreedin respect of 32 (56.1%) cases 
comprising 24 (42.1%) benign nodules and 8 (14%) 
malignant tumors, four pathologists agreed diagnoses 
regarding13 (22.8%) cases involving 5 (8.8%) benign 

nodulesand 8 (14%) malignant tumors, whilein the 
remaining 12 (21.1%) cases there was agreement between 
only three pathologistswith respect to 3 (5.3%) benign 
nodules and 9 (15.8%) malignant tumors.

Comparison of the frequency of diagnoses 
per pathologist in terms of the four-tiered diagnostic 
classificationrevealed considerable divergences, with the 
diagnosis of nodular hyperplasia varying from 1 (1.7%) 
to 7(12.3%) cases,of adenoma from 25 (43.9%) to 35 
(61.4%) cases,of epithelioma from 0 to 5 (8.8%) cases, and 
of carcinoma from 12 (21.1%) to 27 (47.4%) cases (Fig. 
1A).Considering the two-tiered classification, diagnosis 
of benign nodules varied from 28 (49.1%) to 42 (73.7%) 
casesand malignant tumors from 15 (26.3%) to 29 (50.9%) 
cases (Fig.1B).

In the interobserver analysis, diagnostic agreement 
with respect to the four-tiered (ICC = 0.54) and two-tiered 
(κ=0.54) classificationswere interpreted as fair (Table 4). 

Of the 3420 morphological parameters to be 
evaluated, 3371 (98.65%) were completed correctly 
in the standardized questionnaires sent to the five 
pathologists. There were no omissions in the ʹdiagnosisʹ 
field, and omissions in other fields were considered 
random and, therefore, excluded from the agreement 
analyses and regression trees.The mean agreement among 
pathologistswas interpreted as good for mitotic count 
(ICC=0.60), and fair for cellular atypia (ICC=0.40), 
loss of cell polarity (ICC=0.40), proportion of reserve 
cells (ICC=0.43), sebaceous differentiation (ICC=0.43) 
and atypical mitosis (κ=0.42). Mean agreements for the 
remaining morphological criteria were interpreted as poor 
(Tables 5 and 6).

Figure 1. Frequency of diagnoses per pathologist in terms of the four-tiered (A) and two-tiered (B) diagnostic classifications.
Percentage values in panel (B) refer to the proportion of malignant tumors diagnosed per pathologist
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Table 4.  Pairwise interobserver agreement among five pathologists regarding the diagnosis of canine hepatoid gland tumors

Interobserver agreement
4-tiered classificationa 2-tiered classificationb

ICC P κ P
P1 x P2 0.72 <0.0001 0.72 <0.0001
P1 x P3 0.46 0.0016 0.51 <0.0001
P1 x P4 0.56 <0.0001 0.58 <0.0001
P1 x P5 0.68 <0.0001 0.62 <0.0001
P2 x P3 0.49 <0.0001 0.52 <0.0001
P2 x P4 0.45 0.0002 0.47 0.0004
P2 x P5 0.66 <0.0001 0.60 <0.0001
P3 x P4 0.40 0.0006 0.52 <0.0001
P3 x P5 0.47 0.0002 0.43 0.0005
P4 x P5 0.50 <0.0001 0.45 0.0006

Mean (σ) 0.54 (0.11) 0.54 (0.09)
Median (IQR) 0.49 (0.46 - 0.63) 0.52 (0.48 - 0.59)

Table 5.  Mean agreement among pathologists with regard to different morphological criteria expressed as ordinal/continuous variables.

Abbreviations: ICC, intraclass correlation coefficient; κ, Cohen’s kappa; IQR, interquartile range.
a Diagnoses of hyperplastic nodule, adenoma, epithelioma and carcinoma on an ordinal scale. 
b Diagnoses of benign nodule (either hyperplastic nodule or adenoma) and malignant tumor (either epithelioma or carcinoma) on an ordinal scale.

Criterion
Intraclass correlation coefficient 

ICC (mean)
Mitotic count (per 2.37 mm²) 0.60
Diagnosis (4-tiered classification) 0.54
Sebaceous differentiation 0.43
Proportion of reserve cells 0.43
Loss of cell polarity 0.40
Cellular atypia 0.40
Tumor necrosis 0.35
Infiltration grade 0.29
Squamous differentiation 0.23

Table 6.  Mean agreement among pathologists with regard to different morphological criteria expressed as ordinal/continuous variables.

Criterion Cohen’s κ (mean)
Diagnosis (benign vs. malignant) 0.54
Mitotic atypia 0.42
Mitotic figures in differentiated cells 0.32
Vascular invasion 0.08a

a Owing to the low prevalence of vascular invasion in this sample, most pairs of comparison did 
not attain statistical significance for this criterion and the mean κ value provided is not reliable.
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When interobserver agreement was evaluated 
as mitotic count per area rather than mitotic count per 10 
high-power fields, there was a decrease in mean ICC from 
0.63 (good agreement) to 0.55 (fair agreement)(Cohen’s 
effect size d=2.58, paired t-testP = 0.00049,n = 6)(Fig.2A). 
Moreover, a moderate negative correlation was detected 
between microscope field number and mitotic count 
(Spearman’s ρ=-0.43;P<0.0001) (Fig.2B) indicating that 
the pathologists were more likely to assign a higher mitotic 
count whenusing microscopes with lower field numbers.

Based on the morphological parameters evaluated 
by the pathologists, two algorithms to predict outcome 
in terms of the two-tiered diagnostic classificationwere 
developedby regression tree analysis. In the first algorithm, 
outcomes were defined as malignant when diagnostic 
agreement between all five pathologists was at least 60% 
(Fig. 3A).In the second algorithm, the diagnoses of the 
least experienced pathologist were excluded, and outcomes 
were defined as malignant when diagnostic agreement 
between the remaining four pathologists was at least 50% 
(Fig. 3B). When these algorithms were applied using the 
morphological data evaluated by all five pathologists, there 
was a significant improvement in interobserver agreement 
from fair (κ=0.54) to good (κ=0.64) with algorithm 1 
(Cohen’s effect size d = 1.18,paired t-testP = 0.00461, n 
= 10) (Fig. 4A) and from fair (κ= 0.54) to good (κ= 0.65) 
with algorithm 2 (Cohen’s effect size d = 1.12,paired 
t-testP = 0.00645,n = 10) (Fig. 4B). As showed in Fig. 4, 
improvementsin diagnostic agreement were seen in nine out 
of tenpairwise comparisons between pathologists following 
application of either algorithm. 

Discussion

In the present study, the proportion of diagnoses 
of malignant hepatoid neoplasia among the pathologists 
who took part in the study ranged from 26.3 to 50.9%, 
suggesting that the reported variation in prevalence may be 
explained, at least in part, by interobserver disagreement. 
It is not uncommon for veterinarypathologists to encounter 
problem cases for which diagnoses are open to a degree of 
uncertainty, a situation highlighted in the present study by 
the finding that disagreement of diagnosis by at least one of 
the five pathologists occurred in 61.4% of cases. A previous 
study reported disagreement between two pathologists 
regarding the diagnosis of malignancy in18.8% of cases of 
canine HGTs andargued that the discrepancy resultedfrom 
areas with high cell pleomorphism and mitotic index despite 
the preserved lobular architecture typical of adenomas (7).

Theinconsistencies outlined in the present study 
might also have stemmed from conflicting morphological 
criteria includingnon-infiltrative lesions with cellular 
atypia, equivocal stromal invasion, and presence of atypical 
mitoses in an otherwise benign lesion. Interestingly, 
stromal invasion, a criterion that has been interpreted as 
one of the most important for the diagnosis of malignancy 
by some authors (8, 10),showed only fair interobserver 
agreement for 3 out of the 10 pairs of pathologists. 
Such disparity might be explained by the difficulty that 
oftenexists in distinguishing between true stromal invasion 
and pseudoinvasion involving reactive fibroplastic tissue 
secondary to inflammation or necrosis with entrapment 
of pre-existent benign neoplastic cells.This difficulty has 

Figure 2. Impact of the correction of mitotic count per 10 high-power fields to mitotic count per 2.37 mm² showing: (A) a decrease in 
intraclass correlation coefficient (ICC) after correction. (d, Cohen’s effect size; MD, mean difference); (B) a negative correlation between 
microscope field number and mitotic count (ρ, Spearman correlation coefficient)
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Figure 3. Diagnostic algorithms obtained by regression trees with recursive partitioning. (A) Algorithm 1. (B) Algorithm 2. Benign 
nodules comprise nodular hyperplasias and adenomas while malignant tumors comprise epitheliomas and carcinomas

Figure 4. Pairwise comparisons of diagnostic agreement between pathologists before (original diagnosis) and after the use of algorithm 1 
(A) and algorithm 2 (B). P-values were obtained by paired t tests (d, Cohen’s effect size; MD, mean difference)
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been emphasized for some neoplasms, such as borderline 
ovarian tumors with microinvasion, in the distinction 
among colorectal adenomas and adenocarcinomas, and 
hepatocellular carcinomas (13, 17, 19).

Meuten et al. (22) recently stressed the importance 
of reporting mitoses per area rather than mitotic counts 
per field since microscopes may have different ocular field 
numbers. The impact of area correction on reproducibility 
of diagnosis was examined in the present study but 
interobserver agreement between pathologists worsened 
when mitotic counts per area were considered, with the 
ICC value falling from 0.63 (good agreement) to 0.55 (fair 
agreement). Further analysis of these results revealed a 
relationship between the use ofmicroscopes with lower 
field numbers and pathologists who tended to ascribe 
higher mitotic counts, indicating that the agreement before 
correction had been overestimated. Althougharea is indeed 
a source of variation in reported mitotic counts, it would 
appear that additional factors should also be considered, 
includingthe time spent per case, the experience of the 
pathologist, the different lesioned areas assessed (e.g.tumoral 
borders, hotspots, random areas), and the specific definition 
of a mitotic figure employed by each pathologist (4, 36, 37).

Even after correcting for area, discrepancies of 
up to5.5-fold were encountered in mean values of mitotic 
count between the five pathologists, withvariations ofup 
to 2.6-fold when the least experienced pathologist was 
excluded (data not shown). This finding may partly explain 
why different cut-off points for mitotic count are reported 
in different studies with similar designs. For example, in 
the case of canine mast cell tumors, Romansik et al. (26) 
proposed a cut-off point of 5 mitoses per 2.23mm2while 
Horta et al. (15) suggested 2 mitoses per 2.23mm2, even 
though both authors used prognostic features as endpoints.
On this basis, it is important that cases with mitotic counts 
close to cut-off values should be considered borderline (at 
least where prognostic features are concerned) and ideal 
candidates for further assessment using more reproducible 
techniques such as Ki-67 immunohistochemistry (38).

The presence of mitotic figures in differentiated 
cells has been suggested as an important criterion for the 
diagnosis of malignancy in canine HGTs on the assumption 
that these cells are normally stable and non-proliferative and 
that their mitotic activity represents an aberrant replication 
process (10, 12). However, when this criterion was tested, 
interobserver agreement was found to be generally poor 
with fair agreement registered for only 3 out of the 10 pairs 
of pathologists. This finding suggests that there may be 
a degree of uncertainty as to which hepatoid cells should 
be considered differentiated or partially differentiated 
and which should be classified as reserve. Discrimination 
between cell types may be even more challenging when 
there is a higher level of disorganization of cell polarity, 
since the typical peripheral organization of reserve cells 
already presents varying degrees of disturbance. Hepatoid 

glands, unlike sebaceous glands, contain a mix of small 
cells and cells with voluminous cytoplasm in the peripheral 
germinative component, and these could be classified as 
reserve cells (28).

Considering the low level of interobserver 
agreement between pathologists in the diagnosis of 
malignancy for canine HGTs, one aim of the present study 
was to develop diagnostic algorithms that might improve 
concordance. In this respect, both proposed algorithms 
showed evidence ofimprovedagreement. In comparison 
with the conventional classification, the new systems would 
have a higher chance of detecting an aggressive lesion at the 
expense of a lower chance of detecting an indolent/benign 
one. It is important to emphasize that a new classification 
system may improve reproducibility but not necessarily 
clinical validity (23).

The present study was subject to somelimitations 
that should be considered when interpreting the results. 
All participating pathologists were aware of the objectives 
of the reproducibility study and were provided with 
histological slides of cases but with no clinical information. 
It is possible, therefore, that the agreement rates obtained 
might not correspond exactly with the variation expected 
in a diagnostic setting.It is possible that pathologists use 
different approaches when undertaking a diagnosis in a 
ʹreal-lifeʹ setting in which theyare aware of the impact 
of their decision on clinical management. Moreover, 
the availability of clinical data may have some degree of 
importance in decision making by suggesting one or other 
final diagnosis in morphological borderline cases. Thus, 
the agreement rates reported here should be interpreted as 
solely representative of the histomorphological criteria for 
the diagnosis of canine HGT. 

In conclusion, the results presented in the current 
study show thatinterobserver agreement in the diagnosis of 
malignancy in HGTs was fair but could be improved to good 
by application of two novel diagnostic algorithms. Further 
analyses are warranted to validate the proposed classification 
systemsapplying other case sets of canine HGT, preferably 
with a higher number of clinically aggressive tumors. 
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