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Abstract

Objectives The aim of the study was to investigate prognostic factors in feline mammary gland neoplasms,
correlating them with overall survival (OS).

Methods Fifty-six primary malignant mammary gland neoplasms and 16 metastatic lymph nodes from 37 female
cats were analyzed. Clinical staging, histologic type and grade, and immunohistochemistry for Ki-67, progesterone
and estrogen receptor, human epidermal growth factor receptor type 2 (HER-2), cyclooxygenase-2 (COX-2) and
vascular endothelial growth factor (VEGF) were evaluated. Follow-up was performed in order to correlate prognostic
factors with OS.

Results Lymph node metastasis was found in 35% of cases. Clinical stage lll, tubulopapillary carcinomas and
histologic grade Il cases prevailed in the study. Most neoplasms were positive for hormonal receptors, negative
for HER-2 overexpression and presented VEGF overexpression. Immunoreactivity for Ki-67 (P = 0.046) and COX-2
(P = 0.007) was higher in metastases than in primary tumors. COX-2 (P = 0.089), HER-2 (P = 0.012) and histologic
grade (P = 0.080) were correlated with OS.

Conclusions and relevance The data suggest that inhibition of ovarian hormones and COX-2 may represent a
therapeutic option for malignant feline mammary gland neoplasms. When evaluating disease progression, COX-2
scores and Ki-67 index should be analyzed in primary tumors and metastases. Histologic grade, HER-2 status and
COX-2 scores were found to have a direct influence on OS. Prognostic factors allow for a better understanding of
disease outcome in a condition that is characterized by a poor prognosis. The present work highlights the need for
further studies on endocrine therapy and COX-2 inhibitors, which could influence OS.
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Introduction
Feline mammary neoplasms are the third most frequent
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tumor type in the domestic cat, after hematopoietic and
cutaneous neoplasms.' Neutered animals are less likely
to develop tumors than intact cats.# In contrast to humans
and dogs, at least 80% of all feline mammary tumors are
malignant.5¢ Ulceration, lymphatic invasion and
regional or distant metastasis are common findings in
the majority of malignant feline mammary gland neo-
plasms (MFMGN).4

Prognostic factors are clinical, pathologic and biologic
features of cancer patients and their tumors that forecast
clinical outcome.” Tumor size, extent of surgery and his-
tologic grade have been described as the most significant
prognostic factors for MFMGN.* Lymph node involve-
ment, lymphovascular invasion, tumor size and tumor

UNESP) — Jaboticabal Campus, Jaboticabal, Brazil
2Laboratory of Comparative Pathology, Department of General
Pathology, Federal University of Minas Gerais (UFMG), Belo

Horizonte, Brazil

SDepartment of Preventive and Social Medicine, Faculty of
Medicine, Federal University of Minas Gerais (UFMG), Belo
Horizonte, Brazil

“Veterinary Hospital, Veterinary School, Federal University
of Minas Gerais (UFMG), Belo Horizonte, Brazil

Corresponding author:

Geovanni Dantas Cassali DVM, MS, PhD, Laboratory of
Comparative Pathology, Department of General Pathology,
Biological Science Institute (ICB), Federal University of Minas
Gerais (UFMG), Avenida Antonio Carlos 6627 Bloco C3 Sala 166,
Pampulha, PO Box 31270-901, Belo Horizonte, Brazil

Email: geovanni.cassali@gmail.com


mailto:geovanni.cassali@gmail.com

1004

Journal of Feline Medicine and Surgery 18(12)

grade have also been described.® Other factors that influ-
ence disease-free interval and overall survival (OS) are
clinical staging, histologic subtype, mitotic index, devel-
opment of metastatic disease and location of metastatic
disease. Molecular markers have also been studied for
feline mammary neoplasms, including human epider-
mal growth factor receptor type 2 (HER-2), vascular
endothelial growth factor (VEGF), cyclooxygenase
(COX) enzymes, proliferative index (Ki-67), and estro-
gen and progesterone receptors (ER and PR).>1!
Understanding prognostic factors that relate to the
biologic behavior of neoplastic diseases enables tailoring
of therapeutic strategies and can increase disease-free
intervals and OS. The aim of this study was to investi-
gate and correlate the prognostic factors in MEMGN.

Materials and methods

Thirty-seven female cats admitted to the Veterinary
Teaching Hospital of the Federal University of Minas
Gerais (UFMG), Brazil, and diagnosed with MFMGN
were evaluated in a retrospective manner. Radical mas-
tectomy was performed as the surgical treatment. Fifty-
six MFMGN and 16 metastatic regional lymph nodes
samples were analyzed. Samples were obtained from the
Pathology Sector of the Clinical and Surgical Department
of the Veterinary School and the Laboratory of
Comparative Pathology in the Institute of Biological
Sciences, UFMG, Brazil.

The cases were staged according to a modified World
Health Organization clinical staging system for feline
mammary tumors. This system evaluates tumor size,
neoplastic involvement of regional lymph nodes and
presence of distant metastasis, classifying neoplasms
into clinical stages I-IV.1213

Tumor specimens were collected, fixed for 48 h in 10%
neutral-buffered formalin solution and embedded in
paraffin. Histologic sections of 4 um were obtained and
stained with hematoxylin and eosin. Tumors were

Table 1 Criteria evaluated for histologic grade classification

Criteria

>75% of the tumor
10-75% of the tumor
<10% of the tumor
Small and regular nuclei

Tubule formation index

Nuclear pleomorphism

Moderate increase in size and variation of nuclei
Marked pleomorphism with large variation in size and

shape of nuclei

0-8 mitoses/10 HPF
9-16 mitoses/10 HPF
>17 mitoses/10 HPF

Mitotic count

reviewed and reclassified according to veterinary histo-
logic criteria by three pathologists (KAD, COG, GDC).o14
Any discrepancies were resolved by discussion. Tumors
displaying multiple morphologic patterns were classi-
fied according to the predominant neoplastic pattern.

The histologic grade of all invasive carcinomas was
established according to the Nottingham system.!> This
system evaluates tubule formation index, nuclear pleo-
morphism and mitotic count (Table 1). The histologic
grade of the tumor was obtained through the sum of the
scores, classified as grade I (3-5 points), grade II
(6-7 points) and grade III (8-9 points).

Four micrometer histologic sections were obtained for
immunohistochemical analysis. Details related to target
antigen, clone, manufacturer, dilution, antigen retrieval
method and incubation time are described in Table 2.
Immunohistochemical procedures were identified using
secondary antibodies (Advance HRP; DakoCytomation).
Endogenous peroxidase activity was blocked with a solu-
tion of 3% H,0, in methyl alcohol. Reagents were applied
for 30 mins manually and immunoreactivity was visual-
ized by incubating the slides for 10 mins with diamin-
obenzidine (DAB Substrate System; Dakocytomation).
Sections from a feline mammary carcinomas known to
express Ki-67, HER-2, ER and PR; sections from a human
colon carcinoma known to express COX-2; and sections
from a human breast cancer known to express VEGF
were used as positive controls. Negative controls were
assessed using normal serum (Ultra V Block; Laboratory
Vision) as the primary antibody. Immunohistochemical
staining evaluation is described in Table 3.

Follow-up was obtained through the evaluation of
medical records, telephone interviews with owners and
clinical evaluations in order to evaluate disease evolu-
tion with possible recurrences, metastases and death.
When the owner could not report the cause of death
(through appropriate veterinary diagnosis) the animal
was considered censored.

Score

WN = wnNn =

N

Assignment of points was carried out using an Olympus BX-40 microscope fitted with a X 10 eyepiece and a X 40 objective. This gives a field

area of 0.239 mm?
HPF = high-power field
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Table 2 Immunohistochemical analysis of malignant feline mammary gland neoplasms

*DakoCytomation Target Retrieval Solution
ER = estrogen receptor; PR = progesterone receptor; HER-2 = human epidermal growth factor receptor type 2; COX-2 = cyclooxygenase-2;
VEGF = vascular endothelial growth factor; EDTA = ethylenediaminetetraacetic acid

Table 3 Immunohistochemical evaluation for Ki-67, estrogen receptor (ER), progesterone receptor (PR),
cyclooxygenase-2 (COX-2), vascular endothelial growth factor (VEGF) and human epidermal growth factor receptor
type 2 (HER-2)

OS time was defined as the period (in days) between Median survival was defined as the period when 50% of
the date of surgical removal of the tumor and death the patients of a determined group died.
caused by the disease. Animals that died from unknown Statistical analyses were performed with Student’s
causes or causes unrelated to the tumor were censored. f-test, Mann-Whitney U-test and Spearman’s rank
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correlation coefficient. The correlation coefficient was
considered positive or negative and was classified as
weak (r <0.35), moderate (0.36 <r <0.67) and strong
(r =0.68).2! OS time was evaluated by univariate Kaplan—
Meier estimated survival curve analysis by the log-rank
test (Cox-Mantel). Results were considered significant
when P <0.05 and trending towards significance when
P =<0.10.

All procedures were performed under the appropri-
ate guidelines and with the approval of the Ethics
Committee for Animal Experimentation of the Federal
University of Minas Gerais (CETEA/UFMG), protocol
number 13412/2012.

Results

Thirty-seven queens were analyzed. Thirteen (35.13%)
patients had more than one primary neoplasm, resulting
in 56 MFMGN. At the time of diagnosis, 10 (27.02%) ani-
mals presented one, and three (8.11%) animals presented
two metastatic regional lymph nodes (axillary and/or
inguinal), resulting in 16 samples of metastases (Figure 1a).
Primary neoplasms were classified as six (10.72%) carci-
nomas in situ and 50 (89.28%) invasive malignant
neoplasms.

Neoplasms were mainly diagnosed in abdominal
mammary glands (28/39; 71.80%) rather than thoracic
mammary glands (11/39; 28.20%). Skin ulceration was
found in 18.60% of studied cases. Neoplasm size was
classified as <2 cm in 20/44 (45.45%) cases, 2-3 cm in
11/44 (25.00%) cases and >3 cm in 13/44 (29.55%) cases.
Patient clinical staging demonstrated 17/25 (68.00%)
stage I1I, 4/25 (16.00%) stage Il and 4/25 (16.00%) stage I
tumors.

The 56 primary MFMGN were diagnosed as 19
(33.93%) tubulopapillary carcinomas (Figure 1b), 14
(25,00%) cribriform carcinomas (Figure 1c), six (10.71%)
in situ carcinomas, four (7.14%) papillary carcinomas,
three (5.36%) mucinous carcinomas, two (3.58%) solid
carcinomas, two (3.58%) tubular carcinomas, two (3.58%)
glycogen-rich carcinomas, one (1.78%) micropapillary
carcinoma, one (1.78%) carcinosarcoma, one (1.78%)
malignant adenomyoepithelioma and one (1.78%) carci-
noma in mixed tumor. Regarding histologic grade,
49 invasive carcinomas were analyzed and considered as
13 (26.53%) grade I, 24 (48.98%) grade Il and 12 (24.49%)
grade III. Immunohistochemical findings are demon-
strated in Table 4, and Ki-67 (Figure 1d), ER (Figure le),
PR (Figure 1f), HER-2 score 1+ (Figure 2a) and score 3+
(Figure 2b), COX-2 low (Figure 2c) and high scores
(Figure 2d), and VEGF score 1 (Figure 2e) and score 3
(Figure 2f) stainings are demonstrated.

When comparing primary tumors and metastases,
statistically significant differences were observed in
COX-2 and Ki-67 immunolabeling. Median COX-2 score
was 3 (range 1-9) in primary tumors and 6 (range 2-12)

in lymph node metastases (P = 0.007). Mean Ki-67
expression was 24.15% in primary tumors and 34.22% in
regional metastases (P = 0.046).

Immunohistochemical staining for Ki-67 was weakly
correlated with histologic grade (r = 0.260; P = 0.081),
tumor size (r = 0.341; P = 0.022) and progressive malig-
nant types of diagnosis (in situ carcinomas, invasive car-
cinomas and metastases) (r = 0.322; P = 0.007). HER-2
presented a weak correlation with tumor size (r = —0.355;
P = 0.020). Week correlations were also found between
COX-2 and VEGF (r = 0.204; P = 0.094) and COX-2 and
progressive malignant types of diagnosis (in situ carci-
nomas, invasive carcinomas and metastases) (r = 0.359;
P = 0.002). Ki-67 expression in tumors with low COX-2
scores was lower (23.07%) than in tumors with high
COX-2 scores (32.09%) (P = 0.041). TNM clinical staging
was weakly correlated with tumor size (r = 0.339;
P =0.026).

ER-negative tumors expressed higher HER-2 scores
(median 2, range 1-3) than ER-positive tumors (median 1,
range 1-3) (P = 0.041). A significant difference was
observed regarding the presence of ulceration and larger
tumors (median T;, range T,-T;), while smaller tumors
(median T,, range T,-T;) did not present skin disconti-
nuity (P = 0.001). Tumors presenting overexpression of
VEGF presented higher COX-2 scores (median 4, range
1-12) than tumors that did not overexpress VEGF
(median 3, range 1-8) (P = 0.019).

A difference trending towards significance in OS was
observed when comparing high and low COX-2 scores.
Patients with high COX-2 scores presented a median
survival of 189 days, while low COX-2 scores were asso-
ciated with a median survival of 1400 days (P = 0.089)
(Figure 3). Regarding HER-2 expression, the median sur-
vival of cats presenting a score 1+ was 262 days, 387
days for score 2+ and 35 days for score 3+ (P = 0.012)
(Figure 4). Histologic grade also had an impact on OS.
Grade I tumors had a median survival of 1628 days, 262
days for grade II tumors and 78 days for grade III tumors
(P = 0.080) (Figure 5).

Discussion

This study confirmed that the majority of feline mam-
mary tumors are malignant and that there is metastasis
to regional nodes at the time of diagnosis in 35.13% of
the cases, similar to previously described findings.?610
Most tumors (64%) were classified as stage III,'%12 and
there was a ratio of 7:3 abdominal to thoracic tumors.!2
Ulceration of the tumors correlated to size but not to
clinical stage.?

Histologic types found in this study were diversified.
Tubular, papillary, solid, cribriform and in situ carcino-
mas are considered common diagnosis in feline mam-
mary glands, and some carcinomas show a combination
of histologic types.?*® Some histologic types found in
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Figure 1 Histopathological and immunohistochemical analysis of malignant feline mammary gland neoplasms. (a) Feline
lymph node. Regional metastasis composed of epithelial cells (*). Hematoxylin and eosin (HE), X 40. (b) Feline mammary
gland. Tubulopapillary carcinoma presenting an epithelial proliferation in a tubular and papillary pattern. HE, X 40.

(c) Feline mammary gland. Cribriform carcinoma presenting an epithelial proliferation in a cribriform pattern. HE, X 40.

(d) Feline mammary gland. Tubulopapillary carcinoma presenting neoplastic Ki-67-immunoreactive epithelial cells stained in
brown (nuclei) (arrows). Polymeric detection system anti-Ki-67, counterstained with Harris’'s hematoxylin (HH), X 60.

(e) Feline mammary gland. Tubulopapillary carcinoma presenting neoplastic estrogen receptor (ER)-immunoreactive epithelial
cells stained in brown (nuclei) (arrows). Polymeric detection system anti-ER, counterstained with HH, X 60. (f) Feline mammary
gland. Tubulopapillary carcinoma presenting neoplastic progesterone receptor-immunoreactive epithelial cells stained in brown
(nuclei) (arrows). Polymeric detection system anti-PR, counterstained with HH, X 60
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12/16 (75.00)
4/16 (25.00)
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overexpressiont
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VEGF
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0)
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5.0
48.08
6.9

= 14/52 (2

2)

VEGF
(scores 1-3)t
= 13/52 (2
= 25/52 (

1
2
3

39/55 (70.91)
H = 16/55 (29.09)

COX-2f
L

1/55 (20.00)
0/55 (18.18)
4/55 (7.27)

2/55 (21.82)
9 = 2/55 (3.64)

/55 (12.73)
/55 (16.36)

7
1
9
1
1
12 = 0/55 (0.00)

(scores 1-12)t
12 = 1/16 (6.25)

COX-2
’
2
3
4
6
8

71 (33/51)
49 (13/51)
0 (5/51)

5
62.50 (10/16)

6

2

9
2+ = 25.00 (4/16)
3+ = 12.50 (2/16)

(scores 1+ to 3+)
1+

HER-2, %

00.00 (16/16)
0.00 (0/16)

PR (%)

21.43 (3/14)

ER (%)

(min; max)*
34.22 + 16.42 P = 78.57
(2.00; 62.80) (11/14)

N

Ki-67

metastasis

Table 4 Immunohistochemical results for Ki-67, estrogen receptor (ER), progesterone receptor (PR), cyclooxygenase-2 (COX-2), vascular endothelial growth factor
Regional

(VEGF) and human epidermal growth factor receptor type 2 (HER-2)
P = positive; N = negative; L = low score; H = high score; S = overexpression score; WS = without overexpression score

*Mean = SD (%)

n (%)

this study are described as rare in the feline mammary
gland, such as mucinous carcinoma, carcinoma in mixed
tumor and carcinosarcoma.?¢

Different histologic grading methods have been
developed for feline mammary tumors and further stud-
ies are needed to clarify the validity of the different grad-
ing systems for mammary carcinomas.?? The Elston and
Ellis method used in this study has previously been
described for MEMGN and demonstrated high prognos-
tic value.’®> MFMGN are mainly classified as moderately
differentiated.?>30 Our results support the prognostic
value of histologic grade, described in previous stud-
ies,?>?> demonstrated by shorter OS associated with
higher histologic grade. This study also demonstrated
significant correlation between Ki-67 index and higher
histologic grade, and, although this was not demon-
strated in a previous study,? this finding is consistent
with two other studies.?>?” Ki-67 is an excellent marker
for determining the growth fraction of a given cell popu-
lation. A progressive increase in the proliferative index
from normal mammary gland, non-neoplastic lesions,
benign lesions, in situ carcinomas and invasive carcino-
mas has been documented,??”?! and this study confirms
that metastatic lesions have a higher proliferative index
and represent a further step in tumor progression.

In this study the American Society of Clinical
Oncology and the College of American Pathologists
guideline recommendations for immunohistochemical
staining for ER and PR in breast cancer were used and
tumors were considered positive when at least 1% of the
tumor nuclei were positive. This may account for the dis-
crepancy between these findings and prior reports,?8:3233
where the negative cut-off value was higher than 1%. An
additional report found 91.4% positivity for PR when a
5% cut-off value was used.?® Ovariectomy status may
also influence PR expression,® and additional studies
that associate receptor expression with the reproductive
status of the animal are warranted. Over-representation
of mammary tumors associated with intact cats and
increasing hormonal exposure,® as well as sporadic
occurrence of mammary lesions following synthetic pro-
gestins, demonstrates the role of ovarian hormones in
feline mammary neoplasms.? Endocrine therapies in
women through ovarian ablation, aromatase inhibitors
and tamoxifen have shown an increase in disease-free
intervals and OS in endocrine responsive neoplasms.®
Similar benefit could be suggested for MFMGN as endo-
crine receptors are present, the main option being
ovariohysterectomy.

Studies in human breast tumors have linked HER-2
amplification and overexpression of its receptor with
shorter disease-free intervals and increased risk of metas-
tasis, as well as resistance to many types of therapy.®® The
majority of the HER-2 immunolabeling in this study was
identified with a score of 1+, which contradicts prior
reports.?3!  Subjective interpretation and lack of



De Campos et al 1009

Figure 2 Immunohistochemical analysis of malignant feline mammary gland neoplasms. (a) Feline mammary gland.
Tubulopapillary carcinoma presenting neoplastic human epidermal growth factor receptor type 2 (HER-2)-immunoreactive
score 1+ epithelial cells stained in brown (membrane). Polymeric detection system anti-HER-2, counterstained with Harris's
hematoxylin (HH), X 40. (b) Feline mammary gland. Tubulopapillary carcinoma presenting neoplastic HER-2-immunoreactive
score 3+ epithelial cells stained in brown (membrane polymeric detection system anti-HER-2), counterstained with HH, X 40.
(c) Feline mammary gland. Tubulopapillary carcinoma presenting neoplastic low cyclooxygenase (COX)-2-immunoreactive
epithelial cells stained in brown (cytoplasm). Polymeric detection system anti-COX-2, counterstained with HH, X 40. (d) Feline
mammary gland. Tubulopapillary carcinoma presenting neoplastic high COX-2-immunoreactive epithelial cells stained in brown
(cytoplasm). Polymeric detection system anti-COX-2, counterstained with HH, X 40. (e) Feline mammary gland. Tubulopapillary
carcinoma presenting neoplastic vascular endothelial growth factor (VEGF)-immunoreactive score 1 epithelial cells stained

in brown (cytoplasm). Polymeric detection system anti-VEGF, counterstained with HH, X 40. (f) Feline mammary gland.
Tubulopapillary carcinoma presenting neoplastic VEGF-immunoreactive score 3 epithelial cells stained in brown (cytoplasm).
Polymeric detection system anti-VEGF, counterstained with HH, X 40
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Figure 3 Overall survival curves for 20 queens according

to cyclooxygenase (COX)-2 immunohistochemical staining.
Thirteen cats had low COX-2 score neoplasms and seven had
high COX-2 score neoplasms (P = 0.089)
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Figure 4 Overall survival curves for 18 queens according
to human epidermal growth factor receptor type 2 (HER-2)
immunohistochemical staining. Thirteen cats had HER-

2 neoplasms with a score of 1+; three cats had HER-2
neoplasms with a score of 2+; and two cats had HER-2
neoplasms with a score of 3+ neoplasms (P = 0.012)

methodology standardization for HER-2 expression could
explain the discrepancy between our findings of 10%
HER-2 overexpression in primary tumors and the 57%
and 5.5% in the other studies, which considered scores of
2+ and 3+ as overexpression.?>3% As described in
human breast cancer,® prior feline studies and this study,*”
higher HER-2 scores were more frequently expressed in

104 Histological Grade
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Figure 5 Overall survival curves for 19 female cats according
to histologic grade. Five queens had grade | neoplasms;
eight had grade Il neoplasms; and six had grade I
neoplasms (P = 0.080)

ER-negative tumors. Contradicting previous studies in
both humans and feline mammary tumors,*40 HER-2
expression was higher in smaller tumors and this indi-
cates that epidermal growth factor stimulation may play a
role in the early stages of carcinogenesis. The prognostic
significance of HER-2 expression was supported by a pre-
vious study,? and this study by the association of OS with
HER-2 immunohistochemical status.

COX-2 is a rapidly inducible enzyme that is involved
with malignant transformation and tumor progression
by affecting cell proliferation, mitosis, cell adhesion,
apoptosis, angiogenesis and immune surveillance.304!
Prior studies have reported high positivity (87% and
95%) in MFMGN,203! and this study also demonstrated
high COX-2 staining, which indicates that COX-2 may
have a role in feline mammary gland neoplasm carcino-
genesis.*? To our knowledge this is the first study to com-
pare COX-2 expression in both primary and metastatic
tumors. Although, in a previous study no clear advan-
tage was demonstrated in treating MEMGN with COX-
2,12 COX-2 could represent a potential target for
therapeutic strategies with COX-2 inhibitors,*? and ani-
mals presenting metastasis and high COX-2 scores could
potentially present a more significant clinical benefit.
Elevated COX-2 expression correlated with a poor prog-
nosis, as demonstrated by the differences in OS in this
and previous studies.?

Our study also demonstrated a predominance of
score 2 immunostaining for VEGF expression in both
primary and metastatic tumors, but there was no differ-
ence in OS that correlated with this expression, even
though VEGEF is a potent angiogenic factor involved in
tumor growth, invasion and metastasis.??620
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Conclusions

Aggressive surgical excision remains the main treatment
option for MFMGN, and additional therapeutic inter-
ventions are necessary. The study of prognostic factors
revealed that some of these factors might be considered
predictive, with treatments involving the inhibition of
ovarian hormones and COX-2 possibly representing
therapeutic options for MFMGN. When evaluating dis-
ease progression, COX-2 scores and the Ki-67 index
should be analyzed in primary tumors and metastases.
Histologic grade, HER-2 overexpression and COX-2
scores were found to influence the OS of queens directly.
Studies involving MFMGN should employ similar and
strict methodologies to enable data comparison.
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