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Mammary tumors are the most frequent neoplasia in female dogs. They develop spontaneous cancer and share
several biological, clinical, pathological and molecular characteristics with cancer diagnosed in humans. Mammary

cancer is also one of the leading causes of death in both species.

mammary cancer canine dog breast cancer animal model comparative oncology

| 1. Introduction

Cancer is a heterogeneous group of diseases characterized by an uncontrolled proliferation of abnormal cells that
can spread to the surrounding tissues. It is one of the most common causes of death in humans and dogs. In
humans, around 10 million cancer-related deaths are reported and 19.3 million new cases are diagnosed annually,
while in dogs, 4 million new cancer cases are diagnosed every year W&l Cancer is the first cause of death in
dogs over 10 years of age, with 50% of them developing this disease and one in four dying because of cancer .
Canines develop spontaneous cancer and share several biological, clinical, pathological and molecular features
with humans BB, Mammary tumors, affecting numerous mammal species, are the most common neoplasia
diagnosed in female dogs and women, and they are considered to be a major problem in public health Bl. Gaining
insight into the presentation and progression of breast cancer across different species will help us to better

understand the pathogenesis of this complex disease 1.

| 2. Canine Mammary Tumors

Canine mammary tumors are an overly frequent condition in comparison to other types of cancer; they represent
50-70% of all neoplasia diagnosed in non-spayed female dogs, mainly affecting canines over 7 years of age. They
appear as nodules of different sizes and are usually well-defined. The treatment regimen and prognosis of the
patient can be established according to the physical characteristics, location, histological and molecular
classification of the tumor. The incidence of canine mammary tumors varies depending on the geographic location
of the study, and it is also affected by the age, hormonal exposition, breed and molecular features of the female

dog, among other factors.

2.1. Epidemiological Features

2.1.1. Incidence and Distribution
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Information on the incidence of canine mammary tumors worldwide is very limited and only available for a few
countries in Europe and North America. In Table 1, the incidence rate expressed per 100,000 and 10,000 dogs per
year is shown, and in the text below there is additional epidemiological information. As seen in Table 1, the
incidence of canine mammary tumors varies in every country and over time. This variation can be attributed to
several factors, with spaying culture being one of them. Spaying is usually performed as a canine population
control measure. However, castration at early ages also prevents mammary tumor development in the female dog
¥ since estrogens and progesterone produced by the ovaries are mitogens for the mammary epithelium and can

stimulate duct and lobe proliferation and growth 29,

Table 1. Canine mammary cancer epidemiology.

Country (City/State) Incidence Year [Reference]
ltaly 193 per 100,000 2001-2008 (24
Italy (Venice) 250 per 100,000 2005-2013 12
Sweden 111 per 10,000 1995-2002 13!
United Kingdom 205 per 100,000 1997-1998 [14]
ltaly (Genoa) 181.8 per 100,000 2000-2002 (13!
Iltaly (Genoa) 196.6 per 100,00 1995-1999 (131
Italy (Genoa) 264 per 100,000 1990-1994 [13]
Italy (Genoa) 119.2 per 100,000 1985-1989 (131
USA (California) 145 per 100,000 1963-1968 (L8]

RbfeFdigtogy and Risk Factors

Thesetittitnaal gaDineBMeaIMNY CuAiTRIRatisaentdiogydarsmaddbgeyed sithérrbpieciamears tergeht ancer,
its dgysinrmentadwratehhrdoPlNes JENats, RittieoaRiisingsinpens! BrmroBilEY2Y. Some of these

factors are shown in Figure 1. Most malignant mammary tumors develop in middle-aged (57 years of age) and

2. Gardner, H.L.; Fenger, J.M.; London, C.A. Dogs as a Model for Cancer. Annu. Rev. Anim. Blos[gj

eldercl}/ (67—8 years of agej female dogs, with the mediail age of presentation ranging between 8 and 10 years 2/21]
2016, 4, 199-222. . . . : .

(221 "in"addition, the risk of developing mammary tumors increases with the delay in spaying BI[18l23] Non-spayed

Bmalengndd . afeestayud tinde gedakRilrisk aveesanpihgvihaboriip akarurhpalehal thos B Epyty &d Giodral two
yedasterfeFAAtistics 2020: GLOBOCAN Estimates of Incidence and Mortality Worldwide for 36
Cancers in 185 Countries. CA Cancer J. Clin. 2021, 71, 209-249.

bitogens of mammary epithelium, duct development and

4. Davis, B.W.; Ostrander, E.A. Domestic Dogk and Cancer RE&EE*K*Breed-Based Genomics

ApproaCh- ILAR J. 2014, 55, 59_6@.,-,0““ Estrogen stimulatescell proliferation, direct genotoxic effect
l‘ Hormanal and aneuploidy induction
Progesterone
Progesterone increases GH production, IGF1, promotes
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car‘\iﬁﬁ% AS H%g éiCBPéoa%% rllss 2'8%7 néeéir%é)iogesterone acetate, promote similar effects to endogenous

progesterone in the mammary glands [30]131],
9. Kustritz, M.V.R. Population Control in Small Animals. Vet. Clin. North Am. Small Anim. Pract.

EstRidfb8s 4Bn7@bmbB2.a pro-carcinogenic effect through inhibition of apoptosis and induce genetic/epigenetic

1PBEER SR O Iate e B PSR SR BRI AR Lt R PSPE S S hRraferavion and dbiGrenyiatian =
EStESggrt]r_(i)nl%%)qc?ee!l lgreogr%r&tiwoirrﬁcerggs&% itrr#? %id&nﬁ%'oé f&ggtieclglhe-rations. In addition, metabolites derived
from the oxidative metabolism of estradiol can cause direct genotoxic effects 221281 High levels of steroidal
HorBoi, feveS6aBR IdtintHe Y IRCEEInMdre: e RAliGRNMisRRZFEHBmEle 38820AI0. MiidResialtnéts in
conRRISHRI 1o in¥RUIRHR. Henidhl imdrStisnghegicgning caneriNciigRREs RiBdingsdamyaRrRURERRs,
stinRASE MBpUitsgiRinbitdRrdswestern Italy. BMC Vet. Res. 2017, 13, 203.

12. Vascellari, M.; Capello, K.; Carminato, A.; Zanardello, C.; Baioni, E.; Mutinelli, F. Incidence of

At the cellular level. obesit ‘inflammation of the adipose tissue with activatin of hages, that prad
R I e i S A S s et et R N S S e S

S AR S o Rl AR PSSP SalfELs S L alia8d A e pigreee ke leptn
adiponectin, resistin and aromatase. This can lead to increased cell proliferation, inhibit apoptosis and induce
IehdregRRual, Bu; BognsitorB Mipb2aagee BN cbidd@AasnanaA. biom ElRindht Wide seselsid
horftYdahaligh esnoyans WagEs ieh @ ARH 1 aHER iRV PLARARY RshrddfnaefaayihswedaBgens
car R 18I IR 026 Pravry/e MeHmARPRs &2 tH08stledbns 132, In fact, one study found that aromatase

1HPFSSEEN INFTERSESh iR Y eaveigiisisiala. ARG Yh KNaRBBl, F1 T NoMan /! nBBIRLER Rk ipRact its
ProgregrpRda IR AR He iR KR 388 [ftion of insured dogs. J. Small Anim. Pract. 2002, 43,

240-246.
Breed is another factor that can influence the incidence of mammary tumors in dogs. Several studies have shown a

1RghdeTiRidencBRasplirk biREHS B NCinhixe® BRIeM: HortlelinRrtis fABMERNSus BraliRich-breaflRESR the
highesSesStitg, devdepatnamBhd! radisaradngidence indish Dogss GiBMYaRpiibR 4 BIMAL T3evGaphical
loc&RBHISHP T Ee P8, Hidd¥s Ia \Rlay &R eadn Z)YaB, idén@iEerR&Hhevers, flushing dogs and water dogs as

16° SEafsiueh RNEMNHSIFEBRES AT impi&dence rates in human and canine breast cancer.

Cancer 1970, 26, 419-426. o
2.2. Histological and Molecular Classification

17. Queiroga, F.L.; Raposo, T.; Carvalho, M.; Prada, J.; Pires, |. Canine mammary tumours as a
model to study human breast cancer: Most recent findings. In Vivo 2011, 25, 455—-465.
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"rRAEISATEy FUERSTIS MR ALY, FBEDORE TS ST ES, 1154 p3fen of ephell and
myoepithelial tissue (benign mixed tumors or carcinosarcoma). Mesenchymal tumors and tumors with
23y EeattiidN ceF BRAMS Db C arS aBLRERA M c R4 URlikk - #h WRHRAONAER- iy a8 Hardrpidemirigaisal 4
s8lisdudy of canine mammary tumors: Age, breed, size and malignancy. Austral J. Vet. Sci. 2018, 50,

143-147.

2 S R B8R, R oP B R e By o iy SRR BB RIRL B dymenati and
P R B SR O ST AT INCS. N8 ESnE TP E8g8, 43, ey melonant
mammary tumors 2. The histological grading system in canine mammary carcinoma consists of quantifying

24 d3siEoaRule korPAIST-MIRERMil) avilNGe & pIESAGphishopes, C.S.; lllera, J.C. Crosstalk
between GH/IGF-I axis and steroid hormones (progesterone, 173-estradiol) in canine mammary

Thdusnoursf. dll SkeromdiBihehemuddotdiiohi2@08,d Hist@6g83aL grade of the malignancy (grade) 9. The
P 9(‘?“?'@_&*1}&5‘38{‘?@]‘?[3%“_2&]‘3{[_3]8 0 Ry e e IS0 B oreaaP SRRy Ll 3iRBis LR ™
NPT YOG D2, 89-96.

26. ormes, Gr&astltcanagatundrs Greizld&sifiedniomwoaliearcegdaresibiyp&animeindammarinGlaBCcelER-2—
(epMeatealirnMe chanistnseghiistyadiallave vERi2 - Mabgleant Pygogres gotwr Anpusilis)ORERL2 , £508riple-
FPENC I FIRYR 12 SRIRGIRD L 2iRRei RO RIE, 52 91k ope s ferdpe gl A
SRS BB R R RS S S BB E R My Bland Pimars Vit Badi® 2015 55 21450
conﬂsigied an important tumor marker and is expressed in 30—35% of the canine mammary tumors (2011341 "y

canine mammary cancer, multiple studies have been conducted using the same panel of markers; however, the

28 sHinBrALIURAERNe 4R e RAIRTNIBEs g NB—IEHCS HaldHBRANRRNA GARINE Sh AN BEIRRIS IBGhRIBIGB Ly 145!
1461 analysis of PCNA, Bcl-2, p53, cytokeratin and ER in mammary tumours. Res. Vet. Sci. 2006, 81,

218-224.

.3, Carci esis . . N : . : :
2%.%/eronespﬁlgeé1attocchlo, M.; Rizzi, C.; Sironi, G. Relationship between dysplastic and neoplastic

ThaNATEP AR IRSHARH ARA RS CHABBEEI AR B RIS mY Gk (ReSwf- e Rter 0 UdnL e 4P atitbbuytes,

IR0 [MNAL-SSSUEAY STReMER), salls Grattirmast amhafdotheigl cadpoinMrarnsIdtegene celisvise pukocyte
andIRMECPRPELSAOA PRHTIRQ QS GRl dtjRAYiFiSIRa Gy BaRi AEC iR MRS anfieRRadies dnrl SpfikaR Lk mor
proﬁﬁ%ﬁﬁfa@%ors. J. Physiol. Pharmacol. Off. J. Pol. Physiol. Soc. 2009, 60 (Suppl. 1), 735-784.
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26.

Cancer stem cells are subpopulations of tumor cells that are mainly characterized by their capacity for self-renewal
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rgyle, D. Naturally-Occurring Canine Mdmmary Tumors as a Translational Model for Human

Breasf Cancer. Front. Oncal. ’4;1020, 10,617, . . .
Another element that participates in the process of carcinogenesis is cancer-associated fibroblasts (CAFs). These
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39. Kim, T.-M.; Yang, |.S.; Seung, B.-J.; Lee, S.; Kim, D.; Ha, Y.-J.; Seo, M.-K.; Kim, K.-K.; Kim, H.S.;
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48. Carvalho, M.1.; Raposo, T.P.; Silva-Carvalho, R.; Pires, |.; Prada, J.; Gregério, H.; Queiroga, F.L.
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addition, in some cases, it can be curative. This is especially the case for benign tumors, malignant low histological

grade tumors or patients in early stages, except for inflammatory carcinoma or metastatic tumors £,

Depending on the tumor size, location and number, surgery can be a simple mastectomy, regional mastectomy,
radical mastectomy or a combination of these procedures. In patients with large tumors, lymph node metastases or
unfavorable histopathological characteristics, local therapy is usually not effective and systemic treatment such as

chemotherapy or hormonal therapy is required 82188l

The lymphatic system is considered the main route of metastasis of canine mammary cancer. This is one of the
reasons why the lymph node and the glands associated with lymphatic drainage are also removed during surgical
excision of the mammary tumor. In healthy canines, the lymphatic vessels drain to the ipsilateral lymph nodes.
While there is no drainage to the contralateral lymph node or gland, this can be altered by the presence of a

mammary neoplasm (299

Chemotherapy as an adjuvant or palliative therapy, or in cases of metastatic disease, is routinely used in women
with breast cancer and has been shown to improve survival (21, In veterinary medicine, several chemotherapeutic
protocols have been used in dogs with malignant mammary tumors. However, additional prospective studies are
required to verify their benefit in the survival of patients with mammary carcinoma . Chemotherapy is
recommended in patients at high risk of metastasis or recurrence characterized by regional lymph node
metastasis, large tumors (>3 cm) and aggressive histopathological diagnosis such as high histological grade,
vascular or lymphatic permeation 22, As there is limited information on the efficacy of chemotherapy in canine
patients with mammary cancer, a more in-depth assessment, including randomized controlled trials, is needed to

establish guidelines for its use.

| 3. Conclusions

Mammary cancer is one of the most frequently diagnosed malignant neoplasms in canines, and it is the most
frequent tumor in non-spayed female dogs. Similarities and differences have been demonstrated between
mammary cancer in women and canines at the molecular level. These could serve as a basis for a better
understanding of mammary cancer pathology, the development of new therapies and diagnostic tools, the
establishment of classifications and meeting the concept of the One Health approach for the benefit of both
species. However, epidemiological information in canines is limited, as few countries (and cities) have managed to
properly document the clinical, pathological and epidemiological characteristics of mammary cancer in canines.
Promoting the publication of research into different aspects of mammary cancer, establishing a collaborative
network between different countries and determining the characteristics of dog populations will favor a better
understanding of the disease. In addition, both surgical and chemotherapeutic procedures need to be standardized

to improve response rates and survival of mammary cancer patients.
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