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Review

In the intact adult female dog, spontaneous mammary tumors 
are the most common neoplasm, with malignant tumors 
accounting for up to 50% of cases.10 Mammary tumors consti-
tute approximately 17% of all feline neoplasms, with malig-
nancies comprising up to 80% to 90%.21 Thus, canine mammary 
tumors (CMTs) and feline mammary tumors (FMTs) have been 
the focus of intense research by veterinary oncologists and 
pathologists for decades. Both dogs and cats have been pro-
posed as potential spontaneous animal models for human breast 
cancer (HBC) based on some clinical, pathological, and molec-
ular similarities between CMTs, FMTs, and HBC.2 Despite 
these similarities, there are some unique histologic features of 
canine and FMTs, and therefore, mammary tumors in these 
species are classified using species-specific histologic classifi-
cation systems.

There is no agreement in the veterinary literature as to 
whether the histologic term in situ should be used. In the 1974 
International Histological Classification of Tumours of 
Domestic Animals,28 the authors “do not feel sure enough to 
make the diagnosis of mammary carcinoma in situ, in either its 
ductal or its ductulolobular forms, in bitches and cats” and did 
not include the histotype in the classification system. Moreover, 
in the 199936 and 201126 histologic classifications for mam-
mary tumors, the term indicates a histopathological diagnosis 
of a specific entity (ie, an epithelial neoplasm—carcinoma in 
situ, CIS—with histological features of malignancy but with-
out invasion of the basement membrane [BM] of preexisting 

structures), while some other authors used the term to indicate 
a type of growth of any carcinoma (see below).1,16,17,41 More 
recently, the authors of the histologic classification system 
published by the Davis-Thompson Foundation (2019)72 include 
the term in situ, but suggest no longer using the histotype CIS 
given the lack of standardized histologic diagnostic criteria.
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Abstract
Carcinoma in situ of the breast is a well-known entity in humans. In veterinary medicine, particularly in canine and feline 
mammary literature, there is no agreement whether the term in situ should be used to indicate a specific carcinoma histotype 
or the noninvasive status of a carcinoma of any histotype. Moreover, in the most recent histologic classification of mammary 
tumors published by the Davis-Thompson Foundation, it is suggested to abandon the term carcinoma in situ given the lack 
of standardized criteria defining this entity, replacing it with epitheliosis or ductal/lobular hyperplasia with severe atypia. This 
publication presents a critical review of the term in situ in human and veterinary medicine considering the evolution of the 
term over the years and its heterogeneous use by different authors, including variations in immunohistochemical markers for 
classification. This review aims to point out the lack of uniformity in the nomenclature and classification issues in veterinary 
medicine regarding the use of the term in situ, laying the ground for a process of standardization in future publications.
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In addition, in any case, there is no standardization regard-
ing how to assess the in situ status.

Historically, CIS, as a distinct classification entity, was 
described in the veterinary literature in the second edition of 
the World Health Organization (WHO) Histologic 
Classification for canine and FMTs, published in 199936 and 
replacing the first edition of 1974.28 CIS was also maintained 
as a specific histotype in the 201126 proposal for the updated 
histologic classification of CMTs. In the 199936 and 201126 
classifications, the CIS histotype (ie, noninfiltrating) was used 
to designate a neoplastic lesion that was often multicentric, 
arise in preexisting ducts or lobules, and had morphologic fea-
tures of malignancy, such as loss of cell polarity and loss of 
normal architecture, but had not invaded the preexisting BM. 
The authors of the 1999 and 2011 classifications emphasized 
the difficulty in differentiating between CIS, lobular hyperpla-
sia with atypia, and atypical epitheliosis. In the most recent 
updated histologic classification system (2019)72 published by 
the Davis-Thompson Foundation, the authors suggested no 
longer using the histotype CIS given the lack of standardized 
histologic diagnostic criteria. The authors preferred terms such 
as epitheliosis or ductal/lobular hyperplasia with severe atypia 
to refer to those intraductal or intralobular lesions that do not 
form a nodule, do not exhibit sufficient malignant features to 
be classified as a malignancy, and have no apparent extension 
through the preexisting BM and no interruption of the periph-
eral layer of preexisting myoepithelial cells.72 Furthermore, 
the authors mentioned that immunohistochemistry (IHC) 
applied to identify a continuous layer of myoepithelial cells in 
an in situ type of growth can be misleading in veterinary spe-
cies, as these cells, especially in complex canine tumors, are 
not the original preexisting myoepithelial cells but a prolifera-
tion beneath the luminal epithelial cells, creating a new periph-
eral barrier.72

More recently, the term in situ has been used to describe a 
type of growth of any mammary carcinoma in dogs and cats, 
regardless of the histotype, especially by some authors focus-
ing on comparative aspects between mammary tumors of 
humans, cats, and dogs.1,16,17,41 In particular, a research 
group, attracted by the potential prognostic impact of recog-
nizing lesions restricted to their preexisting mammary ana-
tomic limits, has performed studies to investigate the 
usefulness of an in situ, noninvasive compared with an inva-
sive status, applied to any histotype, with the former status 
based on a continuous immunohistochemical layer of myo-
epithelial cells.1,16,17,41

To lay the groundwork for reaching a standardization and a 
consensus in the future regarding the use of the term in situ, the 
present publication aimed to review the use of the term “in 
situ” when referring to CMTs and FMTs in the veterinary lit-
erature and compare this with the HBC classification, mainly 
referring to the latest WHO classification of breast tumors 
(herein WHO Breast 2019).67

In Situ Human Breast Cancer

The term “in situ” is a Latin phrase that translates to “on-site” 
or “in its place.” In human breast pathology, this adjective, as 
described by Broders in 1932,8 refers to

a condition in which malignant epithelial cells and their progeny 
are found in or near positions occupied by their ancestors before 
the ancestors underwent malignant transformation. At least they 
have not migrated beyond the juncture of the epithelium and 
connective tissue or the so-called basement membrane. Such 
migration would be manifested by the cells entering the connective 
tissue.

In the modern era, and according to the WHO Breast 2019, this 
term is used as an antonym for an invasive epithelial neo-
plasm.67 The qualifier in situ has been assigned to some spe-
cific noninvasive histotypes of HBC: lobular carcinoma in situ 
(LCIS), ductal carcinoma in situ (DCIS) including the papillary 
subtype, and solid papillary CIS (Table 1).67

Generally speaking, and as reported by the WHO Breast 
2019, invasive carcinoma permeates the surrounding stroma 
and consequently disrupts the integrity of myoepithelial layers 
at their periphery; therefore, the term in situ should be accom-
panied by the lack of invasion of the surrounding stroma sug-
gested by regular contours and by the evidence of a peripheral, 
intact myoepithelial layer.67 However, the absence of a continu-
ous peripheral myoepithelial layer does not unequivocally rule 
out an in situ carcinoma. Indeed, some forms of noninvasive 
lesions such as solid papillary carcinoma might not retain a 
myoepithelial lining.32,67 Solid papillary carcinoma is a bio-
logically indolent tumor diagnosed when the nodules have 
rounded, well-circumscribed contours and a distribution pat-
tern consistent with an in situ process.32 In this specific entity, 
the absence of detectable myoepithelial cells at the tumor-stro-
mal interface does not necessarily indicate stromal invasion, 
and therefore, investigation of myoepithelial cells is not con-
sidered mandatory.32,42,55

IHC for myoepithelial cell markers, such as calponin, 
smooth muscle actin (SMA), smooth muscle myosin heavy 
chain (SMMHC), p63, and basal cytokeratins (CK), can be 
helpful in demonstrating an intact myoepithelial layer around 
the neoplasm.70 Unfortunately, these markers have variable 
sensitivities and specificities, and the correct interpretation of 
the immunolabeling is not always clear cut, especially in dif-
ferentiating stromal and vascular elements from myoepithelial 
cells.29,70 Cells that are most commonly misinterpreted as myo-
epithelial cells include reactive, calponin/SMA-positive myofi-
broblasts,28,69 calponin/actin/SMMHC-positive capillary 
pericytes,60 and scattered, p63-positive neoplastic basal epithe-
lial cells.66 Therefore, a combined approach using multiple 
myoepithelial markers is suggested in the WHO Breast 2019 as 
the best option to increase diagnostic accuracy.67
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Lobular Carcinoma In Situ

Two papers published in 1941 suggested, for the first time, con-
sidering LCIS as a distinct morphologic entity.24,40 The over-
view of the earliest stages of mammary carcinoma described by 
Muir40 characterized LCIS as a lesion that originates in “acini,” 
whereas Foote and Stewart24 introduced the term LCIS to 
describe “a disease of small lobular ducts and lobules.” Chen  
et al15 in the WHO Breast 2019 define LCIS as a noninvasive 
neoplastic proliferation of discohesive cells originating from 
the terminal duct lobular units (TDLUs), with or without pag-
etoid involvement of terminal ducts and filling more than 50% 
of the acini in each TDLU (Fig. 1). This last morphological 
criterion is also the basis of the distinction between classic 
LCIS and atypical lobular hyperplasia (ALH), the latter involv-
ing less than 50% of the acini per TDLU (Fig. 1).15

LCIS in women is a microscopic lesion that does not form a 
discrete palpable mass; consequently, the incidence of the dis-
ease is difficult to estimate.65 When it occurs alone in biopsied 
patients, LCIS constitutes 1% to 6% of mammary carcinomas 
and 30% to 50% of noninvasive carcinomas.68

LCIS is considered a clonal neoplastic proliferation and a 
nonobligate precursor lesion associated with an increased risk 
of developing invasive breast cancer, approaching 1% to 2% 
per year, with a variable cumulative risk reported by different 
authors ranging from 14% at 10 years to 20% at 15 years.30,61,68 
Breast cancer–specific mortality in patients with LCIS is con-
sidered low.69 Mutation of the tumor suppressor gene CDH1, 
identified in 81% of LCIS cases, and its protein product 
(E-cadherin), which is involved in the maintenance of lobular 
architecture as well as in the β-catenin pathway, play an impor-
tant role in the pathogenesis of both hereditary and spontane-
ous lobular lesions.18,62 Defective E-cadherin and the 
simultaneous downregulation of β-catenin result in loss of cell-
cell adhesion, increased cell proliferation, and altered organiza-
tion of the lobules, giving rise to the characteristic appearance 
of lobular lesions.18,62 Generally, LCIS can be histologically 
categorized as classical, pleomorphic, or florid.15 According to 
the diagnostic criteria published by Chen et al15 in the WHO 
Breast 2019, the essential parameters used to diagnose the dif-
ferent types of LCIS are both cellular morphology and archi-
tectural features, while the demonstration of loss of membranous 

Table 1. Histopathological characteristics of in situ human breast neoplasms.a

Neoplasm Architecture Epithelial cells Myoepithelial cells
Essential diagnostic 

criteria
Desirable diagnostic 

criteria

Ductal carcinoma in 
situ

Focal, involvement 
>2 mm or 2 
or more duct 
spaces of a single 
duct system 
with possible 
extension to the 
lobules. Variable 
architectural 
patterns.

DCIS of
•  Low nuclear 

grade
•  Intermediate 

nuclear grade
•  High nuclear 

grade

Retained 
myoepithelial cells 
around the ducts 
and lobules

Cohesive epithelial 
cells confined to 
the mammary 
ductal-lobular 
system.

IHC demonstration 
of the 
myoepithelium 
along the duct wall

Papillary ductal 
carcinoma in situ

Fronds with 
arborizing 
fibrovascular cores 
lined by ductal 
epithelium within 
ducts

Cytological features 
of DCIS of low, 
intermediate, or 
rarely high nuclear 
grade

• Absent in papillae
•  Present at the 

periphery of 
ducts

Neoplastic cells 
along fibrovascular 
stalks devoid of 
myoepithelium 
layer

IHC demonstration 
of the 
myoepithelium 
along the duct wall 
and lack along the 
fronds

Solid papillary 
carcinoma in situ

Rounded 
circumscribed 
expansile 
nodules of solid 
papillary growth 
pattern and thin 
fibrovascular cores

Cytological 
features of low 
or intermediate 
nuclear grade

Present or absent 
within the papillary 
proliferation or at 
the periphery

Not specified Not specified

Lobular carcinoma 
in situ

Proliferation of 
discohesive cells, 
originating in the 
TDLU

More than half of 
the acini departing 
from a single 
TDLU are involved

Small cells 
with uniform 
hyperchromatic 
nuclei or mild 
variability in size 
and shape with 
larger vesicular 
nuclei

Continuous 
peripheral 
myoepithelial 
cells between 
the basement 
membrane and 
neoplastic cells

Cellular morphology 
and architectural 
features

Loss of E-cadherin

Abbreviations: TDLU, terminal duct lobular unit; IHC, immunohistochemistry.
aAdapted from WHO Classification of Tumors Editorial Board.67
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E-cadherin expression, which is an immunohistochemical fea-
ture of all forms of LCIS, is considered only a desirable diag-
nostic criterion.

According to Wang et al,63 myoepithelial cells generally 
maintain their continuous circumferential organization between 
the BM and LCIS; however, small gaps in myoepithelial conti-
nuity are observed when different antibodies are used for high-
lighting the myoepithelium. At present, histochemical/
immunohistochemical staining for BM or myoepithelial cells is 
not considered mandatory for a diagnosis of LCIS.15

Ductal Carcinoma In Situ

DCIS is a clinically, radiologically, and histologically heteroge-
neous, noninvasive and nonobligate precursor of invasive breast 
carcinoma, originating from the TDLU, and characterized by a 
proliferation of cohesive neoplastic epithelial cells confined to 
the mammary ductal-lobular system with possible extension to 
both the intralobular and extralobular ducts and with a range of 
architectural patterns, nuclear grades (see below), and distinct 
molecular subtypes.46 Historically, DCIS presented as a palpa-
ble mass, but now, the vast majority are nonpalpable and 
detected by various radiologic techniques, mainly in geographi-
cal areas with population-based breast cancer–screening pro-
grams, where they comprise 15% to 30% of breast carcinomas.46 

The apparent incidence of DCIS has increased from 1.87 cases 
per 100,000 person-years in 1973–1975 to 32.5 cases per 
100,000 person-years in 2005, with one case identified per 1000 
screening mammograms.46,50 The breast cancer–specific sur-
vival of women with DCIS is extremely good.23 Recent reports 
highlight that patients with DCIS aged >50 years have an equal 
risk of dying to that of the general female population.23 
Approximately 50% of patients with DCIS, treated with breast-
conserving surgery, develop an invasive carcinoma.51 Many 
factors, including younger age, large lesion size, higher grade 
disease, certain architectural patterns, comedonecrosis, and pos-
itive margins, have been variably associated with an increased 
risk of relapse.51 Moreover, to date, no individual molecular 
prognostic marker has been demonstrated to be of clinical value 
in predicting the behavior of DCIS.46

Several histologically nonuniform and nonharmonious clas-
sification systems for DCIS have been proposed over time.5 
DCIS was historically classified according to architectural pat-
tern and categorized as solid, cribriform, micropapillary, or pap-
illary with comedo and non-comedo types of necrosis.46 The 
WHO Breast 2019 has recommended using the cytonuclear 
morphology instead of the architectural pattern.46 As a conse-
quence, DCIS is categorized as being of low, intermediate, or 
high nuclear grade. DCIS of low nuclear grade is composed of 
small, monomorphic cells, with nuclei 1.5 to 2 red blood cells 

Figure 1. The main characteristics of (a) ductal and (b) lobular human breast lesions.
Abbreviations: TDLU, terminal ductal unit; NOS, not otherwise specified.
Created with BioRender.com.
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(RBC) in size and uniform in shape, regular chromatin, incon-
spicuous nucleoli, rare mitotic figures, and inconspicuous areas 
of necrosis. DCIS of intermediate nuclear grade is composed of 
cells with moderate variability in size, shape, and polarization. 
The nuclei have variably coarse chromatin and sometimes have 
prominent nucleoli. In DCIS of intermediate nuclear grade, 
mitosis and necrosis may be present. DCIS of high nuclear 
grade is formed of large, atypical cells, most commonly with 
solid architecture. The nuclei are larger than 2.5 RBC and are 
typically pleomorphic, with irregular contours, coarse chroma-
tin, and often prominent nucleoli. Mitoses are described as fre-
quent, but no specific thresholds are proposed.46 Interestingly, 
as pointed out by Badve and Gkömen-Polar in 2019,5 the mor-
phological changes in DCIS lie within the spectrum of usual 
ductal hyperplasia (UDH) and atypical ductal hyperplasia 
(ADH) at one end, and invasive and microinvasive carcinoma, 
the latter defined as a tumor with stromal invasion measuring 
less than 1 mm in diameter,20 at the other end (Fig. 1).67 The 
WHO Breast 2019 standardized the diagnostic criteria for sev-
eral breast lesions including UDH, ADH, and DCIS; however, 
the distinction of low-grade DCIS from ADH still remains prob-
lematic, particularly in excisional biopsies (see below).46,67

IHC for high-molecular-weight keratins can assist the dis-
tinction of DCIS from UDH. It is reported that the loss of 
CK5/6 is a typical feature of DCIS and that UDH has a hetero-
geneous or mosaic pattern for high-molecular-weight CK, such 
as CK5/6, CK14, and 34βE12.46,67 Likewise, the strong and 
uniform expression of estrogen receptor (ER) can be used to 
support the diagnosis of DCIS because UDH typically displays 
patchy, weak-to-moderate labeling for ER.46,67 However, the 
distinction between ADH and DCIS is predominantly based on 
the combination of size/extent of the lesion, and architectural, 
cytological, and nuclear features.46,67 Page et al43 proposed the 
involvement of 2 or more membrane-bound duct spaces as the 
cut-off point between ADH and DCIS for DCIS, whereas 
Tavassoli and Norris59 and Allison et al3 proposed a size of 2 
and ≤2 mm, respectively, such that contiguous lesions less 
than or equal to 2 mm are classified as ADH. Based on these 
data, the WHO Breast 2019 reported that the size/extent criteria 
of >2 mm or more than 2 complete duct spaces are essential 
for distinguishing low-grade DCIS from ADH.46,67 When 
lesions of limited extent (ie, close to 2 mm) are identified or 
when the degree of involvement of ducts is borderline, particu-
larly in core needle biopsies, a conservative approach is recom-
mended in the WHO Breast 2019.3,46,67

IHC plays a limited role in the distinction of DCIS from 
ADH because both lesions lose the expression of CK and 
acquire that of ER in a similar manner.3,46,67

For distinguishing between DCIS and microinvasive/inva-
sive ductal cancers (microIDC/IDC), IHC for myoepithelial 
markers can help but is not considered essential by the WHO 
Breast 2019.46 The distinction is based on morphological evi-
dence of a tumor less than 1 mm for microIDC or larger than 1 
mm in greatest dimension for IDC, permeating the surrounding 
stroma, and disrupting the normal mammary units.20

Canine and Feline In Situ Mammary 
Lesions

In Situ Canine Mammary Lesions

To the best of our knowledge, the first time that the term in situ 
was applied in dogs was in 1983 by Gilbertson et al.25 They 
adapted the human classification devised by Black and Chabon7 
into the following 4 “grades”: (1) benign, (2) benign with pre-
cancerous changes, (3) in situ malignant tumors, and (4) invasive 
malignant tumors. Furthermore, Gilbertson et al proposed a 
grading system based on the degree of nuclear differentiation, 
degree of ductal epithelial proliferation, and lymphoid cellular 
reaction to evaluate the histology of the ductal epithelium (duct 
grade 1 = normotypic and normoplastic epithelium; duct grade 
2 = normotypic and hyperplastic epithelium; duct grade 3 = 
moderately atypical epithelial proliferation; duct grade 4 = 
markedly atypical epithelial proliferation; and duct grade 5 = 
severely atypical epithelial proliferation, limited to the structural 
boundaries of the ductal system-in situ carcinoma). In particular, 
the in situ carcinoma was considered a severely atypical epithe-
lial proliferation within the structural boundaries of the duct sys-
tem and classified by the authors as histological stage 0.25

The second edition of the WHO classification of mammary 
tumors of the dog and cat (1999) by Misdorp et al36 officially 
introduced, for the first time, the histotype “noninfiltrating” (in 
situ) carcinoma as a proliferation of malignant cells within 
ducts/lobules with loss of architecture/cell polarity and lack of 
invasion of the BM, but provided no indication of how to eval-
uate invasion of the BM or how to distinguish ductal versus 
lobular CIS. Since then, most veterinary pathologists have used 
this definition.36

In 2007, Antuofermo et al4 defined canine DCIS as a precur-
sor lesion of malignant transformation in the canine mammary 
gland, which was later confirmed by Mouser et al39 and is simi-
lar to what is documented in HBC. In particular, Antuofermo et 
al4 and Mouser et al39 retrospectively examined canine mam-
mary pre-neoplastic and pre-invasive lesions and described 
DCIS by adopting the morphological criteria used in human 
medicine (ie, a ductal lesion in which the epithelial prolifera-
tion fully involves at least 2 ductal cross sections showing both 
cellular and architectural atypia, such as the formation of dis-
crete cribriform spaces lined by polarized epithelial cells). 
Antuofermo et al classified DCIS as low grade (monomorphic 
cells, no increase in nuclear size, diffuse, fine chromatin, and 
few prominent nucleoli or mitotic figures), intermediate grade 
(features intermediate between low and high grade), and high 
grade (pleomorphic cells, nuclear diameter >2.5 times that of 
normal ductal epithelial cells, vesicular chromatin, prominent 
or multiple nucleoli, and mitotic figures).4,39

A new standpoint was introduced by Soremno et al58 in 
2009, which included canine DCIS in the benign/dysplastic 
pre-malignant category, after providing clinical and histopatho-
logical evidence that spontaneous CMTs progress from benign 
to malignant.
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Later in 2011 and 2017, Goldschmidt et al26,27 defined CIS, 
with no further specification of ductal versus lobular CIS, as a 
malignant, well-demarcated epithelial neoplasm that has not 
extended through the BM into the surrounding stromal tissue, 
and that is densely cellular, consisting of closely packed cells 
arranged in irregular tubules.

They emphasized the difficulty in differentiating CIS from 
lobular hyperplasia with atypia and from atypical epithelio-
sis.26,27 Besides morphology, no additional recommendations 
were proposed to precisely evaluate the extension of tumoral 
cells beyond the BM.26,27

Sanchez-Cespedes et al53 evaluated the expression of cal-
ponin in 74 mammary gland lesions, classified according to the 
second edition of the WHO classification of mammary tumors 
of the dog and cat (1999),36 demonstrating that the study of the 
myoepithelial cell layer integrity is not definitive for the diag-
nosis of malignancy and invasion in CMTs.53

Further complicating the picture, some guidelines for the 
diagnosis of CMTs were established during 3 Brazilian mam-
mary pathology meetings (2011, 2013, and 2017) and subse-
quently published introducing, for the first time in the veterinary 
literature, the term in situ as a type of tumor growth rather than 
a specific histotype.11–13 These guidelines also suggested crite-
ria to distinguish between ductal and lobular in situ growths, 
using an approach similar to that applied in human pathology. 
The authors suggested that only CIS, and not hyperplastic and 
dysplastic conditions, could be considered as a precursor lesion 
of malignant transformation.12,13 These authors defined CIS as 
a “malignant epithelial proliferation in the ductal or lobular 
units of the mammary gland, occupying the entire lumen with-
out discontinuity or absence of the basement membrane.”11 
They also introduced the term “in situ carcinoma areas with 
microinvasion areas” characterized by a small group of neo-
plastic cells (<1 mm) that invade the stroma beyond the BM.11 
As a conclusion, the authors postulated that periodic acid Schiff 
(PAS) reaction was helpful in evaluating the integrity of the 
BM,11 but to the best of our knowledge, this approach is 
scarcely validated in veterinary medicine,22 and it is not rou-
tinely performed in human pathology.

In a consensus review on the use of immunohistochemical 
markers on CMTs, Peña et al45 pointed out that myoepithelial 
markers may not be able to distinguish in situ as a type of 
growth from invasive carcinomas, especially in dogs with com-
plex tumors with proliferation of both interstitial and peripheral 
myoepithelial cells.

Studies investigating the performance of myoepithelial 
markers (p63, calponin, CD10, CK5, or alpha-SMA) in identi-
fying a continuous peripheral layer of cells as a hallmark of 
canine CIS have provided some contradictory results.52–54

Recently, Chocteau et al16 focused their research on 433 
mammary carcinomas, histologically classified according to 
Goldschmidt (2011–2017),26,27 and histologically graded 
according to a modified Elston and Ellis system.44 The in situ 
status, referring to a type of growth of any carcinoma, of 89 out 
433 tumors was identified by the presence of a continuous 
layer of p63+ myoepithelial cells and assigned to histological 

stage 0 (tumor in situ, N0, M0).16 Stage 0 tumors compared 
with non-in situ neoplasms (stage I–III) were associated with 
younger age of affected dogs (median 10.2 years), smaller 
tumor size (median 12.0 mm), very low probability of cancer 
progression within 1 year postdiagnosis, and a median overall 
survival time of about 3 years.16

Therefore, based on the above-described literature and con-
sidering the most recent updated histologic classification sys-
tem (2019) published by the Davis-Thompson Foundation,72 
there is a heterogeneous application of the term in situ in CMTs. 
Generally, there is an agreement on applying this terminology 
to a lesion that has not disrupted the preexisting anatomical 
borders; however, there are no standardized diagnostic criteria 
and no agreement as to whether this term should be used as a 
distinct histotype or as a qualifier of tumor growth to be applied 
to any histotype of CMTs. In addition, no detailed guidelines 
were provided on how to distinguish ductal versus lobular CIS, 
as routinely performed in women in situ breast neoplasm.15,46

Considering the above-described facts and controversies, 
we suggest that in future publications dealing with CIS, the 
authors precisely declare the histological classification system 
used specifying the use of the term in situ as a distinct histotype 
or as a qualifier of tumor growth of any histotype, as well as if 
and how the integrity of the peripheral myoepithelial layer is 
assessed.

In Situ Feline Mammary Tumors

The first time the term in situ was used to define a biological 
mammary entity in cats was in 1980 by Weijer to indicate “a 
sign at risk,” namely a lesion associated with the subsequent 
development of carcinoma in the same or other mammary 
glands of the same patient.64 The term was later redefined by 
Castagnaro et al14 in 1998 to characterize CIS and distinguish it 
from an infiltrative tumor employing an anti-actin antibody to 
demonstrate the myoepithelial layer.

In 1999, the 2nd edition of WHO classification of mammary 
tumors of the dog and cat reinforced the use of the term nonin-
filtrating CIS as a specific tumor histotype also in the cat.36 
Several studies published in recent years estimated the relative 
frequency of feline mammary CIS to be between 1.6% and 
15.8% of mammary carcinomas, based on morphology 
alone.9,33,47,48,56

In 2010, Burrai et al9 investigated the prevalence of UDH, 
ADH, and DCIS in feline mastectomy specimens. Based on 
morphology alone and human criteria,9 the authors described 
the spontaneous development of these lesions in 28% of mas-
tectomy specimens from female cats with clinical mammary 
disease. Similar to that reported by Antuofermo in dogs in 
2007,4 about half of feline UDH were associated with benign 
disease, whereas ADH and DCIS were generally associated 
with malignant mammary tumors.

In 2019, Chocteau et al,17 as previously done in dogs,16 used 
p63 immunolabelling to differentiate noninvasive FMTs (sur-
rounded by a continuous layer of p63+ myoepithelial cells—
stage 0) from invasive FMTs (lacking a continuous layer of 
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p63+ myoepithelial cells) using the in situ terminology as a 
type of growth for any tumor histotype. They also proposed a 
histological staging system for FMTs and reported that at initial 
presentation, noninvasive FMTs (stage 0) significantly differed 
from invasive (stage I–III) tumors. Characteristically, com-
pared with invasive FMTs, stage 0 FMTs were diagnosed at a 
younger age, were smaller and of lower histological grade, and 
had less frequent tumor-associated inflammation and central 
necrosis.17

Although there are fewer studies, the application of the term 
in situ in FMTs is also not homogeneous and standardized. 
Again, in our opinion, applied criteria should be precisely 
declared within each study, possibly referring to veterinary 
classifications. As with CMTs, but with less complication due 
to the lack of complex/mixed FMTs, more than one marker 
could be used to detect a peripheral myoepithelial layer.

Canine and Feline CIS and IHC

Besides the studies investigating the myoepithelium, which 
have been discussed above, very few papers have explored the 
immunoreactivity of canine and feline hyperplastic lesions and 
CIS for ER, PR, HER2, and Ki-67, as utilized in HBC to pre-
dict behavior and prognosis.4,9,16,17,33–35,39,48,49[AQ: 2] The 
available data in dogs and cats are scarce, somewhat conflict-
ing, and not useful for the identification of CIS.

In 2002, Millanta et al35 evaluated the expression of Ki-67 in 
feline mammary carcinomas, demonstrating that the 9 cases of 
CIS, classified according to Hampe and Misdorp,28 had low 
proliferative rates, which were comparable to those registered 
in normal mammary tissue and adenosis.

The same authors in 200533 investigated the expression of 
ER and PR in 6 feline and 4 canine CIS classified according to 
Misdorp et al.36 Canine CIS had a higher expression of ER and 
a lower expression of PR compared with normal mammary tis-
sue, hyperplastic/dysplastic lesions, and benign tumors.33 On 
the contrary, in cats CIS had a greater expression of PR com-
pared with normal mammary tissue, hyperplastic/dysplastic 
lesions, and benign tumors, while ER expression was rarely 
observed in feline CIS.33

In 2007, Antuofermo et al4 investigated the expression of 
ER, PR, Ki-67, and HER2 in canine DCIS diagnosed according 
to morphologic human criteria. The authors demonstrated asso-
ciations between the expression of some of these markers and 
DCIS grade, with ER found mainly expressed in intermediate-
grade forms and Ki-67 expressed with highest percentages in 
high-grade forms.4

In 2010, Mouser et al39 added some information demonstrat-
ing that canine low-grade DCIS had a lower expression of ER, 
PR, and HER2 compared with the adjacent normal mammary 
gland and also a lower expression of PR compared with some 
hyperplastic mammary lesions.

In 2012, Ribeiro et al49 classified 29 canine carcinomas aris-
ing in benign mixed tumors, diagnosed according to Misdorp  
et al,36 into 4 subtypes based on their immunophenotypical pro-
files. The authors divided their 29 samples into those with an 

invasive malignant epithelial component and those with an in 
situ (noninvasive) epithelial component, the latter defined 
according to not well-specified parameters based on 2 texts 
from the human literature.19,31 The immunohistochemical panel 
of ER, PR, HER2, CK5, and human epidermal growth factor 
receptor 1 (EGFR) applied to these tumors showed that the 
majority had an in situ malignant component with an immuno-
histochemical profile compatible with a luminal A human 
subtype.49

Reviewing CMTs and FMTs as a model for HBC, 
Abdelmegeed and Mohammed2 in 2018 suggested that DCIS 
was the most similar category in dogs and humans in terms of 
morphological, pathological, and immunohistochemical 
characteristics.

More recently, Chocteau et al17 considered the in situ nonin-
vasive growth as stage 0 CMTs that showed higher ER and PR 
expression and lower Ki-67 proliferation index when compared 
with invasive CMTs.

In Situ Carcinoma and Molecular Investigations

Beetch et al in 2020, following their former works on DCIS his-
topathology, clinical outcome, and imaging,4,37,39 assessed DNA 
methylation alterations through the progression of canine triple-
negative DCIS to triple-negative invasive mammary carcinoma.6 
Functional analysis of differentially methylated genes in DCIS 
and invasive tumors showed alteration in various processes com-
monly dysregulated in cancer, such as cell cycle progression, 
transcriptional regulation, apoptosis, and cellular signaling.7

Mohammed et al38 further demonstrated that ADH, DCIS, 
and invasive carcinomas represented a linear cancer progres-
sion in dogs, supporting the idea that molecular techniques 
could be helpful to stratify DCIS and to identify targets for pre-
vention or therapy. Adding to this, canine DCIS showed over-
expression of myoepithelial cell markers and core genes of the 
Wnt non-canonical pathway, which is known to predict metas-
tasis and poor prognosis in human patients.38

Conclusion

The different meanings given to the term carcinoma in situ dur-
ing the last 30 years, mostly regarding its place and role in the 
complex mechanism of cancer progression, make this concept 
still problematic. This is more evident in CMTs and FMTs than 
in HBC for several reasons. In dogs and cats, the term in situ 
has been used in some studies to indicate a specific histotype—
as for HBC—and in others to refer to a growth pattern of any 
tumor histotype. This review pointed out this lack of unifor-
mity, which makes it difficult to compare results between stud-
ies and interferes with broad use of the term in diagnostic and 
clinical settings. In addition, even among those authors who 
share the same approach and use CIS as a separate tumor entity 
(ie, histotype), there is no agreement as to whether the human 
distinction of DCIS versus LCIS should be applied to dogs and 
cats and what the prognostic/clinical implications of such a dis-
tinction are.
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Moreover, regardless of the way the term is applied (in situ 
as distinct histotype versus in situ as a qualifier of tumor growth 
for any histotype), there are no clearly stated and uniformly 
agreed-on diagnostic criteria (eg, morphology alone or analysis 
of the integrity of either the BM or the myoepithelial peripheral 
layer). This lack of standardization may be in part due to some 
historical inconsistency in the human pathology community 
when referring to CIS, which has been addressed in the most 
recent WHO classification of HBC (2019).67

In conclusion, this review points out the facts and controver-
sies regarding the nomenclature and classification issues of the 
term in situ in canine and feline mammary carcinoma and sug-
gests a process of standardization in future publications. This 
endpoint would minimize subjective morphologic biases in the 
diagnosis of in situ lesions, which are strongly affected by the 
experience of pathologists, and lead to inconsistencies when 
classifying these intriguing, non-clear-cut canine and feline 
mammary lesions.
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