
Quantitation of the Regional Lymph Node Metastatic Burden and
Prognosis in Malignant Mammary Tumors of Dogs
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Background: As in women, regional lymph node status impacts survival in dogs with malignant mammary tumors. How-

ever, few studies have evaluated regional lymph node metastases in dogs with malignant mammary gland tumors.

Objectives: To estimate overall survival based on the assessments of the lymph node status and the morphologic and mor-

phometric features in female dogs with malignant mammary gland tumors.

Materials and Methods: In total, 178 lymph nodes from 97 female dogs were assessed and reviewed, and after confirma-

tion by immunohistochemistry (IHC), 161 lymph nodes were selected for analysis of metastases. Animals were considered

metastasis-free (negative lymph nodes) only after IHC analysis for cytokeratin AE1/AE3. The number of positive lymph

nodes, the number of metastatic foci, the maximum diameter and the area of metastasis were analyzed, and estimates of over-

all survival were made.

Results: Dogs with metastasis had lower mean survival than those with metastasis-free regional lymph nodes, showing a

direct relationship between the number of affected lymph nodes and shorter survival. However, histologic analysis of the

lymph nodes identified lower survival rates in animals with macrometastases and isolated tumor cells, areas of metastasis

>20.11 mm², and metastatic diameters >7.32 mm.

Conclusion: The identification of ≥1 lymph nodes positive for metastasis and morphometric characterization of lymphatic

metastases indicate the prognostic relevance of lymph nodes status in dogs with mammary tumors.
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In human medicine, axillary lymph node status is an
important prognostic factor for women with breast

cancer.1 Sentinel lymph node (SLN) biopsy is the cur-
rent standard of care for staging the clinically negative
axilla in breast cancer patients, with axillary lymph
node dissection reserved for patients with clinical axil-
lary metastases or metastases found on SLN biopsy.2,3

An SLN is the first node draining the primary tumor in
the regional lymphatic basin. The SLNs are identified
by the uptake of a tracer (e.g., radioactive tracer, vital
dye, or a combination of both) or by the identification
of a labeled afferent lymphatic vessel.4 The presence of
lymph node metastasis in the absence of recurrence is
the single most important prognostic factor in breast
cancer, and postoperative adjuvant therapy should be
selected according to the number of metastatic lymph
nodes, tumor size, histologic grade, and lymphatic vas-
cular invasion, in addition to the patient’s age, human
epidermal growth factor receptor 2 (HER-2) status, and
hormone receptor status.5,6

Regional metastases of breast cancer in women are
classified as macrometastases when they feature clusters
of neoplastic cells >2 mm, whereas those with clusters
of neoplastic cells between 0.2 and 2 mm are classified
as micrometastases, and those with clusters <0.2 mm
are classified as isolated tumor cells (ITC).7 Higher rates
of recurrence and death are observed in women with
micrometastases compared with women with negative
lymph nodes; these assessments, coupled with quantifi-
cation of metastatic burden, are a clinically relevant
predictor of non-SLN metastasis.8–13 This type of
assessment, however, has been the subject of great
debate, because there are no differences in prognosis
between women with micrometastases and those with
ITC.14–21

As in women, regional lymph node status has major
impact on the survival of dogs with mammary
tumors.22–27 In dogs, the use of tracers for identifying
SLNs is rarely used in routine practice, but recent stud-
ies have evaluated these techniques.28,29

Mammary tumors represent 52% of all cancers in
female dogs, and 50% are malignant.30,31 Currently,
surgery is the first-line treatment for mammary tumors
in dogs, except for inflammatory carcinoma.32 The
extent of surgery depends on patient stage, lymphatic
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drainage, and size and location of the lesions.33 The
lymphatic drainage of neoplastic mammary glands is
complex, and the lymph nodes anatomically linked to
the mammary glands are found in 2 distinct regions
(i.e., axillary and inguinal). The thoracic cranial and
caudal glands drain toward the ipsilateral axillary
lymph nodes. The abdominal cranial mammary gland
often drains to both regions. The caudal and inguinal
abdominal glands drain into the ipsilateral superficial
inguinal lymph node.28 Furthermore, lymphatic connec-
tions between neoplastic and normal adjacent mammary
glands are rare but can occur.28 Thus, additional studies
related to SLNs in dogs should be developed for further
clarification of the lymphatic drainage of neoplastic
mammary glands.

In general, the inguinal lymph nodes must be resected
en bloc, along the inguinal mammary gland, whenever
this gland is removed or, as with axillary lymph nodes,
when changes in their shape, volume, or consistency are
observed.34

In dogs, the modified TNM classification states that
all N1 cases (dogs with histologic or cytologic evidence
of metastases) are classified as either stage IV (any T,
N1, M0) or stage V (any T, any N, M1).34 This classifi-
cation, however, does not take into account differences
in the location of positive nodes (i.e., ipsilateral or con-
tralateral), the size of the metastatic focus, the clinical
relevance of isolated or small clusters of neoplastic cells
or the methods used to detect occult micrometastases.35

The identification of locoregional lymph node ma-
crometastases from malignant epithelial mammary
tumors is essential for determining postsurgical progno-
sis.36 However, no differences in disease-free survival
and overall survival times between animals without
metastasis and animals with lymph node micrometasta-
ses were reported in that study.36

Thus, this study aimed to analyze estimated overall
survival based on assessing the classification of lymph
node metastasis, the number of metastatic lymph nodes,
and the sizes and numbers of metastatic foci present in
the inguinal and axillary lymph nodes of female dogs
with malignant mammary gland tumors.

Materials and Methods

All procedures were performed under the guidelines and with

the approval of the Ethics Committee in Animal Experimentation

at the Federal University of Minas Gerais (UFMG), protocol

174/2011.

Samples

One hundred and seventy-eight regional lymph nodes (162

inguinal, 14 axillary, and 2 location not available) were assessed

from 97 female dogs with malignant mammary tumors. The intact

or spayed animals were subjected only to the surgical treatment of

their mammary tumors, without adjuvant treatment, at the Hospi-

tal of the Veterinary School of the Federal University of Minas

Gerais (UFMG) between 2008 and 2013. Before surgery, all ani-

mals had complete clinical examinations that included hematology

and serum biochemistry. Feed, but not water, was withheld for

36 hours before surgery. Moreover, the dogs underwent thoracic

radiography to rule out distant metastasis at the time of diagnosis

and abdominal ultrasound examination only when serum biochem-

ical changes or increased abdominal size were observed. The surgi-

cal technique (e.g., simple tumor removal, simple mastectomy,

regional mastectomy, and radical mastectomy) was chosen accord-

ing to the number of lesions and sites, considering the lymphatic

drainage and established prognostic factors such as lesion size and

existence of skin or muscular adherences, as previously

described.34 The present study included 3 (3.1%) simple mastecto-

mies, 46 (47.4%) regional mastectomies, and 43 (44.4%) radical

mastectomies; the type of surgery was unknown for 5 dogs. All of

the tumors were completely excised, and the muscle fascia was not

removed in any cases. The inguinal lymph nodes were resected en

bloc, along with the inguinal mammary gland, whenever this gland

was removed, or in the same manner as the axillary lymph nodes

when they were enlarged, adherent, or firm.

The surgical specimens (mammary tumors and lymph nodes)

were obtained from archives of the Pathology Department of the

Veterinary Clinic and Surgery at the Veterinary School of UFMG

and of the Laboratory of Comparative Pathology at the Institute

of Biological Sciences (ICB/UFMG) and were analyzed by 3 veter-

inary pathologists (MRA, EF, and GDC).

Histopathology and Immunohistochemistry

The lymph nodes were sectioned by a single longitudinal slice

along the long axis. Larger lymph nodes were sectioned longitudi-

nally and then transversally, with multiple sections obtained. All

of the sections were included in different cassettes and were ana-

lyzed together, evaluating the long axis of the lymph node. The

primary tumors also were sectioned for histopathologic analyses.

The tumor samples and regional lymph nodes were fixed in 10%

buffered formalin and routinely prepared and stained with hema-

toxylin-eosin (H&E). Three veterinary pathologists (MRA, EF,

and GDC) histologically examined a minimum of 3 sections

(3 lm) of the mammary tumors. When tumors were >5 cm, a min-

imum of 5 sections were examined. All tumors were classified

according to the veterinary histological classification.33,37,38 One

section (3 lm) of each lymph node was cut and stained with

H&E. Three veterinary pathologists (MRA, EF and GDC)

reviewed all of the lymph nodes. In addition, the maximum width

and length (the 2 greatest dimensions) of all metastatic foci in each

positive lymph node were measured, and the larger of the 2 mea-

surements was used as the maximum diameter of the metastatic

focus.

To confirm the absence of metastasis, a consecutive section

(3 lm) of the same paraffin block obtained for H&E analysis of

each lymph node negative for metastasis was cut for IHC analysis.

The slides were deparaffinized, rehydrated in graded alcohol, and

subjected to heat-induced antigen retrieval with antigen retrieval

solutiona (water bath at 98°C; pH 6.0). The sections were stained

with antibodies specific for cytokeratin (CK) AE1/AE3a (1:100,

clone AE1AE3), vimentina (1:100, clone V9), or P63b (1:80, clone

4A4) and were incubated for 1 hour at ambient temperature. The

cytokeratin stain was performed for all H&E lymph node slides

that were scored as negative for metastasis. The vimentin and p63

stains were performed only for H&E lymph nodes slides negative

for metastasis and with primary diagnoses of carcinosarcoma and

malignant adenomyoepithelioma, respectively. The IHC was used

only to confirm the absence of metastasis and cases positive for

metastasis by IHC were excluded from pathologic analyses. After

incubation, the antigen was immunodetected using the Dako

Advance (HRP) Visualization Methoda with diaminobenzidine

(DAB Substrate System)a as the chromogen. Sections were count-

erstained with Mayer’s hematoxylin, dehydrated, and mounted in

a synthetic medium. Normal mammary glands were used as
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positive controls. Negative controls were assessed using Ultra V

block normal serumc as the primary antibody.

Neoplastic cells in the lymphoid parenchyma or distributed in

the lymphatic sinuses (i.e., subcapsular, medullary, or both) in

H&E-stained sections were considered metastases as previously

described.21 When >1 lymph node in the same patient was affected

by several metastatic foci, the largest metastatic focus was mea-

sured (maximum diameter) for the classification of metastasis as

macrometastases, micrometastases, or ITC. Lymph nodes were

considered free of metastases only after confirmation by IHC

staining.

Images of all metastatic foci were obtained on an Olympus

BX41 microscope using a Spot Insight Color Capture System with

different objectives depending on the size of the metastatic focus.

Metastases were measured using the software Corel Draw 11.

The animals were organized into 5 groups according to a classifi-

cation of metastasis adapted from human medicine: A (animals

without metastasis); B (animals with macrometastases: lymph node

metastases >2 mm; Fig 1A); C (animals with micrometastases: foci

of neoplastic cells with diameters ranging from 0.2 to 2 mm;

Fig 1B); D (animals with ITC: foci of neoplastic cells <0.2 mm;

Fig 1C); and E (animals with nonmeasurable metastasis). Group E

included animals with lymph nodes that had considerable meta-

static involvement but in which it was not possible to measure

metastasis (i.e., lymph nodes partially sectioned or lymph nodes

with metastatic burden distributed diffusely without defined limits).

In addition, all animals with metastasis were stratified according

to the number of lymph nodes involved, the number of metastatic

foci, the maximum diameter of metastasis, and the area of metas-

tasis (maximum width 9 maximum length). Moreover, when >1
metastatic focus was identified in ≥1 lymph nodes in the same

patient, individual metastatic areas were summed to calculate the

total metastatic area (TMA).8 For all of these analyses, a cut-off

(mean plus 1 standard deviation [SD]) was established for stratifi-

cation into groups. The number of lymph nodes involved, the

maximum diameter of the lymph node metastases and the number

of metastatic foci from each animal were used to obtain the aver-

ages for each group. All of the metastatic foci were measured to

obtain an average metastatic area in animals that had >1 meta-

static focus. The TMA from each animal was used to obtain the

mean for the group.

Survival Time

The animals with malignant mammary tumors were assessed,

and the endpoints were defined according to the type of analyses:

histologic tumor types (827 days of follow-up; 84 animals),

presence or absence of lymph node metastasis (1112 days of fol-

low-up; 84 animals), number of lymph nodes involved (778 days

of follow-up; 84 animals), classification of metastasis (778 days of

follow-up; 84 animals), area of metastasis (285 days of follow-up;

33 animals), number of metastatic foci (537 days of follow-up; 33

animals), maximum diameter of metastasis (285 days of follow-up;

33 animals), and TMA (778 days of follow-up; 24 animals).

Survival time was defined as the period (days) between surgical

tumor removal and date of death from disease. The cause of death

was confirmed at the postmortem examination. Animals that were

alive and that died of unknown causes or causes unrelated to the

tumor were censored. Among the most common causes was vis-

ceral (Calazar) leishmaniasis (Leishmania chagasi), which is ende-

mic in the city of Belo Horizonte, Minas Gerais, Brazil, where the

research was conducted. Other causes of death were external

causes (road accidents), orthopedic surgery, and cardiorespiratory

and neurological conditions.

Statistical Analysis

Survival curves were calculated using the Kaplan–Meier estima-

tor, and statistical significance was examined using a log-rank test,

after a normality test, with P < .05 considered significant. Survival

data were evaluated according to the histologic tumor types, pres-

ence or absence of lymph node metastasis, number of lymph nodes

involved, classification of lymph node metastasis, area of metasta-

sis, number of metastatic foci, maximum diameter of metastasis,

and TMA.

Results

The ages of the 97 animals at the time of surgery ran-
ged from 4 to 16 years (mean, 10.7 � 2.7 years). The
dogs were predominantly purebred (68/93; 72.34%),
and poodles (n = 31) were the most common breed.
Mongrel dogs were observed less frequently (25/93;
26.60%), and the breed was not recorded for 4 dogs.
The dogs were intact (52/76; 68.42%) and spayed (24/
76; 31.58%); reproductive status was not available for
21 dogs. The inguinal and caudal abdominal glands
were the predominant sites of the lesions (31/93;
33.33% each) in relation to the multi-centric localiza-
tion (15/93; 16.13%), cranial abdominal glands (12/93;
12.90%), and thoracic glands (4/93; 4.31%). In 4 cases,
the site of the lesions was not confirmed. None of the

A B C

Fig 1. (A) Neoplastic proliferations characterized by numerous structures resembling acini contain significant fibrosis replacing part of the

lymphoid parenchyma (macrometastases). 400x. Hematoxylin-eosin (H&E). (B) Neoplastic proliferation characterized by structures resem-

bling acini localized in the subcapsular sinus (micrometastases). 200x. H&E. (C) Multiple deposits of isolated epithelial neoplastic cells

(arrows) in the subcapsular sinus. The size of the largest metastatic deposit, measuring 0.06 mm, was used to classify lymph node metasta-

sis as isolated tumor cells (ITC). 400x. H&E.
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animals had pulmonary changes on radiographic exami-
nation, changes in abdominal ultrasound findings, or
both at the time of surgery.

Initially, 178 lymph nodes (162 inguinal, 14 axillary
and 2 location not confirmed) of 97 dogs were accessed.
However, after IHC analysis, 161 lymph nodes of 90 dogs
were considered for study. Among 161 lymph nodes,
49.7% (80) were diagnosed as metastatic. One axillary
lymph node and multiple ipsilateral axillar lymph nodes
were removed from 5.7% (5/88) and 3.4% (3/88) of dogs,
respectively. One ipsilateral inguinal lymph node and
multiple ipsilateral inguinal lymph nodes were identified
in 39.8% (35/88) and 47.7% (42/88) of dogs, respectively.
Both axillary and inguinal lymph nodes were excised
from 3.4% (3/88) of dogs. In 2 dogs, the lymph node site
was not recorded. Dogs with lymph node metastasis were
predominantly observed (57/90; 63.3%) relative to dogs
without lymph node metastasis (33/90; 36.7%, Table 1).
The mean number of evaluated nodes per animal was
1.78 (SD, 1.01), with a maximum of 6 and a minimum of
1 lymph node. The mean number of metastatic lymph
nodes per animal was 1.4 (SD, 0.75), with a maximum of
5 and a minimum of 1 metastatic lymph node. The ingui-
nal lymphatic region was the predominant site of metas-
tasis (45/55; 81.8%) relative to the axillary lymphatic
region (8/55; 14.5%) and simultaneous occurrence
(inguinal and axillary; 2/55; 3.6%). The site of metastasis
was not confirmed in 2 dogs.

Carcinomas in mixed tumors were the most common
cancer, and the rarest tumors were lipid-rich carcinoma,
malignant adenomyoepithelioma, pleomorphic lobular
carcinoma, malignant phyllodes tumor, and invasive
micropapillary carcinoma, all of which were included in

the group of rare types of malignant mammary tumors
(Table 1). The animals with carcinoma in mixed tumors,
rare types of malignant tumors, solid carcinoma, papillary
and tubular carcinoma and carcinosarcoma had mean
respective survival times of 485.5 � 259.4 days (not reach-
ing median survival), 227.1 � 235.2 days (median,
180 days), 228.2 � 253.4 days (median, 195 days), 401.7
� 196.8 days (not reaching median survival), and 163.3
� 115.7 days (median, 185 days). Animals with solid car-
cinoma, carcinosarcoma, and rare types of malignant
mammary tumors had lower survival rates than animals
with carcinoma in mixed tumors and papillary and tubular
carcinoma (P < .0001; Fig 2A).

Regarding the presence or absence of lymph node
metastasis, the animals with metastasis had lower sur-
vival times (mean, 253.9 � 244.2 days and median,
275 days) compared with animals without metastasis
(mean 530.6 � 286.8 days and not reaching median
survival; P < .0001; Fig 2B).

When the number of lymph nodes involved was eval-
uated, the presence of ≥2 metastatic ipsilateral lymph
nodes (equal or different lymphatic basins) was associ-
ated with lower survival (P < .0001; Fig 2C). The mean
survival times of animals with lymph nodes without
metastasis, with 1 metastatic lymph node, and with ≥2
metastatic lymph nodes were 497.6 � 238.4 days (not
reaching median survival), 275.3 � 223.2 days (median,
348 days), and 174.2 � 192.8 days (median, 130 days),
respectively.

Animals with isolated tumor cells (group D;
mean, 200.1 � 108.0 days and not reaching median
survival), nonmeasurable metastases (group E; mean,
191.8 � 186.9 days and median, 180 days), and

Table 1. Distribution of histologic tumor types and lymph node features according to the adapted metastasis classi-
fication used in humans.

Absence of Metastasis

Group A (n [%])

(n = 33)

Macrometastases

Group B (n [%])

(n = 13)

Micrometastases

Group C (n [%])

(n = 15)

Isolated Tumor Cells

Group D (n [%])

(n = 9)

No Measurable Metastasis

Group E (n [%])

(n = 20)

Histologic types (n = 90)

MTC 24 [72.7] 4 [30.8] 3 [20.0] 3 [33.3] 1 [5.0]

SC 3 [9.1] 1 [7.7] 2 [13.3] 1 [11.1] 9 [45.0]

RTMT* 2 [6.1] 6 [46.2] 2 [13.3] 0 [0] 8 [40.0]

PTC** 2 [6.1] 0 [0] 7 [46.7] 3 [33.3] 1 [5.0]

CSS 2 [6.1] 2 [15.4] 1 [6.7] 2 [22.2] 1 [5.0]

Lymph node metastasis area (n = 33)

<20.11 mm² 0 [0] 6 [54.5] 14 [100] 8 [100] 0 [0]

>20.11 mm² 0 [0] 5 [45.5] 0 [0] 0 [0] 0 [0]

Lymph node metastatic foci (n = 33)

<28 foci 0 [0] 11 [100] 13 [92.9] 6 [75] 0 [0]

>28 foci 0 [0] 0 [0] 1 [7.1] 2 [25] 0 [0]

Lymph node maximum diameter (n = 33)

<7.32 mm 0 [0] 5 [45.5] 14 [100] 8 [100] 0 [0]

>7.32 mm 0 [0] 6 [54.5] 0 [0] 0 [0] 0 [0]

Lymph node total metastatic area (n = 24)

<88.92 mm² 0 [0] 3 [50] 13 [100] 5 [100] 0 [0]

<88.92 mm² 0 [0] 3 [50] 0 [0] 0 [0] 0 [0]

MTC, carcinoma in mixed tumor; SC, solid carcinoma; RTMT*, rare type malignant mammary tumors (including micropapillary carci-

noma, n = 14; lipid-rich carcinoma, n = 1; pleomorphic lobular carcinoma, n = 1; malignant adenomyoepithelioma, n = 1; and malignant

phyllodes tumor, n = 1); PTC**, (including papillary carcinoma, n = 10; and tubular carcinoma, n = 3); CSS, carcinosarcoma.
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macrometastases (group B; mean, 248.8 � 277.8 days
and median, 240 days) had lower survival times than
those without metastasis (group A; mean, 497.6 �
238.37 days and not reaching median survival) and
those with micrometastases (group C; mean, 342.9 �
238.9 days and not reaching median survival). Lower
survival with statistical significance was observed in ani-
mals from groups B9A (P = .002), D9A (P = .001)
and E9A (P < .0001) and in animals from group E rel-
ative to group C (P < .001; Fig 2D).

Stratification of animals with measurable metastasis
(i.e., macrometastases, micrometastases, and ITC) dis-
tributed in groups according to the area of metastasis,
number of metastatic foci, maximum diameter, and
TMA is presented in Table 1.

The mean area of metastasis was 2.95 mm² (range,
0.0001–169.88 mm²; SD, 17.16 mm²; n = 33). When
stratified by area, animals with areas <20.11 mm²
(mean, 207.1 � 93.4 days and not reaching median sur-
vival) had a greater survival than those with areas
>20.11 mm² (mean, 103.0 � 107.1 days and median,
86.5 days; P = .0457; Fig 3A).

The mean number of metastatic foci was 10 (range,
1–97 foci; SD, 18 foci; n = 33). There were no statisti-
cally significant differences in the survival of animals

with <28 foci (mean, 237.1 � 174.5 days and median,
404 days) and >28 foci (mean, 361.3 � 155.3 days and
not reaching median survival; Fig 3B).

The mean maximum diameter of the metastases was
2.86 mm (range, 0.06–16.92 mm; SD, 4.46 mm; n = 33).
When stratified by maximum diameter, the survival of
animals with diameters >7.32 mm (mean, 95.8 �
97.4 days and not reaching median survival) was lower
than animals with diameters <7.32 mm (mean, 212.6 �
90.6 days and median, 63 days; P = .0068; Fig 3C).

Finally, the mean TMA obtained for animals with >1
metastatic focus was 26.04 mm² (range, 0.0196–
239.41 mm²; SD, 62.88 mm²; n = 24). When stratified
by TMA, no significant difference was found in survival
of the animals with TMAs <88.92 mm² (mean,
303.3 � 210.1 days and not reaching median survival)
and with TMAs >88.92 mm² (mean, 317.0 � 399.9 days
and median, 110 days; Fig 3D).

Discussion

As in women, regional lymph node status has major
impact on survival in dogs with mammary tumors.22–27

In the present study, animals with metastasis had lower
survival times than did animals without metastasis.

A B

C D

Fig 2. (A) Kaplan–Meier survival curve for the animals according to the histologic types: MTC (carcinoma in mixed tumor; n = 32); PTC

(papillary and tubular carcinoma; n = 11); SC (solid carcinoma; n = 16; median, 195 days); RTMT (rare type malignant mammary tumors;

n = 18; median, 180 days); and CSS (carcinosarcoma; n = 7; median, 185 days). Animals with MTC and PTC not did reach median sur-

vival (P < .0001). (B) Kaplan–Meier survival curve for the animals with metastasis (n = 53, median, 275 days) and without metastasis

(n = 31, not reaching median survival) (P < .0001).(C) Kaplan–Meier survival curve for the animals according to the number of lymph

nodes involved: 0 (no metastatic lymph nodes; n = 31, not reaching median survival), 1 (1 metastatic lymph node; n = 37; median,

348 days), and ≥2 (≥2 metastatic lymph nodes; n = 16; median, 130 days) (P < .0001). (D) Kaplan–Meier survival curve for the animals

according to the classification of metastasis: A (absence of metastasis; n = 31), B (macrometastases; n = 11; median, 240 days), C (microm-

etastases; n = 14), D (isolated tumor cells; n = 8; median, 262 days), and E (no measurable metastasis; n = 20; median, 180 days)

(P < .01). The animals in groups A and C did not reach median survival.
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These findings are similar to those reported in the litera-
ture.22–26

To our knowledge, this study is the first to describe
the prognostic significance of identifying a higher num-
ber of lymph nodes positive for metastasis in dogs, as
has been reported in humans.1,39 Another novel aspect
is the use of a more accurate technique for measuring
metastases, which yields a more detailed representation
of the metastatic load of the lymph nodes in these ani-
mals. In this study, dogs with lymph node metastases
with diameters >7.32 mm had lower overall survival.
Another interesting finding was that the presence of
ITC in the lymph nodes of dogs with malignant mam-
mary tumors was associated with lower overall survival
in comparison to dogs with no metastatic malignant
mammary tumors.

Histological type is one of the most important prog-
nostic factors in dogs with mammary tumors and, our
results are similar to those described in the litera-
ture.23,24 We found that solid carcinomas are extremely
aggressive histologically and have a worse prognosis
compared with histologically well-differentiated tumors,
such as carcinomas in mixed tumors, papillary carci-
noma, and tubular carcinoma. Tumors subclassified as
micropapillary carcinomas were particularly noteworthy
in this study. These tumors were associated with lower
overall survival compared with other tumors, as
described in previous studies.40–43

In this study, metastatic involvement of >1 lymph
node showed a direct correlation with worse prognosis.

This parameter may become an important prognostic
factor in veterinary clinical practice and has not previ-
ously been described in dogs. In women, a higher num-
ber of affected axillary lymph nodes is associated with
shorter survival times, which is a well-recognized prog-
nostic factor in breast cancer.1,39

The presence of lymph node macrometastases is also
a clinically relevant prognostic factor in dogs with
mammary tumors.36 However, a novel finding of similar
prognostic relevance was the identification of isolated
cells in these animals. In this study, 33.33% of the ani-
mals diagnosed with ITC had more aggressive tumors,
such as carcinosarcoma and solid carcinoma. Such
behavior may be similar to that observed in women
with breast cancer, in whom the clinical relevance of
identifying cell clusters <0.2 mm has shown conflicting
results and may be directly related to the histologic type
studied.13,16,18,21

The differences in animal survival demonstrate that
metastatic area measurements can be used to character-
ize regional lymph node metastases in female dogs with
malignant mammary tumors. However, this character-
ization may not be practical in routine laboratory
pathology because it would be necessary to measure all
metastatic foci to obtain the mean metastatic area.

The maximum diameter of metastases currently is
used to classify metastases as macrometastases, microm-
etastases, or ITC in humans.7 In the present study, the
classification of metastasis used in humans was made,
along with stratification to the maximum diameter

A B

C D

Fig 3. (A) Kaplan–Meier survival curve for the animals according to the area of metastasis: <20.11 mm² (n = 28; not reaching median sur-

vival) and >20.11 mm² (n = 5; median, 86.5 days) (P = .0457). (B) Kaplan–Meier survival curve for the animals according to the number

of metastatic foci: <28 foci (n = 30; median, 404 days) and >28 foci (n = 3, not reaching median survival) (P = .629). (C) Kaplan–Meier

survival curve for the animals according to the maximum diameter of metastasis: <7.32 mm (n = 27; not reaching median survival) and

>7.32 mm (n = 6; median, 63 days) (P = .0068). (D) Kaplan–Meier survival curve for the animals according to the total metastatic area

(TMA): <88.92 mm² (n = 21; not reaching median survival) and >88.92 mm² (n = 3; median, 110 days) (P = .3329).
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(cut-off: mean plus SD = 7.32 mm). Lower survival was
observed in animals with a maximum diameter of
lymph node metastasis >7.32 mm relative to animals
with a maximum diameter of lymph node metastasis
<7.32 mm. Thus, the behavior of macrometastases and
staging in dogs can vary, and the current classification
system based on humans (macrometastases: metastasis
>2 mm) may not be the most appropriate. Other
authors have discussed the use of classification systems
other than the classification systems used in humans
that have been adapted to veterinary medicine.35 A sub-
classification system for macrometastases should be
considered because the lymph node metastasis can reach
considerable size in female dogs, similar to findings in
the present study.

The TMA measurements in SLNs can predict non-
SLN metastasis in women with breast cancer.8 The
present study found no differences in animal survival
between a TMA (cut-off: mean plus SD) >88.92 mm²
and a TMA <88.92 mm². Thus, to obtain prognostic
information, we consider that the maximum diameter
measurement could be one of the most suitable methods
when analyzing single sections of lymph nodes in female
dogs with malignant mammary tumors.

In the clinical studies of humans, substantial
advances are described in relation to the standardiza-
tion of gross sectioning and the number of histologic
sections to be analyzed in SLNs of women with breast
cancer.44 In veterinary medicine, evaluating lymph node
metastases, determining the prognostic value of meta-
static size, and even establishing the number of histo-
logic sections to be analyzed should be investigated in
additional studies, especially when using SLN mapping
in mammary tumors of dogs. The findings in this study
may help in future proposals for the standardization of
these methods of analysis, showing the real prognostic
relevance of the occurrence of lymph node metastasis in
malignant mammary tumors of dogs.

Corroborating previous findings,22–26 our study
showed that the presence of lymph node metastasis is a
negative prognostic factor. However, the analysis of
these data with tumor size, histologic type, mitotic
index, histologic grading, status of hormonal receptors,
and cell proliferation markers may provide more consis-
tent information in a multivariate analysis of the possi-
ble independent prognostic factors in dogs with
malignant mammary tumors and may provide actual
practical applications for the data presented in this
study for clinical practice. However, the independent
prognostic relevance of lymph node status in dogs with
mammary tumors is still poorly established in multivari-
ate analysis.23,45,46

Conclusions

The identification of ≥1 metastatic lymph nodes is
considered a parameter for prognostic assessment in
affected animals. Moreover, macrometastases and ITC
in regional lymph nodes are associated with a worse
prognosis in dogs with malignant mammary tumors
subjected only to surgical treatment. A more detailed

classification system and staging that takes into account
differences in the sizes of macrometastases identified in
female dogs should be considered, and additional stud-
ies should be conducted to confirm these findings.

Footnotes

a Dako, Carpinteria, CA.
b NeoMarkers Inc., Fremont, CA.
c Thermo Fisher Scientific, LabVision Corporation, Fremont, CA.

Acknowledgments

Grant support: This work was financially supported
by Conselho Nacional de Desenvolvimento Cient�ıfico e
Tecnológico (CNPq), Coordenac�~ao de Aperfeic�oamento
de Pessoal de N�ıvel Superior (CAPES), and Fundac�~ao
de Amparo a Pesquisa de Minas Gerais (FAPEMIG),
Brazil.

Conflict of Interest Declaration: Authors disclose no
conflict of interest.

Off-label Antimicrobial Declaration: Authors declare
no off-label use of antimicrobials.

References

1. Carter CL, Allen C, Henson DE. Relation of tumor size,

lymph node status, and survival in 24,740 breast cancer cases.

Cancer 1989;63:181–187.
2. Veronesi U, Paganelli G, Viale G, et al. A randomized com-

parison of sentinel-node biopsy with routine axillary dissection in

breast cancer. N Engl J Med 2003;349:546–553.
3. Lyman GH, Temin S, Edge SB, et al. Sentinel lymph node

biopsy for patients with early-stage breast cancer: American Soci-

ety of Clinical Oncology clinical practice guideline update. J Clin

Oncol 2014;32:1365–1383.
4. Kuehn T, Bembenek A, Decker T, et al. A concept for the

clinical implementation of sentinel lymph node biopsy in patients

with breast carcinoma with special regard to quality assurance.

Cancer 2005;103:451–461.
5. Fitzgibbons PL, Page DL, Weaver D, et al. Prognostic fac-

tors in breast cancer. College of American Pathologists Consensus

Statement 1999. Arch Pathol Lab Med 2000;124:966–978.
6. Goldhirsch A, Ingle JN, Gelber RD, et al. Thresholds for

therapies: Highlights of the St Gallen International Expert Con-

sensus on the primary therapy of early breast cancer. Ann Oncol

2009;20:1319–1329.
7. Greene FL, Page DL, Fleming ID, et al. Breast. In: Greene

FL, Page DL, Fleming ID, Fritz A, Balch CM, Haller DG, Mor-

row M, eds. AJCC Cancer Staging Manual, 6th ed. New York:

Springer; 2002:223–240.
8. Chae AW, Vandewalker KM, Li YJ, et al. Quantitation of

sentinel node metastatic burden and Her-2/neu over-expression

accurately predicts residual axillary nodal involvement and extran-

odal disease in breast cancer. Eur J Surg Oncol 2013;39:627–633.
9. Fisher ER, Palekar A, Rockette H, et al. Pathologic findings

from the National Surgical Adjuvant Breast Project (Protocol No.

4). V. Significance of axillary nodal micro and macrometastases.

Cancer 1978;42:2032–2038.
10. Fisher B, Gebhardt MC. The evolution of breast cancer

surgery: Past, present, and future. Semin Oncol 1978;5:385–394.

1366 de Araújo et al
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