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Roter Kubus +1,5 mm pro Seite

Aufzentrierung bei BIZ-Soft geklebt: auf den links angesetzten gelben Balken (ohne Verschiebung nach rechts)! + 3mm Rand

Rückenbreite, exakt wie von BIZ berechnet. Der Rücken wird (wenn vom Binder getroffen) im Druck exakt wie berechnet breit!



Das Werk ist in allen seinen Teilen urheberrechtlich geschützt.

Die rechtliche Verantwortung für den gesamten Inhalt dieses 
��Buches liegt ausschließlich bei de� Autor�� dieses Werkes.
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Abstract

The purpose of this study was to evaluate a possible association between mammary

tumour size and increasing degree of malignancy. Data of 625 dogs with a total of

1459 mammary tumours were analysed retrospectively. 80.3% dogs were intact,

mean age at diagnosis was 9.7 ± 2.5 years, 75.8% were pure breed dogs. Median

body weight was 20.0 kg. Malignant tumours (n = 580) were significantly larger than

their benign counterparts (1.94 cm vs 0.90 cm in mean, respectively; P ≤ .0001),

resulting in a positive correlation between increasing tumour size and a change from

benign to malignant (P ≤ .0001; rs = 0.214). When malignant tumours were grouped

into four degrees of increasing malignancy (complex/simple/solid/anaplastic carcino-

mas) a significant positive correlation between increasing tumour size and more

malignant tumour degree (P ≤ .0001; rs = 0.195) could be demonstrated. In a number

of cases, highly malignant tumours were found to arise within less malignant lesions,

supporting the concept of a further progression within the malignant tumour sub-

types. In patients with multiple tumours, mean tumour sizes for malignant tumours

were significantly smaller compared to patients with only one tumour (1.67 vs

2.71 cm in mean, respectively; P < .0001). These findings suggest that mammary

tumours progress not only from benign to malignant but also from low to highly

malignant. An increase in diameter of only a few millimetres may therefore have a big

impact on the patient's outcome.

K E YWORD S

carcinoma, dog, malignant transformation, mammary tumour, oncology

1 | INTRODUCTION

Mammary tumours (MT) are the most common neoplasms in female

dogs.1,2

Dogs tend to have multiple tumours simultaneously or develop

several tumours through lifetime.3-6 Approximately 30% to 60% of

canine MT are considered malignant and can be subdivided into vari-

ous subtypes and malignancy grades following reported classification

criteria.1,3,5,7-12 For histological diagnosis, most pathology institutions

use the WHO classification system or the revised 2011 classification

system.12,13 Histological classification is based on criteria of malig-

nancy, such as nuclear and cellular pleomorphism, intratumoural

necrosis, vascular invasion and lymph node metastasis.12,13 In addi-

tion, various grading systems for epithelial MT have been established;

most by adapting the Elston and Ellis grading system for breast cancer

in women14 to a canine model.10-12,15-17 Histopathological informa-

tion about tubule formation, nuclear pleomorphism and mitotic index

is used to score each tumour. Tumour grade has been found predic-

tive regarding prognosis.11,15-17 In one study grade III tumours had a

7.1 times higher risk of death compared to grade I tumours. Mean sur-

vival times differed significantly with 7.8 months to 30.3 months in

grade III and grade I tumours, respectively.17

Benign and malignant MT have traditionally been considered

static entities, and a progression over time from a benign to a
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malignant phenotype was not a commonly accepted concept for

canine MT. However, in women a multistep carcinogenesis from a

benign hyperplastic or preneoplastic lesion to an invasive carcinoma

has been proven.18-21 Similar observations were made for canine

patients and therefore the question was raised whether atypical duc-

tal hyperplasia could serve as a precursor for malignant and invasive

tumours, indicating a similar neoplastic transformation and dedifferen-

tiation as in women.3,22-24

In 2009 the term “histological continuum” was established by

Sorenmo et al. They found that malignant MT were significantly larger

than benign tumours (4.7 vs 2.1 cm; P = .0002), and suggested a pro-

gression from benign to malignant with increasing tumour size.25

Other studies support this idea of a histological continuum from

benign to malignant with increasing tumour size. It has been shown

that dogs with larger MTs have significantly shorter survival times and

disease-free intervals.15,17,26-28 Additionally, dogs with larger tumours

are more likely to develop metastases, which is a feature of high grade

carcinomas.17,27

Different degrees of malignancy of mammary carcinomas have

been identified and it has been demonstrated that there is a continu-

ous increase in malignant behaviour from complex carcinoma to sim-

ple carcinoma to undifferentiated and further to anaplastic

carcinomas.3,9,17,29 To the authors' knowledge it remains unclear

whether there is a correlation between the size of the tumour and

increasing malignant phenotype. A loss of epithelial markers (eg,

e-cadherin, cytokeratin) and a gain of mesenchymal markers (eg,

vimentin, fibronectin) is associated with epithelial-mesenchymal-tran-

sition, which is an important step in tumour progression and metasta-

sis.30-33 In malignant canine MT, a significant association between

tumour size and advanced malignancy expressed by vimentin over-

expression34 and loss of e-cadherin expression could be demon-

strated.35 Based on this, the authors hypothesize there is not only a

correlation between the size of the tumour and malignancy in general,

but also a correlation between the degree of malignancy and size.

The purpose of this study is to prove Sorenmo's concept of asso-

ciation between tumour size and malignancy in a large population of

intact and castrated female dogs with MTs. Second, this study exam-

ines whether there is a relationship between increasing malignant

phenotype and increasing tumour size, supporting the idea of a histo-

logic continuum not only from benign to malignant but from lesser to

higher degrees of malignancy with increasing tumour size.

2 | MATERIALS AND METHODS

For this retrospective study, the medical records of 880 privately

owned female dogs were reviewed. All dogs were presented with one

or more nodules in their mammary glands to the oncology service of

Small Animal Clinic Hofheim, Germany from January 2006 to Decem-

ber 2016 and were treated by tumour excision.

Only patients with complete history of age, breed, weight and

neuter status and in which the number, location, and largest diameter

of the MT(s) had been documented were included in the study.

General examination findings, results from staging procedures (tho-

racic radiographs, abdominal ultrasound), and the extent of the surgi-

cal treatment (lumpectomy, local, regional or radical mastectomy)

were retrieved from the patients' records. All tumour excisions had

been performed with the intent of reaching clean margins.

Histological examinations were carried out by a single pathology

lab, led by a board-certified pathologist. Tumour diagnosis was based

on established classification systems by Misdorp (1999) and

Goldschmidt et al (2011).12,13

All histopathological reports were reviewed concerning tumour

type, lymphatic invasion and surgical margins. In all cases in which the

resection included the fifth mammary complex, the data set also

included information on the histopathological examination of the

superficial inguinal lymph node.

Cases with benign non-tumorous nodules (eg, hyperplasia or dys-

plasia) or without complete clinical and/or histopathological data were

excluded from analysis.

For the purpose of this study the subtypes of malignant tumours

were grouped into four degrees of increasing malignancy based on

the systems published by Misdorp13 and Goldschmidt et al12 and the

proposed classification by Schmidt and Kessler9:

Degree I: Complex carcinoma (and in situ carcinoma) (Figure 1).

Degree II: Simple carcinoma (including tubulopapillary/papillary/

cystic/ductal/mucinous types) (Figure 2).

Degree III: Solid carcinoma (Figure 3).

Degree IV: Anaplastic, inflammatory and invasive carcinoma

(including tumours with lymphangiosis carcinomatosa) (Figure 4).

If different subtypes or entities were present within one nodule,

the most malignant diagnosis was used for assigning the mass to a

specific malignancy group. All benign tumours were grouped together.

Dogs neutered less than 6 months prior to presentation were

counted as intact as a reflection of the canine oestrus cycle.

All statistical analyses were performed using the statistical soft-

ware packages BMDP/Dynamic, Release 8.1 (Dixon, 1993)* and

StatXact, Vers. 9.0.0 (Cytel, 2010).† The exact Wilcoxon-Mann-

F IGURE 1 Complex carcinoma
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Whitney test was used to determine whether there was an associa-

tion between tumour size and malignancy. Furthermore, the rank

correlation coefficient of Spearman was calculated to identify a

correlation between tumour size and the different tumour sub-

types. A possible raw association between body weight and malig-

nancy (only benign tumours, only malignant tumours, benign and

malignant tumours) was analysed by the chi-square test. In addi-

tion, a multiple logistic regression analysis was used to determine

the possible multiple association between malignancy and different

possible influencing variables in common. From these results, the

adjusted odds ratios (OR) were computed supplemented by their

95% confidence intervals (95%-CI). Statistical significance was

defined as P ≤ 0.05.

3 | CELL LINE VALIDATION STATEMENT

No cell lines were used in the current study.

4 | RESULTS

4.1 | Characteristics of the study population

A total of 625 female dogs with a total of 1459 tumours met the inclusion

criteria. At time of presentation, 80.3% (n = 502) patients were intact and

19.7% (n = 123) had been spayed >6 months prior to presentation.

Mean age at diagnosis was 9.7 ± 2.5 years. A total of 75.8% were

pure breeds (n = 474), with Dachshunds (n = 35) and Golden Retrievers

(n = 30) most commonly represented. One hundred and forty-nine dogs

(23.8%) were mixed breeds. Breed information was not available for two

dogs. Median body weight was 20.0 kg (range 1.4-67.5 kg). For

3 patients, no weight was recorded. A total of 622 of the 625 dogs were

grouped into three body weight groups (< 10 kg, 10-25 kg, ≥ 25 kg) to

evaluate the effect of dog size (defined as body weight) on tumour

malignancy.

4.2 | Characteristics of the tumours

Of the 1459 tumours 60.2% (n = 879) tumours were benign and

39.8% (n = 580) were malignant. Of the malignant tumours, 525 could

be grouped into the four malignancy groups (Table 3). For 55 patients,

no exact subgroup could be determined, they were therefore

excluded from subgroup-specific analysis.

A total of 285 patients (= 45.6%) had a single tumour, 340

patients (= 54.4%) had multiple tumours. In the population with multi-

ple tumours, a total of 1174 tumours (2-12 tumours per dog) were

identified. Four or more MTs were present in 117 patients.

Age was significantly associated with malignancy (P < .0001) and

the chance of having a malignant tumour (OR) increased 1.19 times

with every additional year of age in multiple logistic regression analy-

sis (Table 1). Also, the tumour size was significantly associated with

malignancy (P < .0001) in the multiple logistic regression leading to an

OR = 1.31 (chance increase per 1 cm).

F IGURE 2 Simple carcinoma

F IGURE 3 Solid carcinoma

F IGURE 4 Anaplastic carcinoma

GEDON ET AL. 709



  ,��?

�	���&%�	��	�

 00 

�

However, a significant effect of body weight could not be shown

in this analysis (P = .15; Table 1). The raw association between degree

of malignancy and body weight showed only a low correlation

(rs = 0.07) that was not statistically significant (P = .081). Even after

grouping patients according to their body weight, no association

between weight group and malignancy could be established (Chi-

square value = 6.0867; P = 0.19; Table 2).

Considering each tumour as a single case malignancy was strongly

associated with tumour diameter. Only 31% of the tumours <1 cm,

but 67% of the tumours >2 cm were malignant (cp Table 4). With

every cm increase in tumour size, the chance of having a malignant

MT increased 1.48 times (Table 5; OR = 1.48, logistic regression:

P < 0.0001). The distribution of the tumour size was strongly skewed

to the right: Benign tumours had a significantly smaller mean tumour

size compared to malignant counterparts [0.90 cm (median 0.50 cm;

quartile [Q] 1:0.30 cm; Q3: 1.00 cm) vs 1.94 cm (median 1.00 cm; Q1:

0.45 cm; Q3: 2.93 cm), respectively; P ≤ .0001].

In patients with single tumours, mean tumour size was 1.17 cm

(median 0.85 cm; Q1: 0.48 cm; Q3: 1.50 cm) vs 2.71 cm (median

2.00 cm; Q1: 0.70 cm; Q3: 4.00 cm (benign vs malignant; P ≤ .0001).

In patients with multiple tumours, benign tumours had a mean tumour

size of 0.85 cm (median: 0.50 cm; Q1: 0.30 cm; Q3: 1.00 cm) com-

pared to malignant ones (1.67 cm; median: 0.75 cm; Q1: 0.40 cm; Q3:

2.00 cm; P ≤ .0001). Malignant MT had significantly smaller tumour

sizes in patients with multiple compared to solitary tumours

(P < .0001; 95%CI - 1.48-0.59). Overall, a positive correlation

between increasing tumour size and a change from benign to malig-

nant was noted (rs = 0.214; P ≤ .0001).

When tumours were divided into the four different degrees of

malignancy (n = 525) (cp Table 3), a positive correlation between

increasing tumour size and increasing malignant phenotype was iden-

tified (rs = 0.195; P ≤ .0001). The correlation presented in patients

with solitary (rs = 0.267; P = .0011) as well as multiple (rs = 0.126;

P = .0142) tumours.

In 33 cases, the pathologists noted the transition of benign to

malignant and further from low grade malignancy to a higher malig-

nant phenotype within a tumour. In this respect, a malignant tumour

arising within an adenoma was identified in eight cases (Figure 5). In

additional 25 cases, a progression from a low to higher degree of

malignancy within one tumour was documented. As examples, there

were tumours with features of a solid carcinoma within a complex

phenotype, simple carcinomas arising within carcinoma-in-situ and an

anaplastic carcinoma within a solid carcinoma.

5 | DISCUSSION

The population characteristics regarding age, breed, and weight distri-

bution is similar to previous studies.1,2,25 Older dogs were significantly

more likely to have malignant tumours, as the chance of having a

malignant tumour increased 1.19 times with every year of age

(cp. Table 1). This supports the idea of a histologic progression over

time and confirms previous data, in which age was significantly related

to malignancy.1,25 The overrepresentation of Dachshunds and Golden

Retrievers likely reflects the popularity of these breeds in Germany,

rather than actual breed predispositions. A predisposition for more

benign tumours in our small-breed-group, as it had been reported

earlier,8 could not been confirmed (P = .19). However, in the previous

TABLE 2 Body weight and malignancy of MT in 622 dogs

Body weight n dogs
Only benign tumours Only malignant tumours Benign + malignant tumours

n dogs Percentage n dogs Percentage n dogs Percentage

< 10 kg 174 77 44.2 49 28.2 48 27.6

10-25 kg 187 75 40.1 68 36.4 44 23.5

≥ 25 kg 261 91 34.9 94 36.0 76 29.1

Total 622 243 211 168

Note: Chi-square: value = 6.087; P = .193.

Abbreviation: MT, mammary tumour.

TABLE 1 Association between malignancy and other possible
influencing variables (results of the multiple logistic regression model
analysis)

Variable Coefficient Odds Ratio P-value 95% CI

Body weight 0.991�10−2 1.01 .15 0.997-1.02

Age 0.172 1.19 < .0001 1.11-1.28

Tumour size 0.271 1.31 < .0001 1.17-1.47

TABLE 3 Degrees of malignancy and histological subgroups of
canine MT

Subgroup n tumours

Percentage of
malignant

tumours

Degree I (complex carcinoma) 149 25.7

Degree II (simple carcinoma) 197 34.0

Degree III (solid carcinoma) 56 9.6

Degree IV (anaplastic/inflammatory

carcinoma/[lymphatic] invasion)

123 21.2

Malignant, no subgroup 55 9.5

Total 580 100%

Abbreviation: MT, mammary tumour.
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study, different weight groups had been used and only dogs with a

mean body weight of 3.8 ± 2.0 kg were considered as small

breed dogs.

In contrast to Sorenmo's study25 our population included intact

and castrated female dogs. The influence of the neuter status on num-

ber and malignancy of the tumours was not evaluated in the present

study.

This study supports the theory of a histological continuum from a

benign to a malignant phenotype in canine MT as published by

Sorenmo et al.25 Since their study is limited by a fairly small sample

size (n = 90 patients, all intact) with a total of 236 MT (with only 37 of

the 236 tumours malignant), verification of this hypothesis using a

larger study population seemed warranted. In our population, a total

of 39.7% of all tumours were malignant, which is similar to previous

studies.3,8 A clear demonstration of an increase in the proportion of

malignant tumours with increasing size, confirms tumour size as a

valuable predictor of biological behaviour in canine MT25,28

(cp Table 4).

In the present study mean tumour sizes were smaller than in the

study published by Sorenmo et al.25 (benign 2.1 cm vs malignant

4.7 cm; P = .0002). This might be attributed to the fact, that in the cur-

rent study population, a higher proportion of the tumours were < 1 cm

in size (59.5%, compared to 42.4% in Sorenmo's study25). This could

be attributed to an earlier detection and treatment of MT in the dog

population of the present study.

The development of a malignant neoplasia is well-accepted as a

multi-step process involving the accumulation of a number of genetic

and epigenetic changes in a clonal population of cells.36 Small tumours

of <1 cm diameter were benign in over 2/3 cases (69%), but with only

1 cm increase in diameter, 2/3 of the cases were diagnosed as malig-

nant (cp Table 4). Consequently, the mean tumour size was significantly

smaller in benign tumours (0.90 cm) compared to malignant tumours

(1.94 cm; P ≤ .0001). These findings not only suggest that there is in

fact a progression from benign to malignant, but more so that this pro-

cess frequently becomes evident in the phase of tumour growth

between 1 and 2 cm in diameter, representing a phase in which the

tumour quadruples its volume from 0.524 cm3 (mass of 1 cm) to

4.189 cm3 in a mass of 2 cm in diameter. This is in agreement with

observations in other studies, where malignancy is noted when the

lesion has accumulated a sufficient number of mutations, which is typi-

cally once it has reached a diameter of 1-2 cm37. According to the pre-

sent study, this process seems to occur frequently in the phase

between 1 and 2 cm diameter in canine MT. An increase in tumour size

lead to an almost 1.5-fold higher chance to have a malignant tumour

(OR: 1.48; cp. Table 5). The influence of tumour size on malignancy

tended to be even higher, when solitary MT vs multiple tumours was

compared (OR: 1.68 vs 1.38, respectively). The correlation between

tumour size and malignancy could also be explained by the observation

that degree of malignancy impacts tumour growth rate (more malignant

TABLE 5 Association of tumour size
and malignancy (benign vs malignant) in a
logistic regression model (base: 1
case = 1 MT)

MT group n of MT Coefficient Odds Ratio P-value 95% CI

All MT 1459 0.394 1.48 <.0001 1.36-1.61

Solitary MT 285 0.521 1.68 .0001 1.39-2.04

Multiple MT 1174 0.321 1.38 <.0001 1.26-1.51

Abbreviation: MT, mammary tumour.

F IGURE 5 Histological continuum: Carcinoma in situ arising in a
mammary adenoma

TABLE 4 Canine mammary tumour diameter and malignancy

Benign Malignant
Total

Tumour diameter n Percentage n Percentage n

< 1 cm 599 69.0 269 31.0 868

1 to <2 cm 179 62.8 106 37.2 285

2 to <3 cm 52 46.4 60 53.6 112

3 to <5 cm 29 26.1 82 73.9 111

≥ 5 cm 20 24.1 63 75.9 83

Total 879 60.2 580 39.8 1459

GEDON ET AL. 711



  ,��?

�	���&%�	��	�

 0; 

�

tumours seem to grow faster). This is supported by studies demonstrat-

ing an increase in proliferation markers in malignant tumours.28

Different authors have noticed an increasing degree of malignancy

in different MT subtypes. Misdorp et al (1976) identified complex carci-

nomas as less malignant compared to simple carcinomas.29 Anaplastic

carcinomas are thought to have a worse prognosis than solid carcino-

mas and those are considered more malignant than simple and complex

carcinomas.17 This has been confirmed by clinical observations, and

specific survival times for the different histological subtypes have been

published.17,26 In Sorenmo's study,25 the question whether there is a

further progression from low to high malignancy with increasing tumour

growth remained unanswered as the study did not distinguish between

the different malignant subgroups. In women, a further progression and

dedifferentiation has been shown to occur in breast cancer21 and a

canine study reported that 90% of the dogs with ductal carcinoma-in-

situ went on to develop mammary carcinomas.23 The present study

evaluated both tumour size as a predictor for malignancy and the pro-

cess of increasing dedifferentiation, and thus progression of malignant

behaviour with increasing tumour size. Histological subtype groups

based on degree of malignancy9 were evaluated regarding the respec-

tive tumour sizes. A significant positive correlation between increasing

tumour size and more malignant phenotype (P ≤ .0001; rs = 0.195)

could be demonstrated, supporting the concept of a histologic contin-

uum within the malignant tumour subtypes. This is further supported

by the observation that highly malignant tumours were found to arise

within less malignant lesions in several histologic specimens.

The same observation was reported in the study by Sorenmo in

which histologic slides were presented that demonstrated a transition

from benign to malignant.25

It is possible that a histological progression within the same speci-

men was underreported in our study as pathologists may not have

always documented the less malignant areas of a section due to its clini-

cal irrelevance. The number of tumours in which malignant progression

was directly visible may have been higher, if a review of all malignant

tumours specifically looking for this feature had been performed.

In addition, grading of the malignant tumours according to the most

recent grading system for canine MT reported by Pena in 201010,11

could have strengthened our argument. Histological tumour grading,

however was not taken into account since a complete review of all histo-

logical specimens was not possible due to the retrospective nature of this

study, the inclusion of cases from 2006 onwards, and the limitation that

wet material or histologic slides of most cases were no longer available.

Future studies are needed to test our hypothesis using the most recent

grading system for canine MT by Pena et al.10,11

When comparing patients with solitary and multiple tumours, we

demonstrated that mean tumour sizes for malignant tumours were

significantly smaller in dogs with multiple tumours compared to

patients with only one tumour (1.67 cm vs 2.71 cm, respectively;

P < .0001). While it is possible that multiple tumours may be of more

concern to the owners and therefore the dogs may be brought to the

veterinarian's attention earlier relative to presentation of a singular

tumour, it is also possible that this observation indicates an earlier

malignant progression in patients with multiple tumours. Potential

reasons are changes in the tumour microenvironment, field effects or

influence of hormones.11,25,38-43 The relationship between tumours in

adjacent mammary complexes of the same chain (but not in different

chains) was explained in an earlier study5 by a theory of local metasta-

sis via lymphatic vessels. However, the authors disregarded any other

hormonal, genetic or microenvironmental factors.5 In a recent study, a

biologic relationship between simultaneous tumours was suggested

and explained by possible field effects in carcinogenesis.6

These results should encourage scientists to further study the fac-

tors that have a potential to be “drivers” or “retarders” of this histologi-

cal continuum. Possible players in this process could be genetic,

epigenetic, hormonal, tumour microenvironmental, field effects, or a

combination thereof. Especially studying the hormonal effects caused

by neuter status and time of neutering may profoundly increase our

understanding of mammary carcinoma development and may affect the

way we manage our patients clinically. Based on the results of this

study, the still common “wait-and-watch” attitude towards mammary

masses should be obsolete, as even removing benign mammary masses

may have an effect on the prognosis and only a few millimetres

increase in diameter could change the outcome for the patient.
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Abstract

Influence of neutering on canine mammary tumorigenesis has been a source of vivid

discussion over the last decades. The purpose of this retrospective study was to

describe the association between neuter status, tumour size and degree of malig-

nancy in a large population of 625 female dogs with altogether 1459 removed mam-

mary tumours (MTs). MT-bearing dogs were predominantly intact (80.3%) and intact

dogs were overrepresented in the tumour population compared to the control group

of >19 000 females (p < .0001). Multiple MT occurred in 340 patients (54.4%) and

were significantly more common in intact dogs (57.8% vs. 40.7% spayed). Neutered

dogs were not only significantly more likely to have a malignant MT (p < .0001) but

were significantly more often affected by more aggressive tumour subtypes

(p < .0001). Positive correlation between increasing tumour size and increasingly

malignant phenotype was slightly stronger in spayed (rs = .217; p = .021) compared

to intact (rs = .179; p = .0003) patients. After ovariectomy, progression from benign

to malignant occurs in smaller size tumours, as MT ≥2 cm in diameter were malignant

in 86.9% of the spayed patients, compared to 62.0% in intact patients (p = .0002).

Intact bitches have a higher risk for MTs and tumour multiplicity. MTs in neutered

females are more often malignant and belong to more aggressive subtypes compared

to MTs in intact dogs. In neutered bitches, histologic progression from benign to

malignant and further along the cancer progression continuum occurs at smaller

tumour sizes.

K E YWORD S

canine, malignant transformation, mammary tumour, neuter status, ovariectomy

1 | INTRODUCTION

Mammary tumours (MT) are the most common tumours in female

dogs.1–3 Endogenous sex hormones are widely accepted as risk fac-

tors for MT development4 rendering intact bitches more prone to

tumour development compared to neutered individuals.1,2,5 A study

published in the late 1960s by Schneider et al. laid the foundation for

a long-lasting dogma. According to their study juvenile neutering,

defined as ovariectomy prior to the first heat, almost completely

eliminated the risk of MT development and, while there was still some

reduction in the relative risk when the neutering was performed after

the first heat, adult neutering (after the second heat) no longer

influenced the relative risk of tumour development compared to intact

bitches. They additionally noted, that patients being neutered after

the second oestrous cycle but before 2.5 years in age still experienced

a protective effect, compared to patients neutered later in life.6 As a

result, juvenile (pre-puberty) neutering became common practice in

the United States and in other parts of the world, and is still
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recommended for the prevention of mammary cancer.7–9 However, the

scientific basis of this practice has been questioned10 and the influence

of the timing of neutering has been discussed intensively over the

years.6,10–16 Recent prospective studies indicated that hormonal depri-

vation by neutering, even when performed later in life, was protective

regarding the development of new MTs.17,18 However, samples size

was small in both publications and potential tumour progression from

benign to malignant in canine mammary cancer was not evaluated.19

While juvenile neutering undoubtedly reduces mammary cancer

risk, it has also been associated with an increased risk of developing

other tumours such as lymphoma, haemangiosarcoma and

osteosarcoma,9 in addition to non-neoplastic gynaecological and

behavioural conditions.20–22 A US-study analysing neuter status and

life span in >40 000 dogs discovered an increased life expectancy of

26.3% for neutered females, but also an increased risk of death cau-

sed by neoplasia.23 Therefore, the discussion about balancing the gen-

eral advantages and disadvantages of elective hormonal ablation in

female dogs remains pertinent.24

In 2009 Sorenmo et al. introduced the term ‘histological continuum’
in canine mammary tumorigenesis. In a cohort of 90 intact bitches they

demonstrated a histological continuum from benign to malignant with

increasing size of the tumour. According to their theory small tumours

are predominantly benign and the proportion of malignant tumours

increases with increasing tumour size due to a malignant transformation

within the macroscopic tumour.19 This hypothesis was confirmed in a

much larger patient population by our group, but our data not only

supported the concept of a histologic continuum from benign to malig-

nant but also suggested a further progression from lower to higher malig-

nant tumour subtypes with increasing tumour size.25 Recently,

transcriptomic studies along the continuum of cancer progression in the

canine mammary gland, from healthy to early malignant and finally inva-

sive carcinoma, were described and compared to the situation in humans,

further supporting this observation.26

We hypothesised that neuter status also had an influence on the

before mentioned histological continuum. The first objective of this

study was to compare a population of MT bearing dogs to a large con-

trol population of bitches without MTs. A second objective was to

analyse prevalence, number and types of MTs as well as to examine

the effect of neutering on the prevalence and type of mammary

neoplasia and the occurrence of simultaneous tumours. A third objec-

tive of the study was to evaluate the effects of neuter status on the

degree of malignancy of the tumour in relation to its size, following

the hypothesis of a histological continuum in canine MTs.

2 | MATERIALS AND METHODS

Data of 625 privately owned female dogs which had been treated sur-

gically for one or more MTs at the Small Animal Clinic Hofheim, Ger-

many from January 2006 to December 2016 were retrospectively

analysed. The same cohort of dogs had been used in an earlier publica-

tion in 2020 to find support for the concept of a histologic continuum

as described by Sorenmo et al.25 Females that had been neutered less

than 6 months prior to presentation were counted as intact as a reflec-

tion of the canine oestrus cycle. In addition to the histopathologic diag-

nosis, clinical information regarding the number, location and largest

diameter (measured on the live dog by using a calliper) of the MTs were

documented.

A large control population of altogether 31 078 female dogs that

had been presented to the Small Animal Clinic Hofheim, Germany dur-

ing the same time period without any MT claims was available for

analysis. In regards to the age at neutering, both a comparison with

the entire group, and with two age categories of the controls was per-

formed (neutering at <1 year and <2 years). For comparison of other

demographic aspects, only patients ≥4 years of age in the control pop-

ulation with complete information on breed and weight were chosen,

as this age group was considered at risk for MT manifestation.

Histological examinations of the excised MTs were carried out by

a veterinary pathology laboratory led by a board-certified pathologist.

Tumour diagnoses were based on the established classification sys-

tems by Misdorp27 and Goldschmidt et al.28 Histologic tumour types

and assessment of lymphatic invasion was taken from the histopatho-

logical reports.

The different malignant subtypes of mammary carcinomas were

then grouped into four categories (see Table 1) according to their

increasing degree of malignancy: complex and simple carcinoma types,

solid carcinoma and anaplastic/inflammatory carcinoma/ tumours

with (lymphatic) invasion.25

TABLE 1 Degrees of malignancy and histological subgroups of canine MT included in subgroup specific analysisa

Degree of malignancy Tumour subtypes n tumours % of all malignant tumours

I Complex carcinoma, in situ carcinoma 149 28.4

II Simple carcinoma (incl. tubulopapillary/papillary/

cystic/ductal/mucinous types)

197 37.5

III Solid carcinoma 56 10.7

IV Anaplastic, inflammatory, invasive carcinoma, tumours

with lymphatic invasion (lymphangiosis

carcinomatosa)

123 23.4

Total 525 100

Abbreviation: MT, mammary tumour.
aFollowing the scheme proposed by Schmidt and Kessler29 and used in a previous publication.25

GEDON ET AL. 477
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If a nodule contained different entities or subtypes, the mass was

assigned to the most malignant subtype represented. All subtypes of

benign tumours were grouped together as one group (“benign
neoplasia”).

Statistical analyses were performed using the commercially avail-

able statistical software package BMDP/Dynamic, Release 8.1.30 The

Chi-squared test was calculated to identify an association between

neuter status and specific age groups, tumour malignancy and size. A

t test was used to determine an association between neuter status,

malignancy and mean tumour size. Furthermore, the exact Wilcoxon-

Mann-Whitney test was used to determine whether there was an

association between neuter status and the degree of malignancy. The

Spearman rank correlation coefficient was calculated to identify a cor-

relation between tumour size and different subtypes in correlation to

neuter status. Statistical significance was defined as p < .05.

3 | CELL LINE VALIDATION STATEMENT:

No cell lines were used in the current study.

4 | RESULTS

4.1 | Study population and comparison with the
control population

The 625 female dogs presented with a total of 1459 MTs. Data on

demographics has already been published in an earlier manuscript25

and are only added for completeness of information in Table 2. Data

on time of neutering was available for 43 of the 123 neutered MT

bearing dogs: 2 patients were neutered at the age of 2 years and

younger and another 2 patients at 3 years of age. Thirty-nine patients

were neutered between 4 and 14 years of age.

Data of a total of 31 078 female dogs was available as control

population and for description of neuter status: Intact and neutered

females made up 49.0% (n = 15 222) and 51.0% (n = 15 856), respec-

tively. Patients less than 1 year of age (n = 3718) were intact in 89.4%

(n = 3323) and only 10.6% (n = 395) had been spayed before or after

the first oestrous cycle. At 2 years of age 20.2% of the population

(n = 6578) had been spayed whereas 79.8% were still intact, demon-

strating a low rate of neutering before adulthood in the general dog

population in Germany. For further statistical comparison with the MT

bearing dogs, only dogs in the age risk group for MTs (≥4 years;

n = 19 968, Table 2) were used: in this group 38.2% of the bitches

were intact and 61.8% were neutered. Mean age at first visit was 8.9

± 3.0 years and mean body weight was 22.3 kg (range 1.0–90.0 kg).

A significant difference in the distribution between neutered and

intact bitches was found between the MT patients and the control

population. In the control population ≥4 years of age only 38.2% were

intact, compared to 80.3% of the dogs with MTs: MT were more than

6.5 times more likely to occur in intact dogs, than in neutered dogs

(OR: 6.6036, 95% CI: 5.406–8.0596, p < .0001).

4.2 | Characteristics and number of the tumours

60.2% (n = 879) of the 1459 MTs were benign and 39.8% (n = 580)

were malignant. Five hundred and twenty-five of the malignant

tumours could be grouped into the aforementioned four malignancy

categories (Table 1). An exclusion from subgroup-specific analysis was

necessary for 55 cases, as they could not be assigned to any of the

subgroups.

In 285 patients (=45.6%) only a single MT was present, 340 patients

(=54.4%) had two or multiple (up to 12) tumours. Taking the neuter sta-

tus into account (Table 3), only 40.7% of the spayed patients had multiple

MTs (n = 50), whereas 57.8% of the intact dogs had more than one

tumour (p = .0006, OR: 1.9972, 95% CI: 1.3374–2.9825). Eight or more

concurrent MTs were only seen in intact patients.

4.3 | Association between tumour characteristics
and neuter status

In intact dogs the majority (62.8%) of the tumours were benign,

whereas in spayed dogs only 45.9% were benign (Table 4; Pearson

TABLE 2 Characteristics of MT
patients (n = 625) and control population
(n = 19 968)

MT patients Control population

Mean age at diagnosis 9.7 ± 2.5 years 8.9 ± 3.0 years

Neuter status

Intact 502 (=80.3%) 7626 (=38.2%)

Neutered 123 (=19.7%) 12 339 (=61.8%)

Breeda

Pure breed 474 (=75.8%) 13 567 (=67.9%)

Mixed breed 149 (=23.8%) 6401 (=32.1%)

Mean weight (range)b 21.0 kg (1.4–67.5 kg) 22.3 kg (1.0–90.0 kg)

Abbreviation: MT, mammary tumour.
aBreed information was not available for two MT bearing dogs.
bFor three MT patients, no weight had been documented in the records.
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ChiSquare: 22.236). Intact dogs were almost twice as likely to have a

benign MT compared to their neutered counterparts (OR: 1.9884;

95% CI: 1.4892–2.6550; p < .0001).

Mean tumour sizes associated with malignancy had been publi-

shed in a previous publication25 and are only added for completeness

of data: Malignant tumours had a significantly larger mean tumour size

compared to benign tumours (1.94 cm vs. 0.90 cm, respectively;

p ≤ .0001). This could also be demonstrated in intact dogs (mean

tumour size of malignant tumours: 1.90 cm (SD: 2.51 cm) compared

to a mean tumour size of 0.91 cm (SD: 1.23 cm) of benign tumours;

p ≤ .0001) and their neutered counterparts (malignant tumours:

2.13 cm [SD: 2.24 cm] vs. benign tumours: 0.85 cm [SD: 0.90 cm];

p ≤ .0001). There was no significant difference in mean tumour sizes

for benign or malignant tumours in association to neuter status

(p = .351 vs. p = .369; respectively). Mean MT size in intact dogs

(=1.27 cm (SD: 1.88 cm) was not significantly different to mean

tumour size in neutered dogs (=1.54 cm [SD: 1.87 cm]), despite a

numerically larger mean tumour size (p = .053).

A strong association between tumour size, malignancy and neuter

status could be demonstrated (Table 5). Tumours <1 cm were malig-

nant in only 29.1% of the intact but malignant in 43.2% of the

neutered patients. Small MTs (<1 cm) were almost twice more likely

to be malignant in neutered females than in intact females. (OR:

1.8576; 95% CI: 1.2491–2.7625; p = .0022). Tumours ≥2 cm were

malignant in 62.0% of the intact, compared to 86.9% of the neutered

patients. MTs ≥2 were four times more likely to be malignant in

neutered patients compared to their intact counterparts (OR: 4.0536;

95% CI: 1.8453–8.9040; p = .0005). In both, intact and neutered

patients, a positive correlation between increasing tumour size and a

TABLE 3 Single versus multiple MT
in intact and neutered female dogs

Number of tumours Number of patients (n)

Intact Neutered

n % n %

1 285 212 42.2 73 59.3

2 132 104 20.7 28 22.8

3 91 82 16.3 9 7.3

4 47 41 8.2 6 4.9

5 30 25 5.0 5 4.1

6 15 14 2.8 1 0.8

7 11 10 2.0 1 0.8

8 4 4 0.8

9 4 4 0.8

10 4 4 0.8

11 0

12 2 2 0.4

Total 625 502 100 123 100

Abbreviation: MT, mammary tumour.

TABLE 4 Neuter status and MT malignancy

Neuter status

Benign MT Malignant MT

n % n %

Intact 778 62.8 461 37.2

Neutered 101 45.9 119 54.1

Total 879 580

Note: Pearson chi-square: 22.236; p < .0001.

Abbreviation: MT, mammary tumour.

TABLE 5 Tumour size, malignancy
and neuter status

T categorya Tumour size (cm)

Intact Neutered

Benign Malignant Benign Malignant

n % n % n % n %

T1 <1 532 70.9 218 29.1 67 56.8 51 43.2

≥1 to <2 153 62.7 91 37.3 26 63.4 15 36.6

≥2 to <3 49 50.0 49 50.0 3 21.4 11 78.6

T2 ≥3 to <5 26 31.7 56 68.3 3 10.3 26 89.7

T3 ≥ 5 18 27.7 47 72.3 2 11.1 16 88.9

aT-category according to the modified TNM staging system.31
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change from benign to malignant histology was confirmed (rs = .259;

p < .0001 and rs = .278; p < .0001, respectively).

When evaluating the degree of malignancy of the MT between

neutered and intact individuals a significant difference could be

detected (Table 6; p < .0001). Tumours of advanced malignancy were

approximately twice as common in neutered patients compared to

intact dogs; for example, 15% of the MT in neutered dogs were ana-

plastic carcinomas compared to 7.6% in intact dogs (OR: 2.1234, 95%

CI: 1.3782—3.2717; p = .0006). In addition, a positive correlation

between increasing tumour size and increasingly malignant phenotype

could be identified in intact (rs = .179; p = .0003) and spayed

(rs = .217; p = .021) patients.

5 | DISCUSSION

MTs are a common finding in female canine patients. This retrospec-

tive study draws a comparison between a large MT population to a

control population of non-MT-bearing dogs in Germany. Our data

support the hypothesis that neutering in adulthood is still a valuable

tool in decreasing the risk for MT development in general but also to

reduce the risk of tumour multiplicity. In addition, this study demon-

strated a significant correlation between the neuter status of the

bitch, the size and degree of malignancy of canine MTs. The results of

our study are of considerable clinical relevance and are therefore a

valuable addition to the veterinary literature.

There are numerous studies on the demographics (breed, age and

weight distribution) of dogs with MTs, but in most cases, these do not

relate their data to the overall canine population of the respective

country.3,14,19,32,33 However, in order to evaluate the characteristics

of a tumour bearing population it should be compared to the general

canine population of the country during the same observation period.

Census data on the total population of canines in a given country or

region are frequently not available, therefore it is usually necessary to

choose a representative control population which most closely resem-

bles the true canine population demographics. For control

populations, many studies have selected the general hospital popula-

tion. As the hospital population of a clinic may vary depending on the

specialties of the clinic, as well as regional breed or dog size

favourites, some studies have preferred using the data of the insured

pet population as a control population for epidemiologic studies.34

Lately, meta-data such as Vetcompass (a collaborative data service

originally developed at the Royal Veterinary College [RVC],

United Kingdom which collects and aggregates clinical records) have

been used for research.35,36 In the present study, a control population

comprising the general hospital population of females that had been

presented for issues other than MTs during the same time period was

selected since meta-data sets such as Vetcompass are unavailable in

Germany. In a prior study in which the hospital population was com-

pared to a control population of over 100 000 dogs based on insur-

ance company data in Germany, only marginal differences between

both control groups were found,37 making this population a useful

control group. For our comparison with the control population, only

patients ≥4 years of age were chosen, as this age group was consid-

ered at risk for MT manifestation. However, for future studies, exact

age matching should be conducted to prevent confounding.

The percentage of neutered dogs in the general canine population

in Germany is largely unknown. In the United States and some other

countries, the majority of canine bitches is neutered, with many ovari-

ectomies performed early in life or even pre-puberty.9,38–42 For

Germany, large scale studies concerning the overall percentage of

neutered bitches and the rate of early gonadectomy are unavailable.

Based on the data presented almost 62% of the female canine popula-

tion ≥4 years of age has been spayed. However, early gonadectomy is

not a typical procedure in Germany with only 10.6% dogs in the con-

trol group spayed earlier than 1 year of age. Even though data on time

of neutering was only available for about 1/3 of the MT bearing popu-

lation, 90% (=39/43) of dogs was 4 years and older at the time of

neutering, also suggesting a rather late gonadectomy in the MT bear-

ing population.

A recent French study analysing the prevalence of reproductive

disorders including MT in female dogs, found similar results with only

8.3% of the patients being neutered before 2 years of age.43

The predisposition of intact dogs for the development of MTs

has been described by various authors,1,12–14,32,44 but many authors

believe that the risk of MT development is not significantly

decreased when hormonal ablation is performed in adulthood. From

the presented data, however, one can assume a low rate of pre-

puberty gonadectomy in Germany. Therefore, potential influences

of juvenile or early neutering on MT development can be largely

excluded in our MT population. When comparing the MT group with

the controls ≥4 years of age (which can be considered the age group

at risk for MT manifestation), a significant overrepresentation of

intact dogs in the tumour population was documented making intact

bitches >6.5 times more likely to develop a MT compared to their

neutered counterparts. These observations suggest that even a

gonadectomy later in life still significantly decreases the risk of

developing MTs.

TABLE 6 Neuter status and degree
of malignancy in canine MT (n = 1404)

Neuter status Benign Degree I Degree II Degree III Degree IV

Intact n

%

778

65.4

128

10.8

150

12.6

43

3.6

91

7.6

Neutered n

%

101

47.2

21

9.8

47

22.0

13

6.1

32

15.0

Note: Wilcoxon Mann-Whitney two-sided p value p < .0001.

Abbreviation: MT, mammary tumour.
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The occurrence of several or multiple simultaneous MTs in dogs

has been reported to range from 23% to 70%.19,45–47 The general

influence of sexual hormones on the mammary tissue, but also local

effects or a field effect, may play a role in tumour multiplicity.48 In a

recent study statistical calculations suggested the presence of a bio-

logical relationship between simultaneously occurring tumours in the

canine mammary chain.47 A German study demonstrated a highly sig-

nificant relationship between the malignancy of MTs occurring in

adjacent mammary complexes in the same mammary chain but not

between tumours originating from the corresponding complex on the

contralateral chain, suggesting an influence of autocrine, non-

hormonal or genetic factors in tumour multiplicity or local metastatic

spread from a primary tumour, for example, via the lymphatic system

of the mammary gland.49 In previous studies the effects of gonadec-

tomy on the prevalence and types of tumours in mammary cancer

multiplicity had not been thoroughly investigated. In the study by

Gunnes et al.,47 23% of 213 dogs with MT had more than one tumour

simultaneously and 80% of the dogs with multiple MTs were intact. In

the aforementioned German study more than 50% of intact females

with radical mastectomies had more than one tumour.49 This is con-

sistent with the results of the current study, in which more than 50%

of all patients had multiple tumours, with multiplicity occurring signifi-

cantly more common in intact versus neutered dogs (57.8% vs. 40.7%;

Table 3). While other effects may also play a role in the simultaneous

occurrence of MT, these results suggest that sex-hormone driven car-

cinogenesis is a major determinant and gonadectomy at any time sig-

nificantly reduces the risk of tumour multiplicity.

In the present study, there was a significant difference (Table 4;

p < .0001) between intact and neutered patients regarding the malig-

nancy of the mammary masses: MT in intact patients were malignant

in only about one third of the cases (=37.2%), compared to more than

half of the cases (=54.1%) in neutered dogs. It is noteworthy that in

the current study spayed patients had significantly more tumours of

advanced malignancy (Table 6; p < .0001). So, while reducing the

overall risk for MT development, hormonal ablation at any time in life

appears to lead to a higher frequency of higher malignant tumour sub-

types and could therefore contribute to a poorer prognosis of

neutered bitches with MTs. The same observation was reported in a

previous study, which in multivariate analysis confirmed spay status

as an independent negative prognostic variable. According to that

study, spayed females experienced a 4.5 times higher hazard of recur-

rence or metastasis compared to intact females and had an overall

poorer survival time.50 In humans, the effect of surgical hormonal

ablation in reducing breast cancer risk was already demonstrated in

the 1960s.51,52 Significant differences in the characteristics of breast

cancer in pre- and postmenopausal women and thus the influence of

cycling ovarian hormones on breast cancer development has sparked

a discussion whether the development of mammary cancer in relation

to menopause has different aetiologies and may actually represent

two different diseases.53 It has been demonstrated that mammary

cancer in premenopausal women has (among other features associ-

ated with malignancy) a higher expression of sexual hormone recep-

tors (HR).54 The expression of HR in canine MTs has been widely

discussed in the last years, and a more recent study55 confirmed the

results of older publications, suggesting an overall lower HR expres-

sion in mammary carcinomas compared to benign lesions.56–58 The

HR expression decreases even further with higher degrees of

malignancy,55,56 which also associates with a higher risk for metasta-

ses.57 Interestingly it has been shown that HR expression is not only

significantly decreased in malignant MTs of ovariectomised compared

to intact females,55 but it has also been hypothesised that ovariec-

tomy might lead to the development of HR-negative13 (and therefore

possibly more malignant) tumours. This supports our findings, that

spayed dogs compared to their intact counterparts have significantly

more malignant MT and among them significantly more aggressive

subtypes.

Previous studies not only demonstrated an association between

decreased HR expression and tumour size,33,55–57 but also between

tumour size and malignancy, confirming the role of tumour diameter

as predictor of MT behaviour.19,25,33,50 In the present study, an asso-

ciation between tumour size and neuter status was also demon-

strated. Since in a neutered dog the mammary chain does not show

any parenchymal changes throughout the year it may be possible that

a mammary nodule might attract an owner's attention earlier and thus

at a smaller size. However, in spayed bitches 87% of the MTs ≥2 cm

were malignant, compared to 62% in intact bitches (Table 5). A posi-

tive correlation between size and malignancy could be demonstrated

for both, intact and neutered patients. Sorenmo et al.19 demonstrated

a histological continuum from benign to malignant in a rather small

study group of intact canines (n = 90). Our results suggest that this

progression occurs even at smaller tumour sizes in hormonally-

deprived patients which could explain the higher percentage of malig-

nant tumours in neutered dogs. Oestrogen has been accepted as a

main hormone in mammary tumorigenesis in women and dogs.59–61

Besides a promoting effect on MT development in general, we sug-

gest that there may also be a protective effect in regards to the malig-

nant progression in the histologic continuum via non-receptor60 or

immunoregulatory mechanisms.62,63

The effect of sexual hormone deprivation on the histologic con-

tinuum of canine MTs is further supported by the observation that in

the current study highly malignant subtypes of carcinomas represen-

ted 15% of the MT found in spayed compared to only 7.6% in intact

dogs. Similar observations were made in another study where spayed

females were overrepresented by 70% in a group of patients with

inflammatory mammary carcinomas.64

As mammary tumorigenesis is a multifactorial process, other fac-

tors as obesity65 or breed predisposition66 might be contributing to

malignancy. In our previously published paper on the same population

of MT-bearing, body weight was not associated with malignancy,25

however body condition score had not been documented or analysed.

Further prospective studies are warranted to elucidate co-factors of

tumourigenesis.

The currently most used Malignant Tumours (TNM) staging sys-

tem for canine MTs is the modified staging system by Rutteman,

Withrow31 which is based on the old classification system published

by Owen.67 In this system, T-categories are simply based on tumour
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diameter, with tumours <3 cm in diameter classified as T1, tumours

3–5 cm as T2 and >5 cm as T3. Based on our findings the proportion

of highly malignant subtypes at different tumour diameters is different

in intact and spayed bitches (cf. Table 5). Also, the positive correlation

between increasing tumour size and increasing malignant phenotype

was slightly stronger in spayed patients (rs = .217; p = .021) compared

to intact ones (rs = .179; p = .0003). It may therefore be worthwhile

for future updates of the TNM system to consider different diameter

increments for the T-categories based on the neuter status of the

patient to account for these differences.

MTs are most common in intact females and neutering signifi-

cantly reduces the risk for the development of single or multiple MTs.

However, in spayed dogs, mammary nodules are more likely to be

malignant and of a higher malignant subtype. Small mammary masses

in neutered females should not be presumed to be benign.
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